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Abstract

This research proposes the development of an Entity-Relationship Diagram—PRO (ERD-
PRO) to assist students in understanding the concept of developing Entity-Relationship
Diagrams in designing a database. ERD-PRO is an Intelligent Tutoring System (ITS) that
is built using a mixed-initiative approach to address the learning challenges by adopting
Explainable Artificial Intelligence (XAI) concept to provide individualized and on-demand
feedback and guidance. The effectiveness of ERD-PRO is tested on 25 participants from
different educational institutions. Pre- development surveys are conducted to determine
learning needs and post-development surveys are performed to measure the success.
The results show that the design of ERD-PRO, guided by survey findings, successfully
addresses key challenges in database design education. 65% of students agreed that the
system’s explanation facilities effectively clarified difficult topics, and 90% expressed high
satisfaction with the tool. The integration of XAI features within ERD-PRO has enhanced
its ability to provide meaningful, scenario-based explanations, demonstrating its potential
as an effective intelligent tutoring system. These findings validate the effectiveness of ERD-
PRO in meeting its objectives and highlight its value in providing tailored explanations for
database design instruction.

Keywords: intelligent tutoring systems; database design; entity-relationship diagrams;
explainable AI; educational technology

1. Introduction
The Intelligent Tutoring Systems (ITSs) are designed to provide personalized instruc-

tion and feedback to learners, making education more effective and engaging [1]. Imple-
menting ITS for teaching databases had its significance to support students in integrating
knowledge about database concepts, building SQL codes, designing ERD and performing
table normalization [2–4]. According to Freeman & Zachar [5], a traditional ITS typically
comprises four major components including expert module, pedagogical module, student
module and user-interface module.

Active learning strategies, which directly engage the learner in the process of learning,
have been shown to improve knowledge retention and skill acquisition. Assessment strate-
gies, including pre- and post-tests, provide feedback on student learning and show where
further support is necessary [6]. Incorporation of such learning principles into intelligent
tutoring systems can be used to enhance one-on-one learning and assure instructional
interventions are effective and evidence-based [7].

An Entity-Relationship Diagram (ERD) is a pivotal component of the database
schema [8]. It is a visual model used widely to illustrate business entities, their attributes,
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and the relationship between them [1]. Sketching an ER model is the first step in the
database design process, which creates a logical Entity Relationship Diagram (ERD). It is
then transformed into a relational model followed by well-defined rules to be translated
into a physical database and aligned with a selected software platform for effective imple-
mentation [9]. Considering this as the essential step, it is our motivation to enhance the
learners’ learning experience in ERD design by developing ERD-PRO, a tutoring system
that provides explanation and reasoning support using a mixed-initiative approach as its
learning pedagogy [10,11].

A single mistake in designing an Entity-Relationship Diagram can cause significant
problems in the database [12]. The complexity of concepts and design rules poses a risk
that students may carry alternative views into their professional careers [13]. Consequently,
the outcome could lead to an erroneous data model. Rashkovits and Lavy [14] stated
that novice students correctly identify entities and attributes. However, they encounter
significant challenges in learning the connectivity of relationships and cardinality between
entities. Their research proposes to assist students with consultation tools to help construct
ERD as these students face issues of cognitive complexity, therefore allowing errors to occur.
The lack of immediate feedback and information overload creates confusion, especially in
data models crafted by students in the early stages of database learning, where errors and
inaccuracies may arise due to the complexity of the material and the way it is taught [15].
Alongside novice students, students of advanced database studies can sometimes create
suboptimal database designs due to the complexity of elements [16]. Such will require
them to assimilate and practice the design elements of ERD, thereby making the integration
of an ITS inevitable [14,17]. The implementation of Artificial Intelligence with ITS also
promises to enhance learning for the students [1], in a way that mirrors the rigor required
in designing accurate Entity Relationship Diagrams.

Research Questions

The present study aims to investigate the key challenges students face in designing
ERDs, and to develop a tutoring system (ERD-PRO) that addresses these challenges. The
resulting ERD-PRO uses a mixed-initiative approach by providing two complementary
components: an explanation module and a reasoning module, which together support stu-
dents’ understanding of ERD design. The research poses the following research questions,
which need to be addressed:

1. What are the challenges faced by students in designing ERDs?

How can ERD-PRO address those challenges?

2. Will the mixed-initiative approach improve the explanation and reasoning modules
in ERD-PRO?

3. What are the perceptions of students about ERD-PRO’s features related to explanation
and reasoning?

The research explored the challenges of database design by focusing on entity, attribute,
and relationship identification using ERD. It aims to improve the design of databases by
analyzing the approaches of beginners and advanced students and helping them expand
their use of ERD-PRO, along with offering insights to advance education and to guide best
practices for practitioners.

The following sections describe a literature review on Intelligent Tutoring Systems, the
concept of XAI, and how its integration with the ITS concept, research gap, the development
of ERD-PRO, its workflow and framework, and finally the research output and analysis.
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2. Literature Review
2.1. Intelligent Tutoring System for Database

Intelligent Tutoring System (ITS) enhances personalized learning using AI [18]. Ad-
vancements in ITS improve specific subjects significantly, providing one-on-one teaching
assistance, guiding problem-solving [19], and offering prompt feedback. It fosters intelli-
gent learning environments [5], reducing teacher intervention [1]. A typical ITS includes
a student, tutor, and domain model, with a user interface for communication [20]. The
learner model identifies student nuances to provide precise responses, the tutor model
employs advanced strategies to guide, and the domain model offers educational content.
The goal is to effectively acquire domain-specific knowledge. ITS is part of AI in Education
(AIED) [21], emphasizing personalized instructions using interactive methods [22]. Studies
show ITS effectiveness over traditional teaching, especially in STEM [19,23].

Intelligent tutoring programs that include AI-enabled functions and capabilities in
problem-solving enhance interactive learning engagement [19]. They differ from tradi-
tional computer-based instructions, which lack the problem-solving capabilities essen-
tial for aligning with pedagogical theories [20]. Modern ITS focuses on active learning
theories, such as situated learning and cognitive processes [22], emphasizing student en-
gagement over passive instruction [18]. ITS delivers tailored, immediate instructions or
feedback [10], using cognitive science and AI to aid skill acquisition [24]. They emulate
human tutors by adapting methods to student abilities, supporting individual adaptation in
educational processes [22].

Despite its efficiency, some research indicates that this approach leads to shallow
knowledge and difficulty in applying it to new challenges [20,22]. Metacognitive activi-
ties like self-explanation and reflection can overcome these issues [25]. Self-explanation
helps individuals clarify new information [5], refining knowledge for future use. Tu-
toring dialogues, supporting self-explanation and reflection, are used in many ITS for
deeper learning [24].

ITS development faces challenges in accurately portraying and assessing a student’s
cognitive state and requirements amid imprecise data, deploying AI techniques like
Bayesian networks, neural networks, fuzzy logic, and rule-based systems are neces-
sary [18,21]. AI technologies, such as natural language processing and machine learning,
have been employed to understand students’ learning difficulties and provide personalized
recommendations. XAI programs aim to make machine learning processes explainable and
comprehensible, akin to ERD modeling explanations [20].

2.2. Explainable AI (XAI)

XAI, or Explainable AI, aims to make machine learning processes transparent and
understandable, which is particularly critical in finance and healthcare [26]. This approach
addresses the drawbacks of traditional AI by emphasizing accountability, traceability,
and interoperability [21,27]. Interpreting and explaining machine learning algorithms to
improve them and ensure accountability is essential [17]. XAI is prevalent in deep learning
libraries like Google Collab, with frameworks focusing on interpretability criteria such as
usability, causality, and reliability, shaping the field [23,27,28].

The goal of XAI is to empower end users to trust, understand, and manage ad-
vanced AI systems by developing explainable machine learning techniques through ef-
fective explanation methods [26]. This fosters greater reliance on AI decisions, actions,
and recommendations, achievable only with a clear understanding of the system’s ratio-
nale [27]. XAI also emphasizes the autonomy of decision policies in autonomous systems,
data analytics, and multimedia event classification, resolving issues in reinforcement and
supervised learning [23].
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Lamy et al. [29] describe how intelligent systems, created with the aid of XAI, explain
their recommendations by interpreting predictions for less understandable algorithms
and interpretable models, such as rule-based ones. Visualization, presenting information
in a visual format, is another effective approach [27]. XAI in ITS for database design is
implemented differently, emphasizing detailed step-by-step explanations to enhance stu-
dents’ understanding of Entity-Relationship Diagram (ERD) development. This approach
ensures that each step in the design process is clearly demonstrated, providing students
with insights into the reasoning behind each decision. By making the underlying logic of
ERD development transparent, students can better understand the complexities involved,
thereby improving their ability to accurately identify entities, attributes, and relationships.
This method not only clarifies complex concepts but also builds students’ confidence and
competence in applying these skills to real-world scenarios.

2.3. XAI and ITS

Adopting XAI in ITS is essential in various ways. XAI addresses challenges related
to learner agency and noisy learning data [21], driven by stakeholder requirements for
explanations in education [30]. Educators need explanations to diagnose class focus insights,
provide individual feedback, ensure accountability, and consult parents. Student feedback
helps improve learning, motivation, and self-esteem [31]. Teacher feedback evaluates
teaching effectiveness, learning design, and individual student needs [32]. Data-backed
explanations support decision-making, improve efforts, and develop institutional profiles
aiding administrators [33].

In military training, XAI asks users about entities and events in past simulations [5].
Effective XAI systems prompt users to ask questions and understand answers, improving
based on past interactions [20]. Personalized learning benefits from understanding the
“why” of predictions for tailored support [21]. Educational software explains the “what”
and “why” to learners, building trust and usefulness [30].

XAI in education combines artificial intelligence, Human-Centered AI, and Human–
Computer Interaction. The XAI-ED framework includes six factors: human-centered design,
model classes, explainable presentation approaches, roles, stakeholders, and potential
drawbacks [21,30]. ITSs usually avoid detailed XAI techniques but aim to be helpful and
explain generally [31]. The role of AI and XAI in evolving ITSs in education and training
is crucial, emphasizing self-monitoring and reflection [21–23,25]. AI developments form
the basis for smarter ITS, focusing on improving explainable model predictions [33]. Early
XAI explanations were static; recent research shows the need for interaction, context, task,
and user consideration [25]. Maintaining communication between users and AI requires a
shared language, such as NLP, simulations, and graphics [5].

The concept of XAI in ITS extends beyond technical interpretability to traditional
pedagogical transparency, such as Open Learner Models (OLMs), which display the sys-
tem’s assessment of a student’s knowledge and abilities. However, the concept of XAI
is to embed explanations directly into the adaptive hinting mechanism of the ITS. Our
work has adapted this concept from the work by Conati et al. [27] on the Adaptive CSP or
ACSP applet for learning constraint satisfaction problems in which the explanations were
designed around two dimensions:

• Why explanations: describing the reasons a particular hint was given (e.g., why the
student was classified as a “lower learner” at that point).

• How explanations: describing the processes to generate the hint (e.g., how the system
scored user behavior and ranked possible hints).

These explanations improve not only student comprehension of the domain but
also their trust and acceptance of the tutor’s guidance, while highlighting the need for
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personalization because not all students benefit equally from the same type of explanation.
Students could click an “Explain Hint” button to receive layered explanations. For example:

• Why am I delivered this hint? → explained the user’s classification and
related behaviors.

• Why am I predicted to be lower learning? → linked the student’s actions to specific
rules and weights.

• How was my hint chosen? → showed the ranking process among candidate hints.

Based on the conceptual approach of XAI by Conati et al. [27], the approach taken
by ERD-PRO is to provide two levels of hint which are Reasons and Explanations. The
Reasons justifiy the choices suggested by the system in the context of the scenario while
the Explanations provide broader context of the choices. For example, the car plate number
may be use characters as the data type since the context of the scenario used alphanumeric
(Reasons), however, in broader sense the car plate number may use both numeric or
character data type. These two hints are separated with the purpose of recognizing the two
levels of conceptual understanding of the student. The demonstration of XAI-based ITS on
ERD-PRO is described in ERD-PRO section.

2.4. Research Gap

Although XAI and ITS witness significant advancements but various challenges still
hinder personalized delivery of content devoid of meaningful and adaptive explana-
tions [34]. For instance, Melo et al. [31] mention that most XAI systems rely on a rigid
question-answer paradigm, which lacks meaningful information exchange. While Clancy
and Hoffman [20] stated that explanations are often generic, they cannot therefore adapt
to the diverse understanding capacities of learners. In short, existing models struggle
with explaining complex processes, especially those related to visual content. Sharma [35]
emphasized that effective ITS systems should use instructional principles by promoting self-
explanations to develop deep learning. Elmadani et al. [24] emphasize the use of ITS logs
and analysis of students’ behavior to support timely interventions and error predictions.
This research gap presents opportunities for ERD-PRO to provide tailored explanations,
such as user-adapted and scenario-specific explanations, thereby enhancing relevance and
engagement. Collaborative content creation integrated with crowd sourcing to improve
the quality and diversity of explanations and granular learning. This approach offers
explanations with different levels of depth suited to individual needs.

3. Research Methodology
The study employed a mixed-methods research design to evaluate the efficacy of

ERD-PRO as an Intelligent Tutoring System (ITS) for database instruction. The research
design consisted of two phases: a pre-development survey, which aimed to identify the
challenges faced by students in ER diagram design, and a post-development survey that
quantitatively assessed the extent to which ERD-PRO addressed these challenges (kindly
refer to Appendices A and B, respectively). The combination of qualitative and quan-
titative methods was useful to realize the complicated character of learning because it
allowed for both careful exploration of students’ difficulties and measurable evidence
of improvement [36].

3.1. Theoretical or Conceptual Framework

Three complementary conceptual frameworks were backing the research. First, the
use of a mixed-methods design permitted a deeper and more balanced understanding
of the problem [37], combining the exploratory capability of qualitative inquiry with
the systematic vigor of quantitative measurement [38]. Second, Constructive Learning
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Theory [39] informed ERD-PRO’s design by emphasizing engaged participation in the
construction of knowledge. The system was designed to enable students to repeat and
replicate, experiment with solutions, and receive immediate feedback and guidance, all
of which facilitate the process of creating a deeper understanding. Bloom’s Taxonomy
also offered a model for assessing learning outcomes [40], namely the progression from
low-order recall of ERD material to higher-order skills, such as analysis, application, and
evaluation. Both perspectives combined establish the tone for ERD-PRO design and its
assessment here.

3.2. Participant’s Sampling

Participants were sampled for a specific purpose with the support of a homogeneous
method to enable the sharing of relevant academic characteristics [38,39]. The homogeneous
technique was applied to ensure that all participants shared the relevant academic char-
acteristics required for meaningful comparison, complementing the purposive sampling
criteria and providing a more focused sample of students with comparable knowledge of
ER diagrams. Students were qualified if they had a CGPA of over 3.0, which reflects good
academic standing and is roughly equivalent to a B or higher in the US 4.0 GPA system [41].
Advanced learners were also expected to have a minimum grade of B+ in an introductory
database course. Recruitment was conducted with the agreement of two universities, one
in the United Arab Emirates and the other in Malaysia, and participation was entirely
voluntary. These requirements ensured that respondents had sufficient familiarity with ER
diagrams to provide informed opinions and accurately represent the targeted user group.

Because of these limitations, the sample population was necessarily small, consis-
tent with current research that employs purposive sampling in expert environments [38].
Twelve students volunteered to take part. To balance for variation in prior knowledge, the
sample was stratified into novice and advanced learners: the latter were taking first-level
database courses like CS266, CS264, CS240, CS255, and CS230, whereas the former were
taking advanced-level database subjects. This division was required for capturing vari-
ation in perceptions among individuals with minimal knowledge and those possessing
more expertise [39].

3.3. Data Collection

The pre-development survey was conducted with the objective of determining the key
problems students faced in ERD design. It focused on areas such as identifying relevant
entities and attributes, defining relationships, applying cardinalities, and applying business
rules. Semi-structured interviews were conducted with upper-level students from both
institutions, as the students were already familiar with ERD concepts and could therefore
comment effectively on areas for improvement. The interview guide was piloted with
faculty experts to ensure relevance and clarity, and with a small group of students prior
to the main study. Ethical practices were maintained throughout, including obtaining
informed consent, ensuring voluntary participation, and maintaining the confidentiality
of responses.

The post-development survey was administered after students had utilized ERD-PRO.
To ensure appropriate exposure, each student was required to use the system to solve at least
ten practice cases before completing the survey. The instrument was developed primarily
as an official quantitative survey, where closed-ended questions addressed various aspects
such as ease of use, understanding the ERD concept, usefulness of feedback, and confidence
in ERD design. Some open-ended questions were incorporated, but they supplemented
the quantitative analysis and were not part of an independent strand of analysis. Like the
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pre-development survey, the instrument was reviewed by faculty experts, pilot-tested with
a small group of students, and administered under strict ethical guidelines.

Figure 1 illustrates the overall research methodology at various stages, leading to the
development of ERD-PRO, including the pre-development survey phase, development
phase, deployment of ERD-PRO, and post-development survey phase, as outlined.

Pre-development 
phase

• Survey on ERD 
challenges

• Experience 
students

Development 
phase

• Development of 
ERD-PRO 

• Guidelines 
based on the 
survey in Pre-
development 
phase

Deployment of 
ERD-PRO

• Utilization 
period: 1 
semester

• Sample: 
experienced 
database 
student and 
novice database 
student

Post-development 
phase

• Survey on ERD 
usefulness

• Sample: 
experienced 
database 
student and 
novice database 
student

Figure 1. Research Methodology Process Flow.

3.4. Data Analysis

Data analysis followed the mixed-methods design. Interview data prior to devel-
opment were transcribed and analyzed thematically, with particular attention paid to
recurring problems in ERD design such as misinterpretation of composite entities, multi-
valued attributes, and many-to-many relationships. Coding revealed patterns of difficulty
that directed the ERD-PRO design.

Post-development data were analyzed quantitatively. Survey data were examined
with descriptive statistics, including frequencies, percentages, and mean scores, to inform
student attitudes toward the effectiveness of ERD-PRO. Novice and advanced learners
were contrasted in the hope of establishing experience differences between groups. Sta-
tistical tests were selected where appropriate, according to the data distribution, utilizing
parametric or non-parametric methods as necessary, to provide a valid interpretation.
Although some open-ended comments were obtained, these were kept as example cases
and not systematically analyzed, since the main emphasis of the post-development survey
was quantitative.

3.5. Survey Instrument

The survey tool was pretested via expert review among faculty members in database
education to ascertain content clarity and importance. Piloting of the survey instrument
was conducted using a sample of small-sized students prior to the main study to test the
items. Ethical practices were strictly observed, involving informed consent, voluntary
agreement, and confidentiality of answers.

3.6. Survey Content

The pre-development survey was designed to identify students’ challenges in ERD de-
sign, covering topics such as common ERD concepts, selection of primary and multivalued
attributes, determining suitable relationships, avoiding redundancy, and assessing difficulty
levels for various ERD components using Likert scales and multiple-choice questions.

The post-development survey evaluated students’ experiences using ERD-PRO, includ-
ing the usefulness of explanations and reasoning, scenario clarity, challenges encountered,
and overall recommendation of the system. Both surveys aimed to capture students’ per-
ceptions and experiences, providing insights into the usability and learning impact of
ERD-PRO. The full list of survey questions is provided in Appendices A and B.
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4. ERD-PRO
This ERD-PRO is expected to be an essential learning tool, transforming the compre-

hension of the complex realm of Entity Relationship Diagrams (ERDs) with intelligent
teaching, explanation, and reasoning algorithms, as well as an easy-to-use design interface.
The Intelligent Tutoring System of ERD-PRO aims to be the dynamic educational compan-
ion of database students. It is designed to significantly enhance the learning experience by
diving into the details of ERD mechanisms. The system serves as a structured and intuitive
platform in the learning landscape of ERD, where complexity and ambiguity often hinder
understanding. The system has two modes: instructor and student. The student mode is
designed to guide users seamlessly through the ERD creation process, offering autonomy
to explore and expert assistance as needed. While in instructor mode, the instructors can
create sample scenarios of entity relationships to help students understand various aspects
through reasoning and explanation.

For instance, the instructor needs to create a code to the scenario, title, difficulty level,
and scenario explanation as shown in Figure 2. The title is Learning Management System
(LMS), the difficulty level of this scenario is “Difficult”, and the scenario paragraph explains
how LMS works. The creation of the scenario is shown in Figure 2. The scenarios were
created at the administration level, and these scenarios will be cascaded down to every
instructor’s account. Each instructor has the freedom to make changes to the scenario, at-
tributes, entities, data types, business rules, and also the text in the Reason and Explanation.
The changes at each instructor level will remain in his/her domain and will not affect the
source at the administrator level.

Figure 2. Scenario Description—Instructor Mode.

In the following step, the instructor needs to create entities. As Figure 3 shows,
entities related to LMS have been created, including Student, Courses, Instructors, and
Assessments, and each entity is assigned a unique Record ID. The entities, however, can be
deleted or edited.

Figure 3. Describing Entities—Instructor Mode.
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Figure 4 illustrates the need to manually provide the reasons along with explanations
for each entity. The reason for the Student entity is that it “represents the users who enroll
in and participate in courses”, while its explanation is, “individuals who register for courses
to gain knowledge and skills in specific subjects”.

Figure 4. Reason and Explanation about Entities—Instructor Mod.

It then needs to assign attributes as shown in Figure 5. For instance, the attributes for
the Student entity include StudentID, Name, Email, and EnrollmentDate.

Figure 5. Attribute Assignment—Instructor Mode.

For each entity, reasons and explanations (Figure 6) are provided for each attribute,
allowing students to understand how attributes are determined. For example, StudentID
attribute uniquely identifies each student in the system for tracking and data integrity.
StudentID ensures that each student can be accurately referenced and distinguished from
others in all databases and operations.
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Figure 6. Reasons and Explanations for Attributes—Instructor Mode.

The assignment of a data type to an attribute is optional, as shown in Figure 7. For
example, the attribute of StudentID is usually a primary key, often in the form of an integer.

Figure 7. Attribute Types Assignment—Instructor Mode.

The assignment of attribute type is followed by the assignment of relationships, as
shown in Figure 8. For instance, a Student entity can enroll in one or more courses, where a
Course is another entity. This means a Student entity can have one or more relationships
with a Course entity, and vice versa. While the entity of Course has one and only one
relationship with the course, like each Course can be taught by one and only one instructor.

Figure 8. Assigning Relations—Instructor Mode.
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In ERD-PRO, the instructor must provide an explanation for each relationship, as
shown in Figure 9. The reason for “One and Many/More” relationship between Student
and Course entities is that “each course is taught by one instructor, but an instructor can
teach multiple courses”.

Figure 9. Reasons and Explanations while Assigning Relations—Instructor Mode.

Lastly, Figure 10 shows the assignment of business rules, which must be aligned with
the ERD itself.

Figure 10. Assigning Business Rules—Instructor Mode.

In student mode, ERD-PRO focuses on practical application by allowing students to
select from various ERD scenarios available (refer to Figure 11), such as library management
systems and clinician offices. The system helps students to learn ERD development by
bridging the gap between theory and real-world application. Each stage offers hands-on
exercise, ensuring concepts are learned, deeply understood, and internalized.

Figure 11. List of Tasks to Perform—Student Mode.
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The entity creation stage has a contextual help box that transforms potential road-
blocks into learning opportunities. This stage encourages students to generate entities
independently (refer to Figure 12) and provide insightful suggestions to foster a dynamic
and collaborative learning environment.

Figure 12. Assignment of Entities—Student Mode.

An intuitive help box provides entity suggestions with names, reasons, and explana-
tions (refer to Figures 13 and 14). For example, a prompt for the entity “book” includes
rational and detailed insights. Students are free to opt for suggested entities or unleash
their imagination.

 

Figure 13. Reason for Suggestion of Certain Entity—Student Mode.

 

Figure 14. Explanation for Suggestion of Certain Entity—Student Model.
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The attribution stage helps students to assign attributes for the chosen identity (refer
to Figure 15), or they can request help to get suggestions.

 

Figure 15. Assignment of Attributes—Student Mode.

The system will offer related suggestions such as ISBN, Author Name, and Book Title
alongside readily availability for any uncertainties (Figures 16 and 17).

 

Figure 16. Reason for Suggesting Certain Attribute—Student Mode.

 

Figure 17. Explanation for Suggesting Certain Attribute—Student Mode.

Moving on to the next stage, students are required to assign specific types to attributes
or ask for help to obtain the appropriate types, accompanied by explanations and reasoning
to enhance understanding. However, this requirement is optional. Both the attribute cre-
ation and type assignment stages offer a tangible aspect to abstract concepts. Subsequently,
students need to define the relationship between entities (refer to Figure 18), and this
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stage allows them to set cardinalities while offering suggestions. For instance, establish a
one-to-many relationship between a book and a publisher by specifying that one book can
be associated with only one publisher. Still, a publisher can have multiple related books.

 

Figure 18. Defining Relationships—Student Mode.

Here, students will grasp the theoretical aspects of relationships and can view results
through diagrams with and without attributes (as shown in Figure 19). Lastly, ERD-PRO
requires students to set business rules, which is also an optional task.

Figure 19. Automatically Created ERD based on defined entities and their relationships.

In short, ERD-PRO not only focuses on coaching but also empowers students to apply
knowledge by creating entities and attributes, assigning types, and mirroring their decisions
in a real-world scenario. Therefore, it prompts critical thinking and decision-making by
applying the acquired knowledge in a practical context. In short, it is a transformative
tool that equips students with the theoretical knowledge and practical expertise needed to
navigate the complexities of ERD creation with confidence and proficiency.
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ERD-PRO Framework with XAI Concept

As the framework in Figure 20 describes, the tutor creates scenarios and appropriate
design elements for each scenario, including entities and cardinalities. The student can use
these scenarios or create new ones to practice ERD. The student’s interaction will be saved
in the database, and these files must be transferred to an external XAI system for analysis.
The tutor will analyze the students’ progress reports and formulate policies to improve.

Tutor 

Library of Scenarios 

Design Elements 

Explanation & Rea-

soning 

Database to save stu-

dent interaction with 

ITS 

Student 

Policies to Improve SHAP and Lime 

 

Figure 20. ERD PRO Framework.

5. Research Findings and Discussion
5.1. Pre-Development Survey

The pre-development survey employed open-ended questions in order to gather
students’ experiences and challenges with ERD design. Comments were theme-coded
and grouped through thematic analysis, where common issues were tagged and grouped.
One student responded, for example, “I’m confused between composite attributes and
entities—I’m never sure which one to apply”. Another student stated, “I don’t fully see
why we need bridge entities; I usually just join the tables together”.

Through the responses, there were similarities: (1) difficulties in understanding com-
posite objects, bridge objects, and multivalued attributes; (2) difficulties in properly speci-
fying many-to-many relations; and (3) misunderstandings about primary key constraints
and the elimination of redundancy. These findings suggest that more dynamic and interac-
tive teaching techniques are the solution, as conventional teaching often fosters one-way
communication and limits discovery.

5.2. Post-Development Findings

According to the findings of a preliminary assessment, common problems included
confusion in identifying entities and relationships, avoiding redundancy in relationships,
and difficulty working with complex concepts such as composite entities and multivalued
attributes. It therefore guided the design and functionality of ERD-PRO by incorporating
targeted features such as step-by-step guidance, immediate feedback, and practice scenarios
specifically addressing the challenges identified in the pre-development survey. Analysis of
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the feedback provided by students after the implementation of ERD-PRO suggests potential
improvements in their learning process and confidence in ERD design. It is important to
note that the data collected reflects students’ perceptions of the tool’s usefulness rather
than objective measures of learning outcomes. The same cohort of students participated in
both the pre-development survey and the post-implementation feedback, allowing us to
track their reported experiences and perceived growth. While these subjective assessments
indicate that ERD-PRO was generally well-received, with 50% of students rating it as
“Somewhat easy to use” in helping them understand the main ideas of ERDs. While
33% called it “Easy to Use” and 17% said it’s “Not Easy to Use” (Figure 21). Therefore,
further studies using objective performance metrics would be needed to confirm its actual
effectiveness in improving ERD skills.

 

Not Easy
17%

Somewhat
50%

Easy to use
33%

Describe your experience in using ERD-PRO to 
create Entity Relationship Diagram?

Not Easy

Somewhat

Easy to use

Figure 21. Overall experience of students with ERD-PRO.

Figure 22 shows students’ self-reported understanding of complex ERD concepts
after using ERD-PRO. Responses on the Likert scale were: 7% ‘Not Improved at All’, 13%
‘Not Improved’, 33% ‘Neutral’, and 47% ‘Improved’ or ‘Significantly Improved’. These
results highlight students’ perceptions of the tool’s usefulness in supporting their analytical
approach, although further evaluation with objective measures would be necessary to
confirm actual learning gains.

 

47%

33%

13%

7%

0% 10% 20% 30% 40% 50%

Significantly Improved

Improved

Neutral

Not Improved

Not Improved at all

To what extent did ERD-PRO improve your 
understanding of complex ERD concepts such as 
composite entities and multivalued attributes?

Figure 22. Improvement in Understanding ERD Concepts.

The third question aimed to determine the extent to which the explanations and reason-
ing provided by ERD-PRO aided students in understanding complex ERD concepts, such
as composite entities and multivalued attributes. A strong majority (63%) of the students
reported that the explanations and reasoning features either “Significantly Improved” or
“Improved” their understanding of these concepts (Figure 23). These findings suggest that
students perceived the explanatory features of ERD-PRO as helpful in making complex
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ERD topics more approachable. However, further empirical studies would be required
to determine whether these perceptions translate into measurable improvements in deep
learning of advanced ERD components.

 

33%

30%

17%

10%

10%

Significanty Improved

Improved

Neutral

Not Improved

Not Improved at all

Did the Reason and Explanation provided by ERD-PRO help 
you to improve your knowledge concerning ERD design in 
terms of choosing the right entities, attributes, attribute types, 
relationships and writing business rules?

Figure 23. Effectiveness of Reasoning and Explanation.

In one of the questions, students were asked how confident they felt in designing
ERDs after using ERD-PRO compared to their prior experience. Results showed that 80% of
the students reported feeling “Much Confident” or “Confident” in their ability to design
ERDs after using the software (Figure 24). These findings indicate that ERD-PRO was
perceived by the majority of students as contributing to an increased sense of confidence
in ERD design. However, it is important to note that this result reflects students’ self-
reported confidence and does not directly measure their ability to independently apply
ERD concepts.

 

20%

60%

0

10% 10%

0%

10%

20%

30%

40%

50%

60%

70%

Much
Confident

Confident Neutral Not Confident Not Confident
at all

How confident do you feel in designing ERDs after using ERD-
PRO compared to your prior experience?

Figure 24. Improvement in Confidence Level.

When students were asked, “How well did ERD-PRO address the challenges you
previously faced in ERD design such as understanding of relationships and redundancy
avoidance?”, about 65% reported that ERD-PRO “Completely Addressed” or “Mostly
Addressed” these specific difficulties (Figure 25). This positive feedback suggests that
ERD-PRO may be useful in helping students overcome challenges particularly related to
understanding relationships and avoiding redundancy in ERD design. However, these
findings cannot be generalized to all possible ERD challenges, as the question specifically
focused on these two areas.
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30%
35%

25%

10%

0%
5%

10%
15%
20%
25%
30%
35%
40%

Completely
Addressed

Mostly
Addressed

Neutral Minimally
Addressed

Not
Addressed at

all

How well did ERD-PRO address the challenges you 
previously faced in ERD design such as understanding of 

relationships and redundancy avoidance?” 

Figure 25. Addressing challenges related to ERD understanding.

Students were asked if they thought the step-by-step guidance given to them by ERD-
PRO was helpful for them in the process of learning. Approximately 75% of the students
believe that “Strongly Agreed” or “Agreed” step-by-step guidance was helpful. It can be
observed that students also appreciate the guided learning approach followed by ERD-PRO.
It thus suggests that with the structured and incremental approach toward learning, their
comprehension is better in keeping the complexities of ERD design (Figure 26).

 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Strongly Agree Agree Neutral Disagree Strongly
Disagree

To what extent do you agree that the step-by-step guidance provided 
by ERD-PRO was helpful in your learning process?

Figure 26. Step-by-step guidance provided by ERD-PRO.

Participating students were asked to respond to the degree ERD-PRO helped them
apply ERD concepts to real database design problems. About 65% of the students responded
that this helped them either “Greatly Helped” or “Helped” as shown in Figure 27. This
result indicates whether ERD-PRO is effective in bridging the gap between theoretical
knowledge and practical applications. The positive impact on solving problems from real
life suggests that this tool contains relevant and practical knowledge that students can
transfer to real database design tasks.
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25%
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40%

Greatly Helped Helped Neutral Slightly Helped Did Not Help

To what extent did ERD-PRO help you in applying 
ERD concepts to real database design problems?

Figure 27. Extent of ERD-PRO in applying ERD concepts to real database design problems.

They were also asked to describe the feedback provided by ERD-PRO, which was used
to assess the effectiveness of the given hints, suggestions, and corrections in improving their
understanding and skills in ERD design. About 70% described the feedback as “Extremely
Useful” or “Very Useful” as shown in Figure 28. Positive feedback indicates that the
corrective and guiding abilities of ERD-PRO effectively reinforce learning. Arguably, the
most important aspect for students is that feedback is immediate, helping them correct
mistakes by providing an explanation of the correct solution. Moreover, one student said,
“the suggestions help him clear his doubts and ambiguities about assigning attributes to
entities”. It was easier to establish relationships between entities because these suggestions
facilitated the creation of an ideal system diagram without external interference from the
student. Another student described the experience of learning new things about ERD and
its various aspects, including the requirements for assigning attributes and their types. They
believed that repeatedly using the tool’s help added to their understanding and efficiency
in creating complex ERDs because it reinforces learning and concept development.

 

0%

10%

20%

30%

40%

50%

Extremely Useful Very Useful Moderately
Useful

Slightly Useful Not Useful

How useful was the feedback (hints, suggestions, 
and corrections) provided by ERD-PRO in 

improving your understanding and skills in ERD 
design?

Figure 28. Usefulness of feedback in improving your understanding and skills in ERD design?.

Participating students queried how likely they were going to recommend ERD-PRO to
other students for learning ERD concepts. Over 90% of students indicated they were “Very
Likely” or “Likely” to recommend ERD-PRO to others (Figure 29). The strong likelihood
of recommendation reflects high overall satisfaction with ERD-PRO. This suggests that
students believe the software is a valuable resource for others seeking to learn ERD concepts,
indicating a strong endorsement of its educational benefits.
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to understand how to design an ERD?

Figure 29. Likely recommending ERD-PRO to others.

The last question of the survey aimed to investigate how frequently students would
use ERD-PRO if it were incorporated into database courses. Results showed that 50% of
respondents indicated they would use it “Frequently”, 17% “Very Frequently”, and 33%
“Occasionally”, with no respondents selecting “Rarely” or “Never” (Figure 30). These
responses highlight students’ perceptions of ERD-PRO’s potential usefulness in supporting
database learning. However, it is important to note that these are self-reported intentions
of future use rather than data on actual usage patterns. Additional system log data would
be needed to substantiate the frequency of actual use and to compare it with students’
perceived frequency.

 

Very 
Frequently, 

17%Frequently, 50% Occasionally, 33%

If ERD-PRO were incorporated into your database courses, how frequently 
would you use it?

Very Frequently Frequently Occasionally Rarely Never

Figure 30. Usage Frequency.

6. Implications for Practitioners
The findings of this study have several important implications for instructors teaching

database concepts. First, ERD-PRO’s incremental progress and reasoning capabilities can
be incorporated into database classes as a supplementary tool, allowing instructors to
transition from one-way lecturing to more exploratory and interactive learning environ-
ments. The positive student feedback indicates that the integration of intelligent tutoring
systems can significantly enhance understanding of complex ERD concepts, particularly
in subject matter areas where misconceptions are likely to prevail (e.g., composite objects,
relationships, and redundancy avoidance). Second, the teacher mode in ERD-PRO allows
educators to define individualized scenarios according to their own curriculum, providing
tailored practice experience targeted at individual student weaknesses. Finally, through the
encouragement of immediate feedback and independent discovery, ERD-PRO supports ac-
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tive learning methods of database design that can promote heightened student confidence,
retention of skills, and eventual proficiency.

6.1. Student Activities and XAI Interpretation

The ERD-PRO system records every student’s interaction while students attempt to
design Entity-Relationship Diagrams (ERDs). Each movement or click, such as selecting
entities, defining attributes, clicking the Reason or Explanation buttons, drawing relation-
ships, or applying business rules, is automatically logged and stored in an Excel file. For
example, attributes like TotalScenarios, TotalDuration, BasicScenario, ModerateScenario,
DifficultScenario, ReasonClicks, and ExplanationClicks are captured for each attempt. At
the end of a session, the instructor downloads an Excel file containing a detailed report of
student activities. These files are then compiled manually, and students who manage to
complete the targeted number of scenarios, reaching the stage of generating a complete
ERD diagram, are marked as Complete. All student data is eventually consolidated into a
single dataset for further analysis using Explainable AI (XAI) techniques such as SHAP
and LIME (See Appendix C for full coding).

6.2. XAI Interpretation

Global Feature Importance (SHAP): The global SHAP in Figure 31 shows that Expla-
nationClicks and ReasonClicks are the most influential attributes determining whether a
student successfully completes their ERD task. This suggests that students who actively
seek explanations and reasoning aids are more likely to succeed. Difficulty level, particu-
larly DifficultScenario, also contributes significantly, reflecting that advanced tasks strongly
influence completion outcomes. Other features, such as TotalDuration, ModerateScenario,
and TotalScenarios, have smaller but still notable impacts, while BasicScenario plays a
minimal role.

Figure 31. Global SHAP.

Local Waterfall Explanation (TreeSHAP): Figures 32–34 display the local SHAP water-
fall plot for an individual student’s attempt. Starting from the model’s baseline expectation,
positive contributions from ExplanationClicks, ReasonClicks, and DifficultScenario push
the prediction towards completion, while minor contributions from TotalDuration and
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ModerateScenario provide additional support. This breakdown illustrates how various
features collectively impact one student’s specific result.

Figure 32. SHAP for Student A.

Figure 33. Local SHAP for Student B.

Figure 34. SHAP for Student C.
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Local Weights (LIME): The LIME tables provide an alternative perspective on local
interpretability as shown in Figures 35–37. For example, a student with ExplanationClicks
greater than 19.75 and ReasonClicks greater than 22.75 receives positive weights, indicating
that these behaviors strongly increase the likelihood of completion. Similarly, handling Dif-
ficultScenario tasks within certain thresholds contributes positively, while excessively high
numbers of scenarios or minimal engagement may negatively affect the prediction. These
insights help instructors understand which exact actions influenced each student’s outcome.

Figure 35. LIME for Student A.

 

Figure 36. LIME for Student B.

Figure 37. LIME for Student C.

7. Discussion
The results of this study indicate that the goals of ERD-PRO development and evalua-

tion as an Intelligent Tutoring System (ITS) were successfully achieved. The primary goal,
studying the most critical issues students face when creating Entity-Relationship Diagrams
(ERDs), was addressed in the pre-development survey. Students identified issues related
to identifying entities and relations, handling multivalued or composite attributes, and
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applying business rules consistently. These findings are in line with earlier work identify-
ing normal learning impediments in database classes, where students find it difficult to
connect ERD abstract notions to concrete models [24,35]. It was through the identification
of these flaws that the study confirmed the need for an adaptive ITS with contextualized,
guided support.

ERD-PRO’s design squarely addressed these problems. Post-development survey
results reflected meaningful improvement in students’ understanding and analytical skills:
80% of the students reported enhanced ability to identify and distinguish between en-
tities, attributes, and relationships. Additionally, 65% of the students reported that the
explanation and reasoning facilities in the system had improved their understanding of
ERD concepts. These findings are consistent with studies emphasizing the effectiveness of
ITS with Explainable AI (XAI) in enabling active learning, self-explanation, and reflective
thinking [20,21,25]. Through providing step-by-step directions, immediate feedback, and
justification of decisions, ERD-PRO acted as a “more knowledgeable other” within the Zone
of Proximal Development framework, maintaining Vygotsky’s constructivist agenda [42].

These post-development results also indicate a significant increase in students’ con-
fidence levels, with 80% reporting being confident or much more confident in creating
ERDs. High satisfaction levels, with 90% of students volunteering to recommend the
system, validate that ERD-PRO not only facilitated easy learning but also engaged and
motivated the learners. This aligns with previous ITS studies emphasizing personalized
feedback and interactive guidance as being crucial in augmenting learning outcomes in
STEM learning [19,22,23].

In conjunction with ERD learning, these results suggest that the ERD-PRO frame-
work can be applied to guide ITS development in other high-complexity areas, such as
mathematics, computer programming, and language learning. Through the adoption of
mixed-initiative strategies and explanation and reasoning modules on the basis of XAI, such
systems can assist students to solve intricate problem-solving tasks, promote self-regulated
learning, and bridge the theoretical-practical gap [21,30,31].

In summary, ERD-PRO demonstrates that incorporating well-designed ITS and ex-
plainable reasoning, along with guided structuring, can effectively remediate common
learning problems, enhance conceptual understanding, and boost learner confidence. This
research contributes to the overall literature by offering empirical results that reveal that
XAI-enhanced ITS is not only able to extend knowledge acquisition but also extend an-
alytical skill and learner self-efficacy, closing gaps that were identified in previous ITS
studies [24,25,35]. Subsequent research can attempt to scale this procedure for applica-
tion with larger and more diverse cohorts of students and other disciplines that require
sophisticated conceptual thinking.

8. Conclusions
This study aimed to resolve the problems that have confronted students in ERD design

and assess the efficacy of ERD-PRO, an XAI-based mixed-initiative intelligent tutoring
system. The experiment verifies the following points: ERD-PRO significantly improved
students’ ability to identify entities, attributes, and relationships, as well as their analytical
capability and confidence level in ERD design. Misconceptions had been resolved, and a
deeper understanding gained through explanation and reasoning capabilities.

Despite these positive outcomes, the study has a few limitations. The evaluation was
limited to a single student group and a single academic setting, which may restrict the
generalizability of the outcomes. Additionally, the concern was largely with short-term per-
formance enhancement, with longer-term retention and applicability not being examined.
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Future research should extend this work by piloting ERD-PRO in diverse institutions
and subjects, exploring longer-term learning impacts, and pursuing the extension of XAI-
based tutoring to additional knowledge domains such as programming, mathematics, and
language learning. Following these lines of inquiry will provide valuable insight into the
scalability and flexibility of intelligent tutoring systems.
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