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Abstract

The current educational system relies heavily on manual grading, posing chal-
lenges such as delayed feedback and grading inaccuracies. Automated grading tools
(AGTs) offer solutions but come with limitations. To address this, "GRAD-AI" is
introduced, an advanced AGT that combines automation with teacher involvement
for precise grading, timely feedback, and personalized support, enhancing the educa-
tion process. This paper aims to develop "GRAD-AL" an automated grading tool for
computer programming assignments. The objective is to overcome the limitations
of manual grading by harnessing AI’s capabilities to deliver accurate and timely
assessments, thus creating a more interactive and supportive learning environment.
The results show that GRAD-AI provides unbiased grading and timely and accurate
feedback delivery for programming assignments by using the Halstead Complexity
Measure, Term Frequency — Inverse Document Frequency Measure, Abstract Syn-
tax Tree Process, and K-means Clustering. GRAD-AI marks a substantial stride in
improving grading and feedback delivery within the education sector. Its real-time
feedback provision and gap identification contribute to enhanced learning outcomes.
As AT’s role expands, integrating automated grading tools like GRAD-AI becomes
crucial for fostering personalized learning and adaptability. The paper underscores
AT’s potential to revolutionize assessment and grading processes, supporting global
students’ growth and development.
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1 Introduction

The rapid advancements in cloud computing, big data, machine learning, and artifi-
cial neural networks have paved the way for the development of machines that can
mimic human intelligence. In this context, artificial intelligence (AI) refers to the
capacity of machines to learn, recognize, react, observe, and solve problems (Lin
et al., 2024; Wu et al., 2023; Zhai et al., 2021). The public often perceives Al as
the ability of computers or machines to both think and act like humans. It encom-
passes the ongoing efforts to create automated systems replicating human thought
and behavior (Jiang et al., 2024a, b; Li et al., 2024; Wartman & Combs, 2018). In
essence, artificial intelligence entails the skillful imitation of human mental pro-
cesses and behavior using software and tools (Mohammed & ’Nell’Watson, 2019).

While AI has made remarkable progress, there are fundamental distinctions
between humans and Al in various aspects. These distinctions encompass emer-
gence (Al is a product of human ingenuity, whereas humans possess innate rea-
soning and thinking abilities), nature (Al aims to replicate human behaviors and
tasks, while humans exhibit adaptability through various cognitive processes),
state (AI consists of digital machines, whereas the human mind is analogous),
and function (Al relies on input data and predefined instructions, while humans
leverage cognitive abilities, memory, and processing capacity), among others
(Assaf et al., 2022; Fortuna & Gorbaniuk, 2022; Zhang et al., 2024). However,
Al boasts several advantages over the human mind, including speed, connectivity,
upgradability, and scalability (Gonzélez-Calatayud et al., 2021).

The exploration of Al dates to Alan Turing’s groundbreaking work in 1950, which
introduced the concept of "thinking machines." Over the years, Al research has
branched into diverse domains, resulting in a burgeoning body of literature (Liu et al.,
2024a, b, c; Zhang & Aslan, 2021). Education is one such domain that has witnessed
transformative changes due to emerging technologies. The integration of Al in edu-
cation has gained significant attention in recent years (Zawacki-Richter et al., 2019).
Notably, the 2018 Horizon study highlighted AI and blended learning technologies
as significant advancements in educational technology, predicting a 48% increase in
the use of Al in education between 2018 and 2022. Furthermore, Al applications in
teaching and learning environments are expected to experience substantial growth
(Chen et al., 2020; Liu et al., 2024a, b, ¢; Zhai et al., 2021).

As Al solutions advance, they play a pivotal role in identifying gaps in the
education system, ultimately enhancing educational effectiveness (Chen et al.,
2020, 2024; Katake & Sugandhi, 2024). AI contributes to personalization and
efficiency, streamlining administrative functions to provide teachers/lecturers
with more time and flexibility, which fosters adaptability—an inherent human
capability (Pratama et al., 2023; Bahcelerli & Altinay, 2023; Kancan et al., 2023).
The synergy between lectures, teachers, and machines can significantly improve
student outcomes (Freeman et al., 2014; Haleem et al., 2022).

AT’s application in education within the teaching and learning context encom-
passes three main areas: learning with AI (utilizing AI tools in education),
learning about Al (educating individuals on the use of Al tools in education),
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and preparing for Al (understanding the transformative potential of these tools)
(Gonzélez-Calatayud et al., 2021; Liu et al., 2024a, b, ¢; Xu et al., 2024a, b).
Al in tutoring, for example, facilitates diverse teaching and learning approaches
both within and beyond traditional classroom settings, offering round-the-clock
support and granting access to learning resources for students in economically
disadvantaged areas, irrespective of physical location (Chen et al., 2022; Jiang
et al., 2024a, b; Xu et al., 2024a, b). Al in assessments involves conducting situa-
tional judgment tests through realistic student chatbot interactions. The Al system
collects, scores, assesses responses, and provides feedback. It analyzes student
responses to test questions and uses established algorithms to make predictions
based on the data. This paper focuses primarily on Al in assessment.

Online assessment has been a research subject for the past two decades, par-
ticularly in providing prompt and accurate student feedback (Dawson et al., 2019;
Gikandi et al., 2011; Jordan, 2012). However, the effectiveness of such assessments
in providing satisfactory and accurate feedback to students remains a question.
Hence, there is a need to develop a tool that can deliver relatively accurate assess-
ments that are also satisfactory to students. Various fields have extensively employed
automated grading tools to assess and grade student assignments. These tools ena-
ble teachers/lecturers to automatically evaluate student solutions against predefined
rubrics and offer immediate feedback on the accuracy of their work, empowering
students to track their progress and make improvements (Heckman & King, 2018).
Unfortunately, automated grading tools are underutilized in many developing coun-
tries, including Nigeria. In these regions, students often rely on traditional, manual
methods for completing assignments, using pen and paper, rather than embracing
the technological shift toward online assignments and automated grading tools,
which require access to digital devices. This discrepancy arises from the perception
that education systems in developed countries benefit from superior assessment and
grading practices. This advantage is attributable primarily to the adoption of online
assignment submission and automated grading tools (Petropoulou et al., 2014).

This situation presents a significant challenge: the absence of instant feedback
on student assignments. Students’ assignments sometimes remain unassessed or
ungraded, depriving them of insights into areas needing improvement. As the
number of students continues to grow, along with the effort required to grade their
assignments, there is a pressing need for automated grading tools to provide timely
and accurate feedback. Furthermore, as society increasingly embraces technology,
the future of education will likely involve the widespread use of automated grad-
ing tools. Technology permeates all fields of study and endeavors, including submit-
ting student assignments. For instance, one way to address the issue of assessing
and grading programming assignments is to instruct students to test their code solu-
tions and then evaluate them based on task requirements, checking for code correct-
ness (Edwards et al., 2014). This approach empowers students to identify areas for
improvement in their coursework.

The broad utility of automated grading tools lies in their ability to assess, grade,
and deliver immediate, precise feedback, surpassing the capabilities of human asses-
sors. This paper aims to study, observe, and analyze existing applications designed for
assessing and grading assignments while providing feedback. Subsequently, it seeks to
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introduce a superior solution called "GRAD-AL" enabling students to complete assign-
ments online, receive assessments and grades, and access accurate feedback.

The implemented tool specifications focused on a computer programming course,
"Introduction to Python Programming," which solely covers the introductory aspects
of Python programming as outlined in CSC201 and CSC202/208 manuals, which
forms part of the curriculum at the Department of Computer Science and Engineer-
ing, Obafemi Awolowo University, Ile-Ife, Nigeria. The contribution of this paper is
fivefold. Theoretically, GRAD-AI contributes knowledge by advancing the understand-
ing of automated grading systems in programming education. It explores theoretical
concepts from artificial intelligence and machine learning to enhance the tool’s ability
to analyze and evaluate programming assignments effectively. Systematically, GRAD-
Al development presents a well-structured and comprehensive approach to automated
grading in programming courses. The tool systematically integrates syntax and seman-
tic error checks, personalized feedback, and lecturer review, ensuring a cohesive and
efficient grading system. Methodologically, GRAD-AI introduces innovative tech-
niques for code assessment and feedback. It detects semantic differences by leveraging
the Halstead complexity measure, term frequency-inverse document frequency meas-
ure, and abstract tree process. It predicts ways to fix syntax errors, providing valuable
insights into students’ coding practices. Practically, GRAD-AI addresses real-world
challenges faced by students and teachers/lecturers in programming courses by imple-
menting an automated grading tool that aids the grading process and returns feedback.
Automating the grading process saves lecturers time and gives students instant feed-
back for improved learning outcomes. Analytically, GRAD-AI critically evaluates and
validates the effectiveness of the automated grading tool. Through rigorous testing and
comparison, it provides analytical insights into the tool’s performance, contributing to
the broader understanding of automated grading systems’ strengths and limitations.

The rest of the paper is structured as follows. Section 2 delves into the motivation
and problem statement, providing a foundation for the study. In Sect. 3, the paper
presents a comprehensive review of related works, identifying areas that demand
improvement. Section 4 outlines the methodological design approaches, elucidat-
ing the implementation’s requirements and specifications. The subsequent section,
Sect. 5, details the actual system implementation, validating the design specifica-
tions’ accuracy. Section 6 delves into the procedures employed for system testing
and presents the results and discussion. Section 7 addresses the limitations of the
study. Section 8 presents the threats to validity, while Sect. 9 offers insights into
potential future work. Concluding remarks drawn from the research are encapsu-
lated in Sect. 10, bringing the paper to a thoughtful conclusion.

2 Motivation and problem statement

The current educational system heavily relies on manual grading to evaluate stu-
dents’ performance, resulting in significant challenges, particularly with the increas-
ing student-to-teacher ratio. Manual grading often leads to delayed or absent feed-
back for students, potentially causing future assessment failures due to a lack of
awareness of their weak areas. Moreover, manual grading typically focuses solely on
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grades without addressing specific areas of improvement. One of the primary issues
with manual grading is its inconsistency, as it may not consistently assess and grade
student assignments accurately, resulting in unreliable feedback. Additionally, the
manual grading approach cannot analyze individual learning paces and needs due to
its non-interactive nature, unlike automated grading tools (AGTs).

Concurrently, researchers and programmers have actively explored the development
of automated grading tools that evaluate students’ assignments, including programming
tasks. However, while some of these automated grading tools offer distinct benefits,
they also exhibit certain limitations. Some tools solely provide grades without offer-
ing detailed feedback to students, while others may provide feedback but lack a grad-
ing component. Specific automated grading tools require the execution of programming
assignment codes for assessment, rendering them incapable of evaluation if the code
cannot be executed, even if it contains correct syntax and semantics. Furthermore, some
automated grading tools lack the crucial feature of allowing teachers to review students’
assignments and add personalized comments, limiting the overall effectiveness of the
grading process and hindering the provision of tailored guidance to students.

Therefore, this paper’s primary objective is to develop an advanced automated
grading system called "GRAD-AI" that not only addresses the limitations of the
existing manual assessment approach but also overcomes the shortcomings of some
current automated grading tools. The proposed automated grading tool will provide
timely and accurate feedback, analyze individual learning needs, and foster an inter-
active environment to support students’ learning journey. By incorporating features
for both precise grading and detailed feedback, including the ability for teachers to
review assignments and add personalized comments, the new automated grading
tool aims to enhance the overall efficiency and effectiveness of the grading process.
This comprehensive and well-rounded approach to automated grading will promote
teacher-student interaction, ultimately creating a more robust and supportive educa-
tional ecosystem that leverages the advantages of automation while upholding the
value of teacher involvement and personalized learning experiences. The following
research questions have been addressed in this paper.

e RQI: Can GRAD-AI address the challenges of manual grading and provide
timely and accurate feedback to students?

e RQ2: Can GRAD-AI allow teachers to review students’ assignments and add
personalized comments?

e RQ3: Can GRAD-AI predict ways to fix syntax errors in student code submis-
sions, contributing to a more comprehensive feedback mechanism?

e RQ4: How does GRAD-AI contribute to the ongoing efforts of teachers/lecturers
in developing nations to transition from traditional teaching methods to techno-
logically advanced learning environments?

The response to RQ1 is explained in Sect. 6, where the implemented system
undergoes testing to assess its capability to provide timely and accurate feedback.
For RQ2, Sect. 4 addresses the inquiry by delineating the methodological design
approach, presenting a comprehensive overview of the design for all aspects or fea-
tures of the tool to be implemented. To address RQ3, pertinent information can be
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located in Sect. 5. This section extensively discusses the actual system implementa-
tion, highlighting K-Means Clustering as one of the methods employed to address
syntax errors in codes. The examination of how GRAD-AI contributes to the ongo-
ing efforts of teachers/lecturers in developing nations, as posed in RQ4, is thor-
oughly discussed in Sects. 2, 4, 5, and 6.

3 Related works

Recent advancements in Automated Grading Tools (AGTs) have significantly broad-
ened the scope of academic assessment, transcending the traditional confines of pro-
gramming assignments. Pioneering research by Bian et al. (2020) and Stikkolorum
et al. (2019) has been instrumental in the automated evaluation of class diagrams.
Concurrently, Alur et al. (2013) have substantially contributed to developing AGTs
for Deterministic Finite Automaton (DFA) constructions. Bhangdiya et al. (2015)
have been at the forefront of automating SQL query assignment grading in data-
base education. The field of essay grading has also witnessed a paradigm shift with
seminal works by Valenti et al. (2003), Hearst (2000), Ramalingam et al. (2018), and
Ramesh and Sanampudi (2022), highlighting the versatility and potential of AGTs in
evaluating diverse forms of student work.

However, a few works have surfaced within the specific niche of AGTs tailored
for programming assignments, albeit with notable limitations. While these AGTs
have made strides in automating the grading process for coding tasks, they often fail
to address key aspects crucial for a comprehensive and practical assessment. Grad-
Al emerges as a promising solution, aiming to overcome these limitations and pro-
vide a robust framework for the automated grading of programming assignments.

Within the sphere of AGTs, Parihar et al. (2017) ’s contributions are noteworthy,
particularly with their development of *Gradelt.” This tool has distinguished itself
through its proficiency in grading and syntax verification, addressing the specific
requirements of programming assignments. Despite its strengths, *Gradelt’ demon-
strates notable limitations, such as the absence of features designed for educators’
convenience and oversight of semantic error analysis in the evaluated code.

Shifting the focus to the work of Heckman and King (2018) and Heckman et al.
(2020), their integration of Github and Jenkins offered an innovative approach to
automated grading. This dynamic duo of tools facilitated automated grading and
collaboration, covering various stages of software engineering. Despite its com-
mendable features, this AGT faltered by overlooking semantic and syntax errors,
crucial components for a comprehensive evaluation. Additionally, the absence of a
dedicated lecturer review feature further limited its potential.

In the evolving landscape of AGTs, the Auto-grader’ developed by Liu et al.
(2019) has emerged as a specialized tool that prioritizes semantic discrepancies
in programming tasks. This innovative approach introduces an additional layer of
complexity to the grading process, enhancing the depth of assessment. Despite its
novel focus, ’Auto-grader’ presents significant limitations, including the omission of
syntax error detection and the lack of an integrated grading mechanism, which may
limit its practicality in academic environments.
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Galassi and Vittorini (2021) further advanced the AGT landscape with their
tool, introducing debugging capabilities and supervised classification for unlimited
answers. While this tool elevated AGTs by providing valuable feedback and reviews,
it fell short by not predicting error fixes and lacking both syntax and semantic error
checks and a dedicated grading feature.

Nabil et al.’s (2021) introduction of ’EvalSeer’ into the AGTs landscape marks
a significant step forward with its cloud-based learning management system capa-
bilities. ’EvalSeer’ excels in detecting syntax errors and offering corrective pre-
dictions, streamlining the grading process for programming assignments. Despite
these advancements, *EvalSeer’ encounters challenges in conducting semantic error
analysis, lacks a bespoke grading function, and omits the crucial element of lecturer
feedback, which is essential for a holistic assessment framework.

In summary, these AGTs collectively contribute to improving the teaching—learn-
ing environment, yet they face inflexible grading systems, lack of semantic error
checks, and insufficient feedback. The proposed Grad-Al strives to build upon these
foundations by addressing these limitations, incorporating both syntax and semantic
error checks, offering a flexible grading feature, and providing comprehensive feed-
back. Grad-Al endeavors to revolutionize the landscape of automated grading tools
for programming assignments through these enhancements.

4 Methodology

This section focuses on the development of GRAD-AI, an automated grading tool.
The chosen model and system requirements, as outlined in Sirhaug (2018), form the
foundation of the tool. To systematically plan and implement the tool, we followed a
well-defined development model with crucial steps, ensuring progress stays on track.
GRAD-AI directly addresses the issues identified in Sect. 2, providing practical solu-
tions. As per Tarcsay (2023), the data collection method was adopted, involving the
gathering and analysis of coding questions and answers in the CSC202/208 — Com-
puter Programming course. The GRAD-AI model encompasses various stages, includ-
ing data analysis, design specifications, implementation, training, and testing. Figure 1
illustrates the AGT approach’s context diagram, depicting a seamless flow from stu-
dent registration to logging in and assignment submission on the dashboard created to
the assessment of the submission, and then grading and feedback, which are returned
to the dashboard. The lecturer/ teacher can also add reviews after checking the stu-
dents’ assignment solution, which influences the grades and feedback returned.

The system requirement specifications play a pivotal role in facilitating interac-
tion between students and lecturers regarding the semantics and syntax of Python
programming codes. Prior to specific design stages, a thorough assessment of needs
is conducted to minimize the need for redesign. The system requirements include
enabling teachers to add reviews, accessing students’ assessments and details, and
assigning grades. Likewise, students should be able to access their grades, receive
feedback, and input personal details and assignment solutions. Admin functionali-
ties involve accessing students’ details and authorizing teachers’ login credentials,
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Fig. 1 Context diagram

ensuring a comprehensive and user-friendly experience for all stakeholders in the
automated grading process.

4.1 Data collection and analysis

The data employed in this study originated from the practical class exercises of
CSC202/208, “Introduction to Python Programming II,” conducted in the Depart-
ment of Computer Science and Engineering, Obafemi Awolowo University, Ile-
Ife, Nigeria, in 2024. This dataset in Table 1 encompassed submissions from 50
students, comprising responses to five questions sections. These submissions
were sourced from a dedicated platform for students to submit solutions to their
assignments. Consequently, variations in responses emerged due to the diverse
approaches taken by students. Each assignment was graded based on the accu-
racy of the student’s code and its alignment with expected outputs. Additionally,
the system captured subtask scores, forming a detailed 250-record dataset used
in model training and evaluations. Clustering for Grading: One core algorithm in
GRAD-ATI’s grading system is K-means clustering, which helps categorize student
submissions based on performance. Data points representing submission scores
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Table 1 Total number of

students with attained grades Question No ! 2 3 4 >
per question No of people who had 10/10 4 9 2 6 5
No of people who had 9/10 6 3 7 4 4
No of people who had 8/10 8 4 5 3 6
No of people who had 7/10 5 6 6 8 7
No of people who had 6/10 7 5 4 5 3
No of people who had 5/10 3 8 8 7 8
No of people who had 4/10 6 5 3 2 5
No of people who had 3/10 5 5 5 6 6
No of people who had 2/10 3 4 6 5 4
No of people who had 1/10 3 1 4 4 2

are grouped into clusters to ensure consistent and fair grading. The closest cluster
center is identified for each data point, and each student’s performance is assigned
to a corresponding grade range within a cluster. This method minimizes the sub-
jective aspects of grading by creating standardized performance categories.

The steps involved in K-means clustering are as follows:

Let S={sl, s2,...,sn} represent the set of data points and A={ al, a2,...,an} rep-
resent the set of centres;

Select “x” cluster centers randomly

Get each cluster center and data point distances

Cluster center with the minimum distance should be assigned the data point
Get a new cluster center using Eq. 3.5:

-

()38 g

Where “xn” is the number of data points in an nth cluster in Eq. 1

e

Repeat steps 2
6. Repeat step 3 if a data point is reassigned; otherwise, stop

In the cluster table in Table 2, the numbers in each cell represent the cluster
assignment for the corresponding combination of question and score. These assign-
ments were determined by minimizing distances between data points and cluster
centroids, following the iterative steps of the K-means algorithm.

4.2 Design specification
In this stage, the data was thoroughly examined and translated into visual designs

illustrating the users’ anticipated experience. The analysis aimed to guarantee
that the users’ requirements and expectations were encompassed and mirrored
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Table 2 Cluster table after

K-means clustering was applied Score Cluster 1 Cluster 2 Cluster 3
Assume K=3 10/10 1 2 3
9/10 2 1 3
8/10 3 1 2
7/10 1 2 3
6/10 3 2 1
5/10 2 1 3
4/10 3 1 2
3/10 1 2 3
2/10 3 2 1
1/10 3 1 2
TR*‘;;':;CI:;‘;C;“’“I SN SPECIFICATIONS
1 Teachers can add reviews for students’ assessments
2 Teachers can access students’ assessment data
3 Teachers can access students’ personal details
4 Teachers can input and manage grades for assignments
5 Students can access their grades
6 Students receive timely and constructive feedback
7 Students can input personal details (name, reg. number, etc.)
8 Students can submit assignment solutions for assessment
9 Admins can access detailed information about students

—_
(=]

Admins can authorize teachers’ login details

throughout each phase of the design process. The design was realized using case,
class, sequence, and block diagrams, delineating user connections and system
operations. Table 3 presents the functional requirements of the system.

The architecture depicted in Fig. 2 comprises six significant entities. These
entities include the grading components responsible for evaluating submitted
assignments, resources such as downloadable files or assignments for students,
system configuration for determining the overall assignment grade and display-
ing result details, a dashboard enabling students to review feedback and grades, a
compiler for code compilation, execution for running compiled code, and results
returned after execution. Figure 2 illustrates the representation and interaction
among these entities.

a) Grading Module: The grading module evaluates each student’s code based
on syntax correctness, structure, and adherence to best practices. The module
assesses readability and efficiency by combining abstract syntax tree (AST) pars-
ing and complexity measures (e.g., Halstead complexity). This analysis enhances
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Fig.2 An overview of the architecture of the automated grading tool

b)

)

d)

grading accuracy by factoring in code structure and quality rather than just func-
tionality.

Dashboard for Teachers: The teacher’s dashboard allows educators to view and
assess students’ assignments in a centralized location. Teachers can also add
specific feedback for each student, contributing to a personalized learning experi-
ence. The dashboard further supports a tabular display of each student’s grades,
fostering an efficient grading workflow.

Student Dashboard: Students interact with GRAD-AI primarily through their
personalized dashboard. This interface provides access to grades and feedback,
allowing them to understand performance areas and receive guidance on improv-
ing their skills. The dashboard encourages active participation and engagement
by including interactive components like randomly generated questions.
Compiler and Execution Module: After students submit their code, it is compiled
and executed to validate outputs against expected results. This module uses sand-
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boxed environments to ensure secure execution, minimizing risks from potentially
erroneous code. The results are then used as input for the grading module.

Use case analysis, as demonstrated in Fig. 3, clarifies the actions performed by
actors within the system to define its functionality. This analysis expresses the sys-
tem’s context and is valuable for representing scenarios in which the system inter-
acts with organizations, individuals, or external systems. Figure 3 displays a Unified
Modeling Language (UML) Use Case diagram outlining the Automated Grading
Tool (AGT) functionalities.

The class diagram illustrates the system’s static structure, as seen in Fig. 4.
This diagram outlines classes, attributes, operations, and relationships between
objects. Figure 4 showcases the superclass "user," comprising the admin and lec-
turers, and the child class "user," representing students. Associations include a
1-to-many relationship between the admin class and assignment, lecturer, profile,
and user classes, as well as many-to-many relationships between the lecturer class
and assignment and profile classes, and similarly for the student class.

The sequence diagram in Fig. 5 shows time-ordered interactions and operation
executions between objects. This diagram details the steps involved in scenar-
ios related to use case realization. In Fig. 5, the student registers, logs in, views
their profile and submits an assignment to the admin, who manages user data and
verifies the lecturer. The lecturer configures the system, assesses the assignment,
and adds reviews or comments, which are then returned to the admin. The admin
assesses the assignment and provides grades, feedback, and lecturer comments to
the student.

Figure 6 illustrates the relationships between essential functionalities, repre-
sented by blocks, with connected lines denoting their relationships.

5 System implementation

The implementation of GRAD-AI focuses on creating an automated grading system
that provides objective scoring, feedback, and analysis of code assignments. The
GRAD-AI scoring mechanism is central to this, as it integrates multiple algorithms
to evaluate code quality, readability, and adherence to assignment requirements.

5.1 Scoring mechanism

The GRAD-AI scoring mechanism is designed to assess programming assign-
ments comprehensively by evaluating various aspects of students’ code sub-
missions. This mechanism incorporates several advanced techniques to ensure
an accurate, fair, and multifaceted assessment, making it possible to provide
detailed feedback on code quality, complexity, logical consistency, and concep-
tual understanding.

The scoring process comprises four main components:
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1. Halstead Complexity Measures: Halstead metrics are essential for analyzing
code complexity based on the structure and content of the code. Key metrics

include:

a) Program Length (N): The code’s total number of operators and operands.
This measures the extent of the code and gives insight into its length and

overall complexity.

b) Vocabulary (n): The count of unique operators and operands. A high vocabu-
lary count often indicates more diverse operations and variables, contributing

to code intricacy.

¢) Volume (V): Defined as V=N xlogi/02(n)V =N \times \log_2(n)V =N xlog2
(n), this metric quantifies the amount of information or cognitive effort

required to understand the code.
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Fig.4 Class diagram

d) Effort (E): Represented by E=VXDE=V \times DE=V XD, where DDD
is a difficulty, this measure approximates the effort needed to comprehend
and implement the code.

Analyzing these metrics, GRAD-AI can evaluate how readable, manageable,
and concise a student’s code is. For example, excessive program length or high
effort scores might indicate overly complex code, prompting feedback on simpli-
fying structures or improving readability.

2. Abstract Syntax Trees (AST): ASTs are used to analyze the syntactic structure

of the code. Unlike mere syntax checks, ASTs decompose code into its funda-
mental components (e.g., statements, loops, and expressions) and represent it in a

@ Springer



Education and Information Technologies

Student Admin Lecturer

7regis‘9'() i i
7login() ;
17 viewprofile()

777Iogoul()

submitAssignment()

manages()

returnFeedback()

returnGrade()

77 login() '

»A—) logout()

verifies()

displaysSubmittedAssignment()

addComments()

i i

Fig.5 Sequence diagram

tree structure, capturing hierarchical relationships and dependencies. This allows
GRAD-AI to:

a) Detect structural or logical errors in code flow.

b) Ensure that code follows logical sequences (e.g., initialization before use of
variables).

¢) Validate the correctness of control structures and nested statements.

GRAD-AI can spot errors that might otherwise go undetected in traditional syn-
tax checks, such as misplaced conditions or inconsistent variable usage, and to pro-
vide targeted feedback on improving logical structure by parsing the code using
ASTs
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Term Frequency-Inverse Document Frequency (TF-IDF): TF-IDF is a statisti-
cal measure typically used in text analysis but applied here to evaluate the com-
ments and function descriptions within students’ code. The mechanism works by:

a) Calculating term frequency, which represents how often specific program-

ming terms or keywords (e.g., “loop,” “function,

ments.

LEINT3

variable”) appear in com-

b) Adjusting by inverse document frequency reduces the weight of standard
terms that are less informative across different submissions.

This component helps identify whether students understand and appropriately

describe their code functions. For example, if a student’s comments repeatedly misi-
dentify constructs or omit key terms, GRAD-AI can provide guidance on best com-
menting practices, terminology use, and clarity in explanations.

4.

K-Means Clustering: K-means clustering groups students’ submissions into
clusters based on performance metrics such as complexity, correctness, and con-
sistency. Each submission is evaluated for these metrics and assigned to a cluster,
with clusters indicating various performance levels:

a)

b)

High-Performing Cluster: Accurate and efficient code, demonstrating strong
comprehension and adherence to programming principles.

Mid-Level Cluster: Code that meets basic requirements but may need
improvement in structure or readability.
Low-Performing Cluster: Code with significant errors or deviates signifi-
cantly from expected solutions.
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Clustering allows GRAD-AI to deliver individualized and consistent feedback
across submissions in each performance category. For instance, all submissions
within a low-performing cluster may receive feedback on foundational improve-
ments, while mid-level submissions could receive tips on optimizing code efficiency.

Together, the four components listed above ensure that the GRAD-AI scoring
mechanism not only evaluates technical correctness but also encourages good pro-
gramming practices, clarity, and readability, all of which are vital for student devel-
opment in coding.

5.2 System modules

The GRAD-AI system architecture includes several core modules, each contributing
to different stages of the grading, feedback, and user experience processes. These
modules ensure a seamless workflow from code submission to grading and feedback
generation, effectively supporting students and educators.

1. Grading Module: The Grading Module is the central component for analyzing
code submissions. Using the AST and Halstead Complexity metrics, this module
assesses:

a) Syntax and Semantics: ASTs enable the module to break down the code into
syntactic units, ensuring that syntax and logical structures adhere to program-
ming standards.

b) Readability and Complexity: By applying Halstead metrics, the module
quantifies complexity and readability. High complexity scores trigger feed-
back on potential simplification.

¢) Functional Correctness: To verify functional correctness, the module com-
pares the code’s output with expected results. If the output aligns, the code
passes the functional correctness check; otherwise, targeted suggestions are
given on code logic.

The Grading Module synthesizes these assessments to generate a final score,
factoring in whether the code works and how it is structured, making for a holistic
evaluation process.

2. Feedback Generation: This module transforms grading insights into actionable
feedback. Using TF-IDF and K-means clustering, the system identifies common
patterns or recurring issues within each submission cluster and provides relevant
feedback. Key functionalities include:

a) Targeted Comments: Feedback for low-performing clusters may include
foundational advice, while mid-level clusters receive tips on code optimiza-
tion.
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3.

b)

)

Improvement Suggestions: The feedback module generates specific guidance
based on TF-IDF analysis, pointing out unclear or incomplete comments and
suggesting terminology corrections or enhancements.

Error Correction Tips: For syntax errors detected via AST analysis, the
feedback includes possible fixes, such as correcting mismatched braces or
uninitialized variables. The system provides explanations and examples for
logical errors to help students resolve issues independently.

This detailed, customized feedback not only addresses issues in the code but also
helps students understand why these issues matter, reinforcing fundamental pro-
gramming principles.

Dashboard Interface: The Dashboard Interface serves as the main point of inter-
action for students and teachers. Key features include:

a)

b)

Student Dashboard: Students access grades, feedback, and detailed perfor-
mance analysis. The interface presents data in an organized, visually acces-
sible manner, enabling students to review feedback, track progress, and under-
stand areas for improvement.

Teacher Dashboard: Teachers can view an aggregated analysis of student
performance, making it easier to identify overall trends or common issues.
They can also access individual submissions for further review, add personal-
ized comments, and adjust scores if necessary.

Interactive Elements: The dashboard incorporates interactive features such
as a Q&A section, which allows students to ask follow-up questions, and a
feedback tab, where students can rate their experience or request clarification
on feedback.

Compiler and Execution Module: After students submit their assignments, this
module compiles and executes the code in a secure, sandboxed environment. It
ensures:

a)
b)

V)

Output Verification: Code output is tested against expected results to verify
accuracy.

Security: Using sandboxing, the system avoids potential security risks from
untrusted code.

Real-Time Execution Results: Execution feedback is returned instantly,
allowing for immediate error identification.

This module is beneficial for assignments requiring hands-on testing because
it verifies code functionality directly within the grading system, reducing manual
workload.

5. Error Handling and Notification: This module manages system errors, guiding
users through troubleshooting steps for failed submissions or syntax errors. It also
includes:
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a) Syntax and Semantic Error Identification: For each submission, the system
flags common issues such as unmatched parentheses, undeclared variables,
or misused operators.

b) Correction Suggestions: The error-handling module flags errors and sug-
gests corrections. For example, if a student leaves a variable uninitialized, the
system prompts them to add a value.

¢) Submission Notifications: When students submit assignments, the system
confirms them and highlights any detected issues before the final submission.
This prevents errors from affecting grading and allows students to revise their
code.

Each of these modules plays a critical role in ensuring GRAD-AI’s functional-
ity is a reliable and user-friendly automated grading tool. Altogether, they create an
integrated system that supports student learning, provides detailed and constructive
feedback, and reduces grading time for educators, helping foster a more interactive
and effective educational environment.

Table 4 provides an overview of the development tools utilized in implementing
the Al-based grading system, covering diverse functionalities. Visual Studio Code
functions as a versatile Integrated Development Environment (IDE) supporting mul-
tiple programming languages, Git and GitHub for version control and collaboration,
TensorFlow and PyTorch as open-source Al frameworks, Flask for web develop-
ment, HTML and CSS for frontend design, Firebase for cloud services, and Python’s
unittest or pytest for testing. These tools collectively facilitate various aspects of
the grading system’s development, including coding, version control, AI modeling,
frontend design, cloud integration, and testing using a Google Form for functional
testing.

Moving to the system requirements outlined in Table 5, these are essential specifi-
cations and capabilities that the Automated Grading Tool (AGT) must meet to fulfill
its intended functions effectively. These requirements include sufficient hardware,
compatible software, effective Al models and algorithms, an intuitive user interface,
and scalability. Ensuring powerful hardware, compatibility with major operating
systems, utilization of Al frameworks, well-trained models, Natural Language Pro-
cessing (NLP) capabilities, user-friendly design, and efficient performance is crucial
for achieving accurate grading and user satisfaction within the AGT.

The development process spanned approximately four months, with an addi-
tional two months allocated for the pilot implementation. Throughout this period,
the authors prioritized the creation of a user-friendly interface accessible to both
students and teachers/lecturers. Figures 7, 8, 9, 10 and 11 illustrate various function-
alities of the system:

e The Teacher and Admin Login Page is shown in Fig. 7. It serves as the first
point of access for teachers and administrators. Its main objective is to get users
accessing the grading system to provide their usernames and passwords. This
interface uses a robust server-side authentication method and acts as a gateway.
The system is intended to offer unambiguous and easily navigable error mes-
sages if login failures arise, enhancing the overall usability of the login proce-
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Fig.7 Teacher and admin login

page
Login
{% if error %}
{{ error }}
{% endif %}
Username:
Password:

dure. After successfully submitting the login form, the credentials are carefully
processed on the server to guarantee safe and verified access.

e Next, Fig. 8 presents the Teacher’s Dashboard, a feature-rich interface enabling
teachers to efficiently oversee and assess students’ tasks. Among the many fea-
tures available on the dashboard is the option for teachers to easily add comments
to their student’s grades and feedback. By encouraging a dynamic and interactive
feedback loop, this element improves the line of communication between teach-
ers/lecturers and students. To give teachers/lecturers a thorough perspective, the
dashboard also contains a tabular display of all students’ grades and feedback.
Additionally, the design includes user-friendly features like an easy-to-use logout
link that makes it easier for teachers to leave the dashboard when necessary.

e The Student’s Register/Login Page, a crucial interface that makes it easier for
students to interact with the grading system, is shown in Fig. 9. This page is a
user-friendly portal where students can enter essential details such as their name,
department, matriculation number, and academic standing. The form’s layout
guarantees a fast and effective procedure for gathering data. Most importantly,
the system is set up before a submission is made to verify that students have
entered the necessary information. The interface reacts with unambiguous and
easily recognizable error messages if any of the required fields are left blank.
This methodical approach to data entry improves the system’s ability to accu-
rately and thoroughly contain student information.

e The Student’s Dashboard, a dynamic and personalized interface designed to
meet each student’s specific needs, is explained in detail in Fig. 10. Students can
examine their information in the system in detail with this dashboard. Presenting
a randomly generated topic purposefully meant to elicit student participation is
one standout aspect. Students can actively participate by answering questions on
the dashboard and viewing information, thanks to its interactive aspect. This fea-
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Welcome, Teacher! z

Add Comments to Student Grades

Student Name:
Student Grade

Student Feedback

Students' Grades and Feedback

{% forstudent_name, sudent_data in students_data tems() %) (% endior %}

Student Name Grade Feedback
{{student_name )) {{ student_data grade )} {{ student_data feedback })
Student 1 {{random_graces{0] }} {{random_feedbacks(0]}}
Student 2 {{random_graces{t] }} {{random_feedbacks(1]}
Student 3 {{random_gradesf2] }} {{random_feedbacks(2] }}
Student 4 {{random_gradesf3] }} {{random_feedbacks(3] }}
Student§ {{random_grades}d] ) {{random_feedbacks(4] }

jout
{% macro random _grade() %} {{ random randin(0, 10) } % encacro %} {% maco random_feedback() %} Afte having successfuly constructe the firtforloop, s importat to be aware o the folowing consideraton: Attemp to implement anested for
1oop within the exising one o handle your second range of alues. Please bearin mind that you are requid to perform range of As you may have noticed, the frstfor loop has effeciively addressed the
firs range o vales. Nevertheless, to fully accompiish th task, you il need to incorporate a nsted for loop that comprehends th remaining range of val the ntial one. Once you this step, you can poceed o formaize:
your expression and subsecuently, proceed o pint it as you have previously executed. % endmacto %) {% set random_grades = [|%} {% set random_feedbacks = | %} % for _inrange(5) ) {% set_= random_grades.appendrandom_grade()) 4} (o set_
= random_feedbacks append{random_feedback()) %} (% endior %}

Fig. 8 Teacher’s dashboard

Fig.9 Student’s register/login
page

Student Information Form

Name:
Matriculation Number:
Department:

Level:

ture creates a setting that is favourable for students to submit answers for review
and evaluation. The dashboard design places a high value on user-centricity to
improve students’ overall grading system experience.

e Finally, Fig. 11 displays the Grade/Feedback Page, an essential tool for provid-
ing students with thorough information about their performance on assignment
questions. This page functions as an educational centre, providing grades and
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Welcome to Your Dashboard, abegunde Faith-jane

Matriculation Number: csc/2017/152
Department: computer
Level: 100

Question:

Write a Python program to display a multiplication table using for loop

Submit Answer

Fig. 10 Student’s dashboard

in-depth comments meant to help students improve their abilities and methods
for completing assignments. This page’s feedback is customized to each student’s
unique performance, making it a valuable tool for individualized learning. The
Grade/Feedback Page is essential to improving student learning outcomes in the
grading system since it provides helpful criticism and ideas for enhancement.

6 System testing, results and discussion

In this section, we focus on the detailed testing methodologies, evaluation criteria,
and the results obtained through GRAD-AI alongside a discussion on how these
results validate the system’s capabilities and highlight areas for potential improve-
ment. GRAD-AI was designed to address key challenges in grading programming
assignments, utilizing various Al techniques, including the Halstead Complexity
Measure, Term Frequency-Inverse Document Frequency (TF-IDF), Abstract Syntax
Trees (AST), and K-means clustering. These techniques ensure that the tool assesses
code quality and offers constructive, insightful feedback that facilitates learning.

The primary testing on the automated grading system focused on functional test-
ing, aiming to verify that the system operates according to its intended design and
meets the specified requirements. This involved assessing the grading mechanism’s
correctness, feedback accuracy, and the system’s ability to handle error scenarios
effectively. Figure 12 illustrates the questions posed to users through a Google Form,
and their responses are depicted in Fig. 13, capturing the essence of our functional
testing.

Under the umbrella of functional testing, various aspects were scrutinized:

1. Grading and Feedback:
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Fig. 11 Grade/feedback page

a)

b)

)

Your grade: 6/10

Your feedback:

After having successfully constructed the first for-
loop, it is important to be aware of the following
consideration: Attempt to implement a nested for-
loop within the existing one to handle your second
range of values. Please bear in mind that you are
required to perform a multiplication operation
between a range of values and another. As you may
have noticed, the first for-loop has effectively
addressed the first range of values. Nevertheless, to
fully accomplish the task, you will need to
incorporate a nested for-loop that comprehends the
remaining range of values to be multiplied by the
initial one. Once you have completed this step, you
can proceed to formalize your expression and
subsequently, proceed to print it as you have
previously executed.

Grading Consistency and Accuracy: We tested the grading system’s ability
to provide accurate scores based on code complexity, correctness, and rel-
evance. The system analyzed code submissions with the Halstead Complexity
Measure and AST to accomplish this. The Halstead metrics assessed code
complexity through variables like operator and operand counts within the
code, offering insight into the efficiency and readability of the student’s pro-
gramming approach, while the AST parsed code structure for correct syntax
and logical flow. The combination allowed GRAD-AI to evaluate student
code based on complexity and semantic structure. By examining the structure
deeper, AST processing ensures the code adheres to programming standards.
Feedback Quality: GRAD-AT’s feedback focused on code structure, syntax
errors, and improvement suggestions. By using TF-IDF on students’ code
comments and function descriptions, GRAD-AI could identify key areas
where students might struggle with terminology or understanding, enabling
it to provide suggestions for improvement. This metric evaluates textual
responses or code comments by comparing term relevance across multiple
submissions, enhancing the tool’s capability to detect similarities or original-
ity in student responses.

Clustering and Classification: Using K-means clustering, we tested GRAD-
AT’s ability to group submissions by error types and skill level, allowing
personalized feedback and categorizing submissions based on feature simi-
larities. This helps to standardize feedback for similar performance levels and
facilitates a fairer grading system. Clusters were formed based on complexity
and correctness, enabling the system to categorize students’ submissions and
tailor feedback to their needs. This clustering approach enhances the learning
experience by offering insights suited to individual progress levels.
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Fig. 12
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Fig. 13 Response from questionnaire for system evaluation
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Student Information

Fig. 14 A page showing a table containing the data of student information

Figure 14 clearly illustrates the system’s ability to assign reasonable and consist-
ent scores based on how well-submitted answers match expected solutions. This
careful examination showed that the system could correctly evaluate participants’
code solutions and provide marks that appropriately represented their comprehen-
sion and skill level in resolving the provided programming challenges. In addition,
the post-submission feedback given to participants—depicted in the exact figure—
was remarkably insightful and helpful. It went beyond the traditional grading model
by offering participants more than just a score; it also provided guidance on improv-
ing their solutions and pointed out areas that could be optimised. This intricate feed-
back system significantly improved the entire educational process and promoted a
more thorough comprehension of programming topics.

2. Error Handling:

GRAD-AT’s error-handling capabilities were tested extensively to ensure it could
identify syntax and semantic errors while providing meaningful corrective feedback.
Syntax errors, identified through AST analysis, were automatically flagged, and the
system offered specific fixes. For instance, the system flagged errors and suggested
corrections in mismatched parentheses or missing semicolons. Semantic errors, such
as improper use of data types or logical inconsistencies, were identified using clus-
tering and complexity analysis. This dual approach enabled GRAD-AI to provide
targeted feedback on syntactical and logical issues in code submissions.

Figure 15 and Fig. 16 demonstrate the system’s error-handling solid capabili-
ties and how well it can handle a variety of error scenarios, such as form submis-
sion errors. The system’s capacity to swiftly warn participants of any submission
problems emerged as a crucial strength, allowing for seamless fixes and resubmis-
sions without disturbing the entire review process. This feature emphasizes the
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Did you encounter any error while using the system or submitting the form?

Responses|

@ Yes
O No

Yes

No

Fig. 15 Pie chart showing occurrence of errors in system usage or form submission

@ Very Dissatisfied
@ Dissatsfied

@ Neutral

@ satisfied

@ Very Satisfied

Fig. 16 Pie chart demonstrating system error handling satisfaction

system’s dedication to offering a user-friendly and error-tolerant environment, as
shown in Table 6, improving user experience overall and reducing the likelihood of
disturbances.

3. Performance:

The outstanding performance of the automated grading system throughout
assessments resulted in participants receiving their answers quickly, promoting a
seamless and practical user experience, as in Figs. 17 and 18. Table 6 shows that
the excellent responsiveness demonstrated by the user interactions was crucial
in promoting user engagement and active participation. The system’s capacity
to process form inputs and answer submissions quickly and efficiently highlights
its technological prowess and adaptability to a wide variety of user interactions.
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This feature guarantees that participants can easily traverse the system, which
promotes effective participation in the evaluation process and adds to the overall
positive user experience.

4. Participant Feedback:

We collected feedback from students and teachers through a questionnaire to
evaluate user satisfaction. Metrics included user satisfaction with grading fair-
ness, feedback quality, and interface usability. The results revealed:

a) High Satisfaction with Grading Fairness: 85% of participants were satisfied
or very satisfied with the fairness of the grading system, indicating GRAD-ATI’s
effectiveness in consistently evaluating coding skills.

b) Positive Feedback on Interface: Most rated the interface intuitive and easy to
navigate, emphasizing the system’s user-friendly design.

c) Clarity in Feedback and Suggestions: The system’s feedback was praised for its
clarity and usefulness, with 81% of participants finding the feedback understand-
able and constructive.

Important information about essential facets of system functionality and
usability was gleaned from participant responses. Participants’ evaluations of
the user interface are shown in Fig. 19, where most of them rate it as "good"
or "excellent," as in Table 6, confirming its user-friendly layout. Positive user
experience is primarily influenced by how well the interface presents information
in an understandable and accessible way. Furthermore, as shown in Fig. 20 and
Table 6, 81% of participants thought the question presentation was understand-
able and straightforward. This result emphasizes how effectively the system pre-
sents evaluation questions so that participants may comprehend and find clarity in
the process.

In addition, Figure 21 explores participant satisfaction with the fairness of the
grading system and finds that 85% of participants indicated that they were either
"satisfied" or "very satisfied." This is an essential feature since it highlights how
well the system can distinguish participants based on their performance. The
distribution of grades is in line with the coding proficiency of the participants,
guaranteeing a just and impartial grading procedure. Positive participant feedback
highlights how well the system meets user expectations and maintains its efficacy
and fairness promises.

5. Participant Metrics:

System performance was assessed in terms of response time, reliability, and
scalability:

a) Response Time: The system’s ability to process and evaluate code was measured,
with an average response time for grading and feedback generation recorded at
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On a scale of 1 to 5, rate the overall performance of the application (1-Poor to 5-Excellent)

Responses
1

omooo

2
3
4
5

4

Fig. 17 Pie chart depicting application performance rating on a scale of 1 to 5 (1-Poor to 5-Excellent)

Did you experience any delays or slow response time while using the application?

Responses|

B Yes
B No

Yes

Fig. 18 Pie chart showing experience of delays or slow response times in application usage

approximately 500 ms per submission. This swift response supports real-time
feedback.

b) Reliability and Scalability: GRAD-AT’s reliability was measured through the
consistency of grades and feedback across multiple submissions. Scalability tests
showed that the system could handle increased loads without performance deg-
radation, making it suitable for classrooms with large numbers of students.

These measures guaranteed that participants would not have to wait long dur-
ing submission, highlighting the system’s effectiveness. The system’s capacity
to handle form submissions and provide timely answers substantially contributes
to users’ general happiness and engagement. Quick reaction times are essential
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Responses
[
| 2
2 m
| 4
O s
3
1
5
4
Fig. 19 Pie chart demonstrating evaluation of the system’s user interface
Fig.20 Pie chart demonstrating Responsed

the evaluation of the system’s B Yes
question understandability B No

for keeping users interested and ensuring they can get about the system quickly,
improving user experience overall.

6. Discussion on Results and Improvements

@ Springer



Education and Information Technologies

Responses
Very Dissatisfied
Dissatisfied
Neutral
Satisfied
Very Satisfied

OoREDO

Neutral

Dissatisfied

Very Dissatisfied

Satisfied Very Satisfied

Fig. 21 Pie chart demonstrating the evaluation of the system’s grading

The results show that GRAD-ALI fulfills its goal of providing automated, accurate,
and insightful grading for programming assignments. Its use of Al techniques has
proven effective in identifying both syntactic and semantic issues in code, and the
feedback generated offers substantial learning support.

7. Key Strengths

a) Accuracy and Consistency: Halstead metrics and AST ensured accurate
assessments of code complexity and syntax.

b) Detailed, Constructive Feedback: TF-IDF and clustering enabled tailored
feedback that students found valuable for improving coding skills.

c) Error Resilience: Robust error handling provided meaningful guidance on
common programming mistakes.

7 Limitations and implications of the research

The limitations of our research are six-fold. First, we submit that while GRAD-AI
has been tailored for the "Introduction to Python Programming" course, its applica-
bility to other programming languages and advanced topics has not been explored.
In particular, its applicability to more advanced programming concepts is untested,
potentially limiting its utility in broader computer science education contexts. This
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limitation may affect the generalizability of the tool across diverse programming
curricula.

The second limitation borders on dataset and context specificity. In particular, the
tool is developed and tested using data from the "Introduction to Python Program-
ming" courses at the Department of Computer Science and Engineering, Obafemi
Awolowo University, Ile-Ife, Nigeria. This specificity may affect the generalizability
of the tool to different educational contexts or institutions with different curricula.
Also, the tool’s effectiveness is measured against the introductory aspects of Python
programming as outlined in specific course manuals. This focus may not fully cap-
ture the breadth of knowledge and skills required in programming education.

Thirdly, it is about the dependence on specific Al techniques and interpretability.
The Al-driven assessment methods, such as the Halstead Complexity Measure and
K-means Clustering, may produce results that are not easily interpretable by educa-
tors, potentially leading to a disconnect between the automated feedback and the
educator’s pedagogical goals. The effectiveness and accuracy of these techniques
might not be optimal for all types of programming assignments or require adaptation
for other types of code or educational requirements. Also, the Al techniques used
for grading may not align perfectly with the course’s learning objectives, potentially
leading to a mismatch between what is being assessed and what is intended to be
taught. We hope to address this in our future work.

The fourth limitation is error detection. We noted that although GRAD-AI incor-
porates syntax and semantic error checks, the complexity of programming assign-
ments may lead to scenarios where the tool fails to detect nuanced errors or provide
adequate explanations for the feedback.

The fifth limitation is the requirement of internet connectivity, as the system relies
on an online web server for data storage and processing. This could pose challenges
in environments with limited or unreliable internet access, potentially restricting its
use in specific educational settings, especially in developing countries.

The sixth limitation is based on the human element or lack of human interaction.
Reliance on automated grading may inadvertently reduce the human interaction
between students and educators, which is crucial for addressing individual learning
needs and fostering a supportive educational environment. Although the tool aims
to provide automated grading and feedback, it may not fully capture the nuances of
human judgment in evaluating code quality and creativity. This could lead to a lack
of comprehensive feedback that students might receive from an experienced instruc-
tor, potentially affecting the learning experience.

8 Threats to validity

In this paper, we have identified five threats to validity. First, the internal validity of
the study could be threatened by potential biases in the dataset used for training and
testing the Al models. Ensuring a diverse and representative dataset and conducting
rigorous cross-validation can help mitigate this threat.

Second, the external validity of the study’s findings is based on its implementa-
tion within a single educational institution. The results may not be transferable to
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other institutions with different teaching methodologies, student demographics, or
resource availability. Therefore, conducting experiments and validations across mul-
tiple institutions and courses would help assess the tool’s generalizability.

Third, construct validity, where the metrics and methods used to evaluate the
tool’s performance might not fully capture the qualitative aspects of code quality
and student learning outcomes. Thus, incorporating additional qualitative assess-
ments and feedback from students and educators can enhance construct validity.

Fourth, GRAD-ATI’s reliability might be influenced by the consistency of its per-
formance across different versions of Python or changes in the curriculum. Hence,
regular updates and maintenance of the tool and extensive testing across different
environments can help ensure reliability.

The fifth is ethical considerations, as there may be ethical concerns related to data
privacy and the use of student data for training AI models. Implementing robust data
anonymization techniques and obtaining proper consent from students can address
these ethical concerns.

9 Future work

Although the "GRAD-AI" automated grading tool has yielded encouraging out-
comes, certain aspects still need improvement, as well as potential future develop-
ments, to maximize the programme’s functionality.

e Expanding the tool’s capacity to evaluate and grade assignments in program-
ming languages other than Python could increase its utility. This would cover a
wider variety of programming subjects and courses.

e Include a plagiarism detection function in the programme to guarantee that
the code submitted by students is unique. The instrument would preserve aca-
demic integrity and emphasize the importance of original work by pointing out
instances of academic dishonesty.

e Make constant improvements to the user interface to guarantee accessibility and
usability on various platforms and devices. In order to develop well-informed
design decisions that accommodate consumer preferences, do user testing and
collect feedback.

e Investigate using learning analytics to monitor students’ performance and
growth. This data-driven strategy would provide tailored feedback and support
and offer insightful information about each student’s unique learning needs.

e Consider integrating the automated grading tool with the educational institu-
tions’ current learning management systems. This would improve efficiency for
both professors and students by streamlining the assignment submission and
grading process.

In the immediate future, our plan for GRAD-AI is to establish a dedicated techni-
cal team and secure the necessary funding to take the research to the next level. We
aim to elevate the current solution, ensuring a seamless and enhanced user experi-
ence for teachers/lecturers and students who utilize Al-driven grading tools. With
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the formation of our proficient technical team and sufficient financial backing, we
aspire to explore innovative training methods and communication strategies. This
will enable us to identify and implement new deployment approaches, making the
integration of GRAD-AI into educational environments more effective and success-
ful. Ultimately, we aim to have GRAD-AI play a transformative role in the educa-
tional landscape, revolutionizing the grading process and contributing significantly
to an improved learning experience for students and teachers/lecturers alike.

10 Conclusion

This paper successfully achieved its objectives by creating an innovative and efficient
automated grading system. By utilizing Al techniques and characteristic extraction
methods, the tool showcased its ability to accurately assess and grade students’ code
submissions. The system’s prompt and detailed feedback has proven instrumental in
providing students with valuable insights into their assignments, empowering them
to identify areas for improvement and augment their overall learning outcomes.

The implementation of GRAD-AI underscored the advantages of incorporating
technology into the educational sector, streamlining the assessment and grading
processes, and fostering an interactive learning environment. The tool’s adaptability
to specific courses, exemplified by its effectiveness in "Introduction to Python Pro-
gramming," illustrates its potential for customization and applicability across vari-
ous educational domains.

As we gaze into the future of Al in education, the "GRAD-AI" automated grad-
ing tool stands as a pivotal step towards further advancements in this dynamic field.
Through continuous refinement and expansion of the tool’s capabilities, educators
can harness the power of Al to create more personalized and compelling learning
experiences. This, in turn, can elevate the overall quality of education, equipping
students with the skills needed for success in a technology-driven world.

Glossary

Abstract Syntax Tree (AST) A hierarchical tree representation of the abstract
syntactic structure of source code. ASTs help
parse the code, identify syntax errors, and ana-
lyze the logical flow of the program.

Artificial Intelligence (AI) The simulation of human cognitive processes by
machines, enabling them to perform tasks such as learn-
ing, reasoning, problem-solving, and adapting based on
data.

Automated Grading Tool (AGT) A software system designed to automatically
evaluate student assignments and provide grades
and feedback, reducing the need for manual
assessment.
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Deep Learning A subset of machine learning that uses neural networks with mul-
tiple layers (deep neural networks) to model complex patterns in
data. It is often applied in tasks like image recognition, speech
processing, and natural language understanding.

Halstead Complexity Measure A software metric that quantifies a program’s
complexity by analyzing its operators and oper-
ands, providing insight into code difficulty,
effort, and potential errors.

K-means Clustering is an unsupervised machine learning algorithm used to partition

data points into clusters based on their similarity In GRAD-AI, this technique

groups student code submis-
sions based on performance.

Machine Learning A branch of Al focused on building algorithms that allow
computers to learn from data and improve performance
over time without being explicitly programmed.

Natural Language Processing (NLP) A subfield of Al that deals with the
interaction between computers and
human language, enabling the machine
to understand, interpret, and generate
text meaningfully.

Neural Network A series of algorithms modeled after the human brain, designed

to recognize patterns in data. It consists of interconnected nodes
(neurons) that process data in layers.

Plagiarism Detection The process of identifying instances of copied content in
student submissions. In GRAD-AI, this involves analyz-
ing code similarities to ensure academic integrity.

Semantic Error A logical error in code that occurs when the code executes with-
out syntax errors but produces unintended results due to incorrect
logic or meaning.

Syntax Error A mistake in the source code that violates the programming lan-
guage’s grammatical rules, preventing the code from compiling or
executing correctly.

Term Frequency—Inverse Document Frequency (TF-IDF) A statistical meas-
ure used in text
analysis to evaluate
the importance of a
word in a document
relative to a collec-
tion of documents,
helping to identify
significant terms in
code comments or
documentation.

TensorFlow An open-source Al and machine learning framework developed
by Google, used for building and training neural network models.
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PyTorch An open-source deep learning framework developed by Facebook’s Al
Research team, used for applications like natural language processing and
computer vision.

Version Control System (Git) A tool used to manage changes in source code,
allowing multiple developers to collaborate on
the same project while maintaining a history of
changes.

Learning Management System (LMS) A software platform used for the
administration, documentation, track-
ing, and delivery of educational
courses or training programs.

Data availability The data utilized in this study, including student submissions and corresponding grad-
ing details for the "Introduction to Python Programming II" course at the Department of Computer Sci-
ence and Engineering, Obafemi Awolowo University, Ile-Ife, Nigeria, are available upon reasonable
request. The dataset comprises submissions from 50 students across five sections of assignments, with
a total of 250 entries. These data were used to develop and evaluate the GRAD-AI tool, an automated
grading system. Due to privacy and ethical considerations, access to the raw data is restricted and can be
granted for research purposes only, following the approval of the relevant ethics committee at Obafemi
Awolowo University. Interested researchers should contact the first author (Ishaya Gambo) to discuss
potential access.
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