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ABSTRACT 
This paper presents a pathway for the future of quantum-inspired educational approaches in 
STEM (Science, Technology, Engineering, and Mathematics) learning experiences. An increased 
digital transformation in education remains a challenge to traditional pedagogical methods, 
which, more often than not, fail to address all the varied learning styles and preferences. The 
paper explores the formation of a VARK model (Visual, Auditory, Reading/Writing, and 
Kinesthetic) with quantum principles model to meet the contemporary demands of learners. Using 
qualitative thematic analysis, the study attempts to identify current trends and innovative 
techniques in quantum educational approaches. The current trends and insights could help in 
learning more about the future of research in the area. By synthesizing the existing literature and 
expert ideas, this paper would present a novel viewpoint on how pedagogical paradigms were 
going to evolve, especially with quantum physics frameworks incorporated into the STEM 
domain. As a prospective study, the research contributes to the ongoing discourse on the future of 
education practices. 
Keywords: Quantum Education, STEM Learning, VARK Model, Pedagogical Strategies. 

 
INTRODUCTION 
Quantum education is an innovative method of 
boosting modern pedagogy embracing and 
annealing STEM learning’s potential for the 
contemporary era. The following paper discusses 
the trends in quantum education and presents a 
new model that will satisfy the requirements of 
both learners and educators (Markus et al., 
2021). Quantum mechanics emerged at the 
beginning of the 20th century and changed the 
notion of the laws of life at the most basic level. 
Since then, quantum theory has not only 
revolutionized the physics field but also led to 
significant innovations in various STEM areas 
(Laurah Markus, 2022). In reality, for various 

reasons, quantum education has always been 
limited to a certain section of society. This is 
one of the reasons that people consider it to be 
too difficult and beyond human comprehension 
(Buderi et al., 2020). 
While previous accomplishments have paved the 
way for integrating quantum into STEM 
education, the recent gaps include not 
researching the quantum providers thoroughly 
(Hauck & Melle, 2021). The new studies should 
focus on the creation of models capable of 
connecting quantum theory with its 
implementation in STEM today effectively. The 
current study aims to contribute to the existing 
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knowledge by offering a generic quantum 
education model suitable for this environment, 
which could be applied in each age of education 
(Obaid, 2023). The future model is intended to 
combine various psychological and pedagogical 
theories and empirical trends in quantum 
technology to develop lay and active quantum 
providers who would master critical thinking 
(Sannia et al., 2023). 
This research is particularly relevant as it has the 
potential to democratize quantum education. 
This will enable students from a variety of 
backgrounds to begin exploring the frontiers of 
the highest levels of STEM knowledge and 
innovation (Róż ycki et al., 2023). Additionally, 
by providing education practitioners with an 
arsenal of pedagogical tools and resources that 
have been proven to be efficient, the proposed 
model aims to encourage a generation of 
qualified STEM professionals prepared to 
address the multidimensional problems of the 
21st century (Saota et al., 2023). 
In conclusion, it should be noted that the 
rationale for embarking on this topic is 
determined by the realization that quantum 
education is a unique revolution in the creation 
of the future of STEM learning and 
development (Zheng et al., 2023). By identifying 
the core principles and strategies of successful 
quantum educational case scenarios, we have 
laid the groundwork for truly meaningful 
discussions and practices the education 
community can follow (Sheng & Himo, 2023).  
This research is much more than a submission 
of results. It is a powerful message to all 
educators, researchers, and policymakers to 
cease the opportunity for quantum education to 
drive a revival in STEM learning that will engage 
a the younger generations and make the field 
open to students of any socioeconomic 
background (Zhu et al., 2023). By placing our 
trust in one another and thinking ahead, we can 
tap into the revolutionary potential of quantum 
education in giving the future generation of 
tomorrow the tools they need to genuinely 
change the world (Campos et al., 2023). 
 
Research Objectives: 
1) To identify challenges and barriers to 
effective integration of quantum concepts into 
STEM education. 

2) To develop a comprehensive model for 
quantum education that addresses the needs of 
diverse learners and educators. 
Research Questions: 
The research will address the following key 
questions: 
1) What challenges and barriers exist in 
integrating quantum concepts into STEM 
education? 
2) How can a model for quantum 
education be developed to enhance STEM 
learning in the contemporary age? 
 
Problem of Statement: 
This paper, entitled “Exploring Quantum 
Education Approaches for Enhancing STEM 
Learning: Developing a Model for the 
Contemporary Age” is highly complex in nature 
and involve several challenges. One of the issues 
causing difficulty in model-building is the 
intrinsic multidisciplinary quality of the issue in 
question (Shi et al., 2023). The critical aspect of 
the problem is in incorporating quantum 
physics principles into STEM education. Many 
points debated in quantum education consist of 
more abstract principles while simultaneously 
being general foundations for more applicable 
approaches (Yokogawa & Suda, 2023). This 
duality makes it hard to combine all principles 
into a unified model and create a quality, easy-
to-understand learning exploration method. 
Making it more challenging, modern times are 
bringing change to technology is a quicker 
manner than ever before (Neumann et al., 
2023). The more industries develop quantum 
technologies, the faster the existing image of 
possibilities and principles needs an update 
(Matoba, 2023).             
There is a high degree of diversity among 
learners, which serve as a barrier to creating 
equal and working quantum education models. 
Ensuring different, meaningfully diverse learner 
profiles will indeed have meaningful 
contributions to quantum learning exploration 
requires normalization strategies (Gimferrer et 
al., 2023). Different learning preferences, skills 
levels, and learner interests introduces 
complexity and acquires for adjustments and 
adaptability in the model we are developing. 
Also, digital inequalities might also act as a 
barrier, especially in the case of on-line quantum 
education (Alsubai et al., 2023). The digital 
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divide in the field of education should be 
examined in terms of access to quantum 
education, with a special emphasis on 
underserved students and educational contexts 
(Schwarz, 2023). 
Another group of problems relates to the 
evaluation and assessment of the effectiveness of 
the quantum-induced educational model. 
Overall, the problem of evolution of data 
collection, challenges of the technological 
progress, and violations of ethical principles like 
informed consent and privacy might complicate 
the acquisition of relevant data to measure 
outcomes and engagement levels (Yokogawa & 
Suda, 2023). In the end, the quantum-
educational approaches will lead the 
developments in the field of STEM education; 
nevertheless, the goal to provide teaching 
methods to every subject might be impossible 
due to: conductions and coordination; the pace 
of the progress; personal matters; availability; 
and evaluation (Neumann et al., 2023). 
 
Significance of the Study: 
From various points of view, the theme of 
exploring methods for quantum education to 
upgrade STEM instruction appears to be 
important. To start with, given the pace at which 
technological advances are occurring, the 
classical forms of education are often behind the 
present and future demands (Matoba, 2023). In 
addition, new quantum education is a modern 
frontier that can help students develop their 
skills and be ready to tackle the problems of the 
present-day era. For example, not only do 
quantum concepts help students manage 
cutting-edge technologies to prepare them for a 
new profession, they also violate ordinary 
thinking and develop such skills as critical 
thinking and problem-solving, which are crucial 
for the future of STEM and other disciplines 
oriented (Gimferrer et al., 2023). Secondly, 
quantum education promotes the unity of 
science. It is connection physics, mathematics, 
computer science, and engineering and results 
in the ability to see scientific phenomena in a 
comprehensive way (Alsubai et al., 2023). Third, 
quantum education is an inclusive one.STEM is 
an open-course for all genders, types of people, 
and learning styles. In conclusion, this study 
offers a model for quantum-augmented STEM 
education that responds to current demands in 

education and provides an understanding of 
concepts of future educational policies and 
practices (Fiederling et al., 2023). 
2.Literature Review 
Over the past few years, there is a clear tendency 
toward increased recognition of the need for 
quantum concepts in STEM – Science, 
Technology, Engineering, and Mathematics 
(Kumar, 2022).Due to the progress in quantum 
technologies and their changing influence on 
multiple areas, educators are required to prepare 
students for the new quantum age. As a result, 
researchers investigate various quantum 
education strategies to improve STEM 
education (Liu, 2023). The purpose of this 
literature analysis is to outline the general 
picture of the already published articles on the 
subject to identify common trends, findings, 
methods, and gaps needed to design the model 
of modern quantum education (Bala et al., 
2023). 
 
2.1 Quantum Concepts in Education 
Quantum mechanics a branch of physics that 
describes the nature of particles at the most 
fundamental level is a subject that uniquely 
stands apart in terms of both educational 
difficulties and opportunities (Markus et al., 
2021). In particular, the counterintuitive nature 
of quantum phenomena makes them poorly 
suited for being conveniently and quickly 
explained. Because of this, conventional 
pedagogical approaches fail to educate people 
about quantum mechanics and create multiple 
misconceptions (Laurah Markus, 2022).  
 
2.2 Innovative Pedagogical Approaches 
Numerous researchers have been conducted to 
assess the impact of various pedagogical 
techniques on the learning outcomes of 
quantum mechanics at various education levels 
(Buderi et al., 2020). Many modern approaches 
have been introduced to present the 
imagination of the abstract phenomena behind 
the quantum laws. These include simulation-
based learning environment , augmented reality 
, and interactive visualization tools (Hauck & 
Melle, 2021). Furthermore, gamification and 
storytelling have been added to the approach to 
research to enhance the attention and 
motivation of students (Obaid, 2023). 
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2.3 Integration into STEM Curriculum 
In general, one can observe an increase in the 
coverage of quantum-related topics in the 
general STEM course. By introducing these 
interdisciplinary concept that allows one to 
learn how quantum physics is related to 
computer science, chemistry, or engineering, the 
general picture of the quantum phenomena has 
been developed (Sannia et al., 2023). 
Additionally, the usage of the project-style of 
education became more popular. Quite often, 
students become better at critical thinking and 
problem-solving when they are encouraged to 
explore direct applications of quantum 
technologies (Róż ycki et al., 2023). 
 
2.4 Challenges and Limitations 
However, there are many problems with 
quantum education research to work on. One is 
the lack of workers trained in both quantum 
physics and pedagogics (Saota et al., 2023). 
Additionally, even with enough trained 
personnel available, quantum education itself 
would need extra resources, specifically 
dedicated materials for people of all ages and 
levels of knowledge. Furthermore, quantum 
computing develops the speed quantum 
education does making the approach have to be 
changed constantly (Zheng et al., 
2023).                  
Research on quantum education strategy’s 
influence on increasing the youth’s knowledge 
of STEM is a new and constantly changing field. 
This may substantially affect educational 
processes and policies, given well-designed and 
linked interdisciplinary and creative learning 
experiences, teachers can help students to have a 
stronger and broader understanding of quantum 
principles and their importance in industry 
(Sheng & Himo, 2023). In short, there is a lack 
of a valid quantitative framework for how 
quantum education could be made in a way that 
is valid on a much larger scale without relying 
on individual correlations between the three 
areas cited above. Closing this gap may help to 
create a more equal and accessible education 
system (Zhu et al., 2023). 
In conclusion, existing studies have investigated 
many things regarding the quantum education 
model. However, they have left a huge void on 
establishing a holistic model of modern 
quantum education (Campos et al., 2023). 

Moreover, there is little provision of knowledge 
which can be drawn from theoretical formations 
of learning and cognitive science for developing 
instructional strategies and curricula (Shi et al., 
2023). There is little empirical evidence of 
quantum education programs affecting students 
years after graduation in the discipline and 
career-wise. These will be necessary for this 
model to move to the next level for future 
generations who have no choice other than to 
meet the quantum opportunities and challenges 
(Yokogawa & Suda, 2023). 
 
Research Methodology: 
This research qualitative in nature. It is 
intended to explore quantum education 
approaches to improve STEM learning, 
developing a model suitable for the era. This 
methodology helps unravel the complexity 
surrounding quantum education, discover what 
elements of pedagogy are beneficial, and 
establish a prototype identifying what it should 
look like (Hitchings & Latham, 2021). 
 
2. Research Design 
2.1 Research Approach: This study were use a 
constructivist qualitative research approach. 
Since this study intends to gain an 
understanding of how people make meaning out 
of their experiences within the contexts of 
quantum education, constructivism is the most 
appropriate. It provides an adequate lens 
through which to examine participant 
viewpoints closely for emergent themes and 
patterns (Matta, 2022). 
 
2.2 Data Collection Methods: 
a. Semi-Structured Interviews: Semi-structured 
interview conducted with educators, students, 
and experts in quantum education. This method 
will allow the researchers to explore the 
experiences, perception, and insights of 
participants regarding respective quantum 
education approaches extensively (McMullin, 
2023). 
 
b. Observations: classroom observations was 
also be conducted to witness quantum 
education in action. It  essential to establish 
which pedagogical approaches have been put in 
place for effective learning (Liu, 2023). 
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c. Document Analysis: Researcher was also 
analyze educational materials, curriculum 
documents, and other resources to understand 
what goes on in quantum education (Fiederling 
et al., 2023). 
 
2.3 Sampling Strategy: 
a. Purposeful Sampling: The participants were 
purposively chosen for their variant perspectives 
and experiences on quantum education.  
 
3. Data Analysis 
3.1 Thematic Analysis: The thematic analysis 
will be utilized to examine the qualitative data 
gathered via interviews, observations, and 
document analysis. The coding of data will help 
to define patterns, themes, and categories 
pertinent to quantum education methods and 
their application for promoting STEM learning. 
First, the researcher utilized the thematic 
analysis to identify the possible two groups, as 
per the mining criteria (Matta, 2022).  
 
3.2 Constant Comparative Method:  
The constant comparison method will also be 
utilized to compare data from various 
participants and sources to identify differences, 
similarities, as well as relationships in the 
dataset. 
 
4. Research Rigor 
4.1 Triangulation: The integration of data 
sources and data collection methods increases 
the credibility and validity of the study findings. 
 
4.2 Member Checking: Member checking was 
used to validate the interpretations and findings 
with each participant to ensure the research 
outcomes are accurate and authentic. 
Overall, the above qualitative research 
methodology follows a systematic path to 
explore quantum education strategies that 
enhance STEM learning and create an 
applicable model for the modern age. Using the 
above constructivist framework, purposed 
sampling, thematic analysis, and ethical 
considerations hope to gather valuable insights 
for proposing the existing quantum education 
research and practice (Bala et al., 2023). 
 
Data Analysis and Interpretations: 

Abstract Nature of Quantum Phenomena and 
Lack of Diverse Learning Modalities: 
The given data captures a major challenge that 
might manifest when integrating quantum 
concepts into STEM education. It portrays 
quantum phenomena as being highly abstract 
and counterintuitive different from classical 
physics. This aspect could present a challenge as 
students may find it hard to understand what 
they are learning especially for the first time. 
The data also details lack of Visual, Auditory, 
Reading/Writing, and Kinaesthetic learning 
styles that could make understanding quantum 
concepts hard. Engaging quantum concepts 
from a traditional approach teaches could be a 
bit monotonous and students may struggle to 
understand.  
“One significant challenge in integration of quantum 
concepts into STEM education is the high abstract 
and counterintuitive nature of quantum phenomena. 
Quantum mechanics tends to go against common 
sense, making students hard to understand especially 
for the first time. Additionally, the lack of Visual, 
Auditory, Reading/Writing, and Kinaesthetic 
learning style would make it hard as students are left 
to learn quantum concepts only from traditional 
instructional approaches.” Participants 1-4 
 
Limited Access to Specialized Resources and 
Expertise: 
Quantum physics is difficult to teach due to the 
lack of resources and experience because the 
course requires mastery in the area and extensive 
resources. K-12 schools do not possess the 
required book inventory or enough qualified 
specialists to give a comprehensive course. 
Failure to cover all learning styles such as visual, 
audio, and texts, along with practical experience, 
may make it impossible for learners of a 
particular type to understand the topic. 
“limited access to specialized resources and expertise. 
Quantum education is new and requires advanced 
knowledge and instructional materials that are not 
easily accessible in traditional educational settings, 
especially for the K-12 level. Therefore, failure to 
incorporate diverse learning modalities e.g. visual aids, 
auditory explanations, written materials, and hands-
on activities denies students with various learning 
preferences the opportunity to internalize quantum 
concepts effectively.” Participant 3 
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Interdisciplinary Challenges in Curriculum 
Development and Teacher Training: 
Quantum physics is inherently interdisciplinary 
in the sense that it takes elements from physics, 
mathematics, chemistry, and even computer 
science to develop its concepts. Due to the fact 
that they are to some extent strange according to 
the conventional perception, it is necessary to 
look at them from many different sides. 
Although, integrating quantum physics into 
existing educational frameworks presents several 
challenges, namely, in developing curricula and 
training teachers. It is difficult to create a 
curriculum in which quantum concepts will be 
organically revealed in various sciences.  
It requires interaction between educators of 
different disciplines who not only have a deep 
understanding of quantum physics but also 
understand the essence and principles of 
interaction between quantum phenomena. 
Therefore, physicists, chemists, mathematicians, 
and other STEM teachers or programs are 
needed to develop programs and ways of 
explaining the material that reflects the links 
between them. This also includes the must-have 
to use various learning styles and involve 
students with such preferences in the usual 
classes. Different students prefer visual, 
auditory, reading/writing, or kinaesthetic 
approaches to learning. Therefore, it is necessary 
to apply these approaches to the usual way of 
teaching. Visual learners should be able to learn 
from diagrams and fluid structures, auditory 
leaners with spoken words and conversations, 
reading-writer with textbooks and written 
explanations, and kinaesthetic with 
demonstrational experiments. This would allow 
the scientist to make the education of quantum 
accessible to every person. 
“The complexity and multidisciplinary nature of 
quantum synthesis are the hardest parts, and therefore 
relieving this burden will also greatly reduce the 
burden on the curriculum and teachers. Quantum 
synthesis’s multidisciplinary integration requires a 
well-coordinated effort by experts from various fields, 
which, in turn, requires revisions for all parties 
involved. Flexible instructional resources should be 
developed and published after the research. This is 
necessary to ensure that materials comply with 
everyone’s learning style: visual, auditory, reading and 
writing, kinaesthetic, and multimodal”. Participants 
7. 

Addressing Misconceptions Through Effective 
Pedagogical Strategies: 
The aforementioned misconceptions and 
preconceived notions about quantum mechanics 
create a series of obstacles to learning. Due to 
such misconceptions, students enter the course 
with the pre-existing ideas which are either 
completely erroneous or simplified to such an 
extent that they are useless in understanding the 
phenomena at hand. Thus, it becomes 
important to address and eliminate these 
through the implementation of some 
pedagogical strategies. To do this, educators 
need to first identify the most common 
misconceptions and then actively develop new 
approaches to presenting the materials. 
Educators can use different resources, such as 
visual and interactive media, lectures and verbal 
explanations, reading materials, and hands-on 
activities. This way, learners with any learning 
style preferences can develop a more 
comprehensive understanding of quantum 
mechanics. 
“I really think a lot of people misunderstand quite a 
bit about quantum mechanics and the tiny weenie 
particles, probably because they’re so tiny. A lot more 
visual aids and simulations and explanations I think 
would help.” Participant 5 
 
Time and Curriculum Constraints in 
Quantum Education Initiatives: 
"Quantum education initiatives often face 
constraints related to time and curriculum 
constraints. Educators may struggle to allocate 
sufficient time for teaching quantum concepts 
within already packed STEM curricula, leading 
to superficial coverage or omission. By 
incorporating a variety of instructional methods 
that appeal to Visual, Auditory, 
Reading/Writing, and Kinaesthetic learners, 
educators can maximize the effectiveness of 
instructional time and enhance student 
engagement with quantum concepts." 
Participant 6-7 
 
Challenges in Assessment and Evaluation of 
Student Understanding: 
"Assessment and evaluation present challenges 
in measuring student understanding of 
quantum concepts. Traditional assessment 
methods may not adequately capture the depth 
of understanding required for quantum 
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mechanics, necessitating innovative approaches 
to assessment. Utilizing a mix of visual, auditory, 
reading/writing, and kinaesthetic assessment 
tasks can provide a more comprehensive 
measure of student learning outcomes and 
address diverse learning preferences." Participant 
9 
 
Continuous Professional Development for 
Educators in Quantum Education: 
"The fast-paced nature of quantum research and 
technological advancements requires educators 
to continuously update their knowledge and 
instructional practices. Keeping abreast of the 
latest developments in quantum physics can be 
daunting for educators with limited resources 
and support. However, incorporating a variety of 
instructional methods that cater to Visual, 
Auditory, Reading/Writing, and Kinaesthetic 
learners into professional development 
programs can empower educators to stay 
informed and adapt their teaching methods 
effectively." Participant 8 
 
Cultural and Societal Barriers to Acceptance of 
Quantum Concepts: 
"Finally, cultural and social issues might 
introduce additional barriers to the acceptance 
of quantum concepts. It is especially true for the 
communities where traditional views on science 
are culturally dominant. Encouraging the ability 
to limit cultural biases and cultivate the desire to 
learn and accept new knowledge drives effective 
quantum education. Using various teaching 
approaches that consider cultural differences 
and preferences helps create inclusive learning 
environments where quantum is accepted and 
all students feel valued” Participant 10 
 
Discussion: 
Participant responses in relation to the 
challenges of integrating quantum concepts into 
STEM education based on the VARK and 
researcher also share some real-life examples of 
STEM education according to the VARK 
learning preferences modality: VARK for 
science: 
 
1. Abstract nature of quantum phenomena 
and lack of diverse learning modalities: 
It is no secret that the majority of people 
struggle with grasping the mere idea of 

phenomena as complex and abstract as quantum 
mechanics, and it becomes even more 
challenging when the instructional methods are 
not diverse enough to accommodate learning for 
those of different preferences. Quantum 
education, and STEM, in general, is no 
exception, and this calls for a discussion through 
main VARK learning preferences modality and 
how this information can be taught following 
this division: visual, auditory, reading/writing, 
and kinaesthetic: 

i.For visual learners, diagrams, and charts, as well 
as animations, can be highly beneficial when it 
comes to visualization. Visual representations of 
particle behaviour, such as superposition and 
the wave-particle approach to particles, are best 
shown through interactive simulations, or even a 
virtual reality. 

ii.Auditory learners benefit the most from 
educational podcasts or enhanced textual 
information. The usage of real-life examples and 
phenomena to explain quantum theories can be 
significantly more engaging if followed by a 
debate or a seminar. Reading/writing learners 
will be more willing to use additional literature 
or articles on similar topics, which, in turn, can 
generate interest in the quantum world. It is also 
highly recommended to ask students to sum up 
the information they have just reviewed, as well 
as provide articles to be read before the lecture. 

iii.Kinaesthetic learners benefit from hands-on 
experiments, which is difficult for the quantum 
world due to its complexity. However, 
simulations can be a wonderful learning tool for 
some students. This can be a part of the lesson 
where they are actively involved in what they 
have already learned. 
 
2.Limited Access to Specialized Resources and 
Expertise: The teacher can address the 
limitation of resources and expertise accessible 
while teaching quantum education and STEM 
through the VARK model: 
 

i.Visual Learning: the teacher can use Online 
Simulations and Multimedia Resources; the 
teacher can integrate simulations or virtual labs 
to allow students to go through quantum 
concepts visually. He or she can apply 
multimedia, such as videos or animations, to 
make learning complex quantum phenomena 
fun. 
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ii.Auditory Learning: the teacher can apply a 
Guest Speaker or Expert; the educator must 
plan a virtual lecture or meeting with 
professionals in quantum physics or related 
disciplines . He or she must allow the students 
to ask the guest speaker questions on his or her 
experience or any aspect of quantum education. 

iii.Read/Write Learning: the teacher must provide 
an Online Database and Research Articles; the 
teacher should direct the students to proper 
online data banks, such as academic journals, to 
get verified research articles on quantum 
physics. He or she shall provide adequate 
reading materials from books or online, 
discussing the principles of quantum theory. 

iv.Kinaesthetic Learning: Field Trips or Research 
Projects; he or she may plan a field trip to 
research centres, labs or observatories allowing 
students to observe real quantum experiments 
and technologies. The educator shall assign the 
students to research quantum education and 
projects independently or in groups. 
 
Teaching Quantum Education and STEM 
Using VARK Modalities 
Topic: Introduction to Quantum Mechanics 
1. Visual Learning: Start the class with an 
interactive simulation or video of the double-slit 
experiment to illustrate the dual nature of light. 
Provide visual representations, such as diagrams 
or drawings, to teach concepts like superposition 
and entanglement. 
 
2. Auditory Learning: Host a virtual guest 
speaker, like a quantum physicist or researcher, 
to provide a lecture on the basics and history of 
quantum mechanics. Have a discussion in or 
outside of the classroom to talk about what the 
guest speaker discussed and debate the topics 
with your peers. 
 
3. Reading/Writing Learning: The 
teacher can leverage e-learning platforms to 
assign online readings from academic databases 
and open-source textbooks on quantum 
mechanics. The readings can cover basic 
principles and historical overview of quantum 
education. Afterwards, students can be 
instructed to write reflective responses or 
summaries to promote understanding and 
critical thinking. 
 

4. Kinaesthetic Learning: al field trip to 
the closest research facility or university 
laboratory working on quantum research. Aside 
from this arrangement, an alternative approach 
would be designing hands-on research projects, 
where students would conduct simple quantum 
experiments. For example, students can build a 
model quantum computer to understand the 
basics of functioning of quantum technologies, 
or investigate quantum-tunnelling as a novel 
operating principle of quantum computers.  
Through employing these varied methods, the 
teacher ensures that students access a 
comprehensive learning experience, despite the 
limitations in accessibility to resources and 
expert educators. This strategy also evokes 
inclusiveness, as students are able to approach 
quantum concepts from a variety of domains 
and learning preferences. 
 
3.Interdisciplinary Challenges in Curriculum 
Development and Teacher Training 
Teaching quantum education and STEM 
through interdisciplinary challenges in 
curriculum development and teacher training 
using VARK learning modalities 
 

i.Collaborating on interdisciplinary projects 
with visual presentations or infographics:  
Teachers can work with their colleagues 
specializing in other STEM disciplines to create 
interdisciplinary projects incorporating 
quantum ideas. For example, the project may 
involve physics and biology teachers, and 
students can prepare visual presentations or 
infographics on how quantum physics is 
involved in biological processes such as 
photosynthesis or hereditary mutations. Visual 
animal models allow students to represent 
complex ideas in a way that can be understood 
and appreciated by students across all other 
STEM subjects. 
 

ii.Participating in interdisciplinary seminars or 
webinars: 
Teachers can organize online or off-line 
seminars to write experts in multiple STEM 
disciplines to give presentations about how 
quantum ideas intersect with their knowledge. 
Auditory learners have a possibility to hear the 
experts’ insights and talk about interdisciplinary 
connections. For example, a series of webinars 
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from experts from physics, chemistry biology, 
and engineering with the theme “How quantum 
interactions are used in other STEM areas” 
 

iii.Developing Interdisciplinary Curriculum 
Guides or Textbooks:  
Teachers can create interdisciplinary curriculum 
guides or textbooks integrating quantum 
concepts into other STEM courses. These guides 
or textbooks can consist of written explanations, 
case studies and problem-solving exercises to 
underline the interdisciplinary character of 
quantum education. As an example, one can 
introduce a STEM textbook that covers 
quantum mechanics in dedicated chapters with 
illustrative examples based on its use in each 
STEM field. 
 

iv.Hands-on Interdisciplinary Experiments or 
Project-Based Learning: 
Teachers can establish a hands-on 
interdisciplinary experiment or project-based 
learning, requiring students to integrate various 
quantum concepts into it. For example, they 
might work in teams to develop and create a 
prototype that applies quantum principles to 
address interdisciplinary issue in other STEM 
fields. Kinaesthetic exercises aid students in the 
application of theory and deeper understanding 
of quantum education’s applicability. By 
selecting the types of implementing teaching 
strategies corresponding to VARK aligned 
learning modalities, teachers can overcome 
interdisciplinary challenges in curriculum 
development and offer their students a variety of 
learning opportunities to approach quantum 
education within the scope of STEM fields. 
 
4.Addressing Misconceptions Through 
Effective Pedagogical Strategies: 
Using the VARK learning modality, a teacher 
may consider effective ways to rectify 
misconceptions. 

i.Visual Learning Strategy: Teacher to create 
concept maps or diagrams. For instance, they 
may use a whiteboard or visual presentation 
software to draw concept maps that detail what 
is known and unknown about quantum 
principles. They might also label diagrams to 
illustrate quantum phenomena, such as wave-
particle duality or quantum entanglement. 
 

ii.Auditory Learning Strategy: an efficient 
solution might be discussions or debates. The 
teacher should organize discussions with their 
students, where the students would share what 
understanding of quantum concepts they have. 
A debate may work best for the following: 
students who appear to have an incorrect 
understanding of the correct concept. The 
students must also present reasoning for and 
against their argument. 
 

iii.Reading/Writing Learning Strategy: Reflective 
writing or journaling Write reflective writing or 
journal assignments that students should submit 
for review. Sample writing prompt: Name any 
misconceptions you may personally have about 
quantum principles in quantum mechanics.  

iv.Kinaesthetic Learning Strategy: hands-on Draw 
on- personally coolers while conducting real 
experiments to challenge them and start 
correcting them. Offer a present laboratory 
experiment to test which of this work shall 
experience the quantum principle in question 
and better test. One option is double-slotted. , 
tunnelling, and other hands-on activities that 
allow students to observe quantum activities for 
themselves. 
Present visual diagrams or concept maps to 
explain in detail the key quantum principles. 
Then, conduct a class discussion to express their 
understanding of the knowledge and articulate 
misconceptions. Ask the students to do 
reflective writing or journal their own 
misconceptions and how they would correct 
them after holding the class discussion or after 
reading some ideas. Conduct hands-on 
experiments and other experiential activities 
through which the learners can observe and test 
their misconceptions about quantum ideas and 
compare the results. The above pedagogical 
strategies, designed based on the VARK learning 
modalities, combine to form a comprehensive 
approach of eliminating misconceptions in 
quantum education and STEM by ensuring that 
students genuinely understand content and 
misconceptions do not stand in the way of 
learning. 
 
5.Time and Curriculum Constraints in 
Quantum Education Initiatives 

i.Visual Learning (Implementing flipped 
classroom models with pre-recorded visual 
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lectures): The teacher can concept quantum 
education and STEM with the help of the 
following VARK learning modalities to meet the 
time and curriculum constraints: Visual 
Learning. First, the teacher can implement 
flipped classroom models by creating pre-
recorded visual lectures on the selected quantum 
topics. The teacher can create a lecture with 
graphical representations, animations, and 
figures describing the critical quantum concepts. 
Students can watch the lecture outside the 
classroom, and the in-class learning time can be 
reserved for discussions and activities: the 
teacher gives a pre-recorded lecture on quantum 
superposition with a diagram and animated 
wave functions and particle behaviours. 

ii.Auditory Learning (Using podcasts or audio 
recordings for supplementary learning outside 
of class): In addition to visual lectures, the 
teachers can create podcasts or audio recordings 
where they focus more on some quantum topics 
or provide additional clarification. This audio 
content can be listened to by students when they 
are driving or doing other activities, and this 
auditory material will help them strengthen the 
understanding of quantum physics. The teacher 
records a podcast episode about the uses of 
quantum mechanics in contemporary 
technology, and it includes a series of interviews 
with scientists. 
 

iii.Reading/Writing Learning (Assigning readings 
or online articles for students to explore 
independently): Assigning readings or online 
articles for students to explore independently. 
This activity is to select a number of readings or 
online articles about quantum mechanics, each 
taking a particular perspective or angle on the 
matter that can be distilled into a single 
differentiating statement. Then, each reading 
will be assigned to students and asked to 
summarize its perspectives, reflect on the value 
the article adds to their own understanding of 
quantum theory, or any implications they find 
interesting or relevant to their learning 
experience. I have selected a series of articles 
that explore the historical development of 
quantum mechanics and its increase in 
relevance for different aspects of computing, 
cryptography, and materials science. 
 

iv.Kinaesthetic Learning (Incorporating quick 
hands-on activities or experiments to reinforce 
key concepts within limited time frames): 
Quick hands-on (potentially experiment) 
activities. For instance, during the short-time 
frame, the teacher may conduct quick activities 
or short experiments in the classroom that 
would help to illustrate some quantum 
concepts. These activities, for example, making 
students interact with a physical object or watch 
short demonstrations related to mobilization, 
can be effective. The teacher demonstrates an 
experiment with polarizing filters to illustrate 
the effects of quantum non-locality and 
entanglement in the previous example. All 
previous activities could be conducted rapidly or 
outside the classroom to save time. A 
combination of some or all of these strategies, 
fitting VARK learning preferences, would be a 
successful way to deal with a small timeframe 
without sacrificing the curriculum diversity in 
quantum and STEM education 
 
6.Challenges in Assessment and Evaluation of 
Student Understanding 
Teacher can incorporate the VARK learning 
modalities into assessing and evaluating student 
understanding in quantum education and 
STEM: 
 

i.Visual Assessment Strategy: A teacher will 
design the visual assessment strategy, which will 
require students to depict their understanding. 
For example, once the teacher provides a 
quantum physics course in a class, the 
assessment will be done through concept maps. 
In the concept maps, students will include major 
principles, concepts, and their relationships. 
Students will diagram their accounts, uses 
various sings, and lines to represent quantum 
physics phenomena. 
 

ii.Auditory Assessment Strategy: To learn about 
the verbal communication ability, students can 
give oral presentations or debates. The students 
will be divided into groups and allotted various 
quantum topics or controversial topics under 
quantum physics . The students will present 
these topics to the class by giving arguments, 
reasons, or rebuttal that will test their abilities to 
articulate and defend their ideas. 
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iii.Reading/Writing Assessment Strategy: 
Reading/Writing Assessment Blueprint: In this 
strategy, new quantum-related questions or 
prompts are assigned after the completion of the 
quizzes, exams, or essays to test written 
comprehension. After viewing various learning 
materials on quantum, the students receive a list 
of questions or prompts related to them, which 
they must answer in writing. The assessment can 
take the format of short-answer questions, 
essays, or problem sets. Moreover, it can have 
several areas of learning, including theoretical 
concepts, experimental techniques, and 
application of quantum, among other areas. 
Thus written response enables the students to 
portray understanding and their analytical and 
communication skills on complex ideas. 
 

iv.Kinaesthetic Assessment Strategy:  
One of the ways is to arrange project-based 
assessments or hands-on demonstrations of the 
learned concepts. It is possible to assign a hands-
on project for the learner to design and build a 
simple quantum experiment or a 
demonstration. For instance, the student can 
model a double-slit experiment, or a quantum 
circuit can be built from numerous basic 
electronic components . As a result, the learners 
would apply their theoretical knowledge in the 
field of quantum mechanics to assistant to 
practical experimentation, thus, enhancing their 
understanding of the subject through 
kinaesthetic learning. 
In summary, different formats of the assessment 
cover various type of preferences when it comes 
to learning styles. Thus, quantum education and 
STEM teachers can have the opportunity to 
assess the understanding of the students with a 
wide range of approaches. Additionally, the 
above-discussed ideas can serve as valuable 
feedback for students and enhance their interest 
and awareness of the complex concepts of 
STEM. 
 
7.Continuous Professional Development for 
Educators in Quantum Education 
Therefore, one of the ways teachers can engage 
in professional development and improve their 
knowledge of quantum education for its better 
integration into STEM teaching is the following: 

i.Visual Learning (Attending Workshops or 
Conferences): One of the options is attending 

workshops and conferences. Workshops and 
conferences tend to have a visual component to 
help demonstrate the working of innovative 
teaching methods and resources. Since they are 
usually dedicated to the latest trends in 
quantum education, attending such events 
would help teachers learn more about this 
trend. 
 

ii.Auditory Learning (Attending Webinars and 
Listening to Podcasts): Teachers can attend 
webinars and listen to podcasts discussing 
quantum education trends, research results, and 
best practices in teaching. Auditory learning 
allows the teachers to hear from experts in the 
field and benefit from professional development 
conversations. More importantly, it helps 
improve the quantum topics instructors’ ability 
to teach such concepts correctly. 
 

iii.Reading/Writing Learning: Teachers can learn 
by enrolling in online course or MOOCs, 
massive open online courses. The quantum 
education courses offer reading material, 
lectures, assignment, and discussion on essential 
concepts in quantum education and teaching 
quantum education. Alternatively, teachers can 
read as many research articles from academic 
journals published yearly about disciplinary 
content and pedagogical strategies as possible to 
keep abreast of the latest findings concerning 
these disciplines. 
 

iv.Kinaesthetic Learning (Participating in Hands-
On Training or Collaborative Projects:  
Teachers could also utilize the fourth VARK 
modality by engaging in Participators on 
Kinaesthetic learning. They may take part in 
workshops which provide a hands-on learning 
opportunity related to quantum concepts. 
Besides, Teachers should participate in group 
projects to work with other educators and 
brainstorm new ideas, share good practices, and 
devise unique teaching materials. They may 
engage with interactive simulations, lab 
activities, or projects incorporating quantum 
concepts into STEM lessons in hands-on 
workshops. By participating in professional 
development activities from all four VARK 
modalities, teachers will boost their knowledge, 
skills, and confidence in the practice of 
quantum education as part of broader STEM. 
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This holistic strategy is designed to help 
educators better address the future needs of 
their students and provide them with the tools 
and experience required to face the 
opportunities and challenges of the quantum 
era. 
 
8.Cultural and Societal Barriers to Acceptance 
of Quantum Concepts: Teacher may include 
cultural and societal views in quantum 
education and STEM teaching through the 
following VARK modalities: 
 

i.Use Culturally Relevant Visuals: Include visual 
content, such as photos and videos, that 
highlight diverse cultures and societies when 
teaching quantum education. For instance, you 
can include early scientists in the quantum field 
from different societies and use what they 
contributed to train students on the culture 
surrounding quantum mechanics. Example: As 
students focus on the historical beginners of 
quantum mechanics, the faculty may include the 
scientists from multiple cultural backgrounds, 
such as Satyendra Nath Bose from India or 
Chien-Shiung Wu from China. 
 

ii.Auditory: Invite Guest Speakers from Diverse 
Backgrounds: Another thing is to arrange guest 
speakers from diverse cultural backgrounds like 
scientists or scholars to come and share their 
experiences and perspectives on quantum to 
another cultural aspect. Example: Invite a 
physicist from an indigenous community and 
invite them to talk about their views on 
quantum as understood through their cultural 
eyes or how they relate quantum to their 
culture. 
 

iii.Reading/Writing: Integrate Diverse Literature 
and Texts – teachers should integrate readings 
and texts in the curriculum that reflect diverse 
cultural perspectives and interpretations of 
quantum mechanics. For instance, teachers may 
select readings from authors or scholars who 
discuss quantum physics in connection to 
culture, philosophy, or spirituality. Students may 
analyse different perspectives through such a 
text. 
 

iv.Kinaesthetic: Organize interactive Role-Playing 
Exercises teachers should design interactive and 

role-playing activities that help the students to 
understand how cultural contexts affect the 
comprehension and application of quantum 
concepts. For example, students are divided into 
groups based on their cultures and are assigned 
the roles to analyse their cultural, religious views 
based on the assigned role on quantum 
phenomena. The groups are also encouraged to 
present and interact with the audience. 
Through these strategies, teachers can develop 
an inclusive teaching-learning environment 
where various cultural backgrounds of the 
students are recognized and appreciated during 
the discussion of quantum concepts. The idea 
promotes cultural sensitivity. Additionally, it 
helps the students understand how cultural 
perspectives influence scientific knowledge and 
discourse in the STEM field. 
 
Conclusion: 
The experience of integrating quantum 
education into STEM subjects is associated with 
a variety of complex challenges, some of which 
have been discussed in the participants’ 
reflections. To overcome these barriers, it is 
essential to consider not only the inherent 
abstractness of quantum through an abstract 
lens but also in relation to the varied ways in 
which students engage through different modes 
of learning, and in connection to the 
interdisciplinary nature of quantum. By 
considering the Visual, Auditory, 
Reading/Writing, and Kinaesthetic modalities 
in the context of quantum education, educators 
can successfully address the identified challenges 
and create inclusive learning spaces conducive to 
meaningful student engagement with quantum 
in their own way. 
Through visual aids, educators can improve the 
conceptual understanding of quantum 
principles by visual learners. In addition, using 
engaging lectures, diverse lecture materials and 
readings, and guest speakers or discussion, 
educators create an opportunity for auditory, 
reading/writing, and kinaesthetic students to 
understand the content. In this regard, all 
students will have an equal chance of 
understanding complex quantum principles and 
their use in STEM fields. Moreover, addressing 
the challenges students and educators face in 
finding resources, curriculum design, and 
recruitment and training of teachers require 
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innovation and collaboration. Indeed, many 
opportunities for interdisciplinary research and 
other community-based open resources exist, 
such as professional development or online 
resources to help educators better understand 
quantum concepts within the wider STEM field 
and to teach these concepts. 
Additionally, in promoting an inclusive and 
culturally responsive STEM, it is necessary to 
recognize that cultural and societal issues also 
act as significant barriers to quantum. Include 
culturally responsive visuals, guest speakers from 
different communities, literature, and role-
playing activities, make the environment 
inclusive. Although the students who 
participated in the study provided useful 
information, quantum education and STEM 
present additional areas of further research that 
need to be explored. For example, they could 
investigate how specific teaching strategies create 
inclusive quantum education environments 
based on multiple intelligences and lead to 
greater student engagement and comprehension. 
Finally, research on the effect of culturally 
sensitive pedagogy and interdisciplinary 
approaches upon student perceptions and 
attitudes of quantum education would be 
another strategy to inform practice. Ultimately, 
integrating quantum literacy into STEM 
education will require comprehensive, 
innovative, and inclusive responses to the 
aforementioned challenges. By using a variety of 
teaching strategies, forging interdisciplinary 
partnerships, and supporting cultural humility, 
educators can set the stage for students to learn 
and engage with the complexities of the 
quantum world throughout STEM. 
 
Recommendations: 
Considering the extensive results of challenges 
and recommendations for quantum education 
package integration into STEM teaching, the 
following research directions can be suggested. 
The proposed recommendations may serve as a 
roadmap for future researchers to modify and 
extend strategies that could be used to ensure 
the efficiency of quantum education in STEM 
teaching. 
 
1) VARK-Based Teaching Approaches’ 
Effectiveness: Another question that researchers 
may seek to answer through this model is 

whether VARK-based teaching approaches are 
effective in enhancing student engagement, 
understanding, and retention of quantum 
concepts in STEM. Researchers can conduct 
empirical research to compare traditional 
instructional approaches to VARK-aligned 
strategies to determine their impact on students’ 
achievement  
 
2) Long-Term Impact on Student 
Achievement: Researchers may also explore the 
long-term impact of different modes of 
instructions such as visual, aural, reading 
writing, and kinaesthetic-based strategies on 
student achievement in quantum education and 
STEM. Longitudinal research may be used for 
this purpose to assess student performance and 
career paths over time. 
 
3) Teacher professional development: 
Conduct a study to assess how the 
implementation of regular professional 
development programs affects educators’ ability 
to succeed in integrating quantum education 
into STEM teaching. Research the effectiveness 
of quarterly workshops, monthly webinars, semi-
annual online courses, and annual collaborative 
projects in terms of improving teachers’ 
knowledge, skills, and confidence in 
incorporating quantum concepts into the 
lessons delivered via varying learning modalities. 
 
4) Cultural relevance and diversity in 
STEM education: Investigate how teachers can 
use the concepts of cultural relevance and 
diversity to create more inclusive quantum 
learning and STEM environments. Do the 
research in which researchers will investigate the 
influence of the culturally relevant visuals, guest 
speakers of varied background, diverse literature, 
and interactive role-playing exercises on 
promoting student engagement and enhancing 
student understanding. 
 
5) Develop and validate innovative 
assessment strategies: VARK learning 
preferences to measure the student’s 
comprehension of quantum concepts accurately 
in STEM education. Determine the relationship 
between assessment methods utilized, learning 
modalities and student’s learning outcomes in 
quantum education, including the extent to 
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which common student misconceptions were 
identified and corrected.  
 
6) Interdisciplinary Integration of 
Quantum Concepts: Investigate 
interdisciplinary approaches to integrating 
quantum concepts throughout diverse STEM 
disciplines, from physics to biology, chemistry, 
and engineering. How collaborative projects off 
interdisciplinary seminars and curriculum 
development can create cross-disciplinary 
connections and improve student learning. 
 
7) Technology-Enhanced Learning Tools: 
Design and validate technology-enhanced 
learning tools and resources, such as virtual 
simulations, multimedia presentations, online 
databases, and educational apps, for instruction 
quantum education in STEM. Evaluate the 
efficacy, efficiency, and safety of these tools in 
meeting the varied learning styles, and 
promoting student motivation and 
comprehension.  
Addressing these research directions would 
allow scholars to drive the ongoing development 
of quantum education in STEM and influence 
the formulation of research-informed teaching 
standards and guidelines. Future research most 
likely to elevate educational practices, cultivate a 
culture of inclusivity and diversity, and empower 
students to excel in the field of quantum science 
and technology. 
 
References 
Alsubai, S., Alqahtani, A., Binbusayyis, A., Sha, 

M., Gumaei, A., & Wang, S. (2023). 
Heart Failure Detection Using Instance 
Quantum Circuit Approach and 
Traditional Predictive Analysis. 
Mathematics, 11(6), 1–27. 
https://doi.org/10.3390/math11061467 

Bala, R., Asthana, S., & Ravishankar, V. (2023). 
Combating errors in quantum 
communication: an integrated approach. 
Scientific Reports, 13(1), 1–10. 
https://doi.org/10.1038/s41598-023-
30178-x 

 
 
 
 
 

Buderi, R., Ransom, J., Galaznik, A., & Berger, 
M. (2020). Pcn285 Use of Real-World 
Data and Machine Learning To Reduce 
Treatment-Limiting Adverse Events in an 
Acute Myeloid Leukemia Clinical Trial 
Population. Value in Health, 23(May), S74. 
https://doi.org/10.1016/j.jval.2020.04.17
51 

Campos, R., Casares, P. A. M., & Martin-
Delgado, M. A. (2023). Quantum 
Metropolis Solver: a quantum walks 
approach to optimization problems. 
Quantum Machine Intelligence, 5(2). 
https://doi.org/10.1007/s42484-023-
00119-y 

Fiederling, K., Abasifard, M., Richter, M., 
Deckert, V., Kupfer, S., & Gräfe, S. 
(2023). A Full Quantum Mechanical 
Approach Assessing the Chemical and 
Electromagnetic Effect in TERS. ACS 
Nano, 17(14), 13137–13146. 
https://doi.org/10.1021/acsnano.2c1185
5 

Gimferrer, M., Danés, S., Andrada, D. M., & 
Salvador, P. (2023). Merging the Energy 
Decomposition Analysis with the 
Interacting Quantum Atoms Approach. 
Journal of Chemical Theory and Computation, 
19(12), 3469–3485. 
https://doi.org/10.1021/acs.jctc.3c00143 

Hauck, D. J., & Melle, I. (2021). Molecular 
orbital theory—teaching a difficult 
chemistry topic using a cscl approach in a 
first-year university course. Education 
Sciences, 11(9). 
https://doi.org/10.3390/educsci1109048
5 

Hitchings, R., & Latham, A. (2021). Qualitative 
methods III: On different ways of 
describing our work. Progress in Human 
Geography, 45(2), 394–403. 
https://doi.org/10.1177/0309132520901
753 

Kumar, N. (2022). Geometric approaches. 
Dimensionality Reduction in Data Science, 
97–125. https://doi.org/10.1007/978-3-
031-05371-9_5 

 
 
 
 
 



 Volume 3, Issue 5, 2025 
 

  

https://theijssb.com                                 |Dastgir et al., 2025 | Page 677 
 

Laurah Markus. (2022). A needs analysis study 
in developing quantum physics 
instructional module for secondary school 
with an integrated stem education 
approach. Borneo International Journal of 
Education (BIJE), 3, 69–84. 
https://doi.org/10.51200/bije.v3i.4113 

Liu, Q. (2023). Comparisons of Conventional 
Computing and Quantum Computing 
Approaches. Highlights in Science, 
Engineering and Technology, 38, 502–507. 
https://doi.org/10.54097/hset.v38i.5875 

Markus, L., Sungkim, S., & Ishak, M. Z. Bin. 
(2021). Issues and Challenges in Teaching 
Secondary School Quantum Physics with 
Integrated STEM Education in Malaysia. 
Malaysian Journal of Social Sciences and 
Humanities (MJSSH), 6(5), 190–202. 
https://doi.org/10.47405/mjssh.v6i5.774 

Matoba, K. (2023). ‘Measuring’ Collective 
Trauma: a Quantum Social Science 
Approach. Integrative Psychological and 
Behavioral Science, 57(2), 412–431. 
https://doi.org/10.1007/s12124-022-
09696-2 

Matta, C. (2022). Philosophical Paradigms in 
Qualitative Research Methods Education: 
What is their Pedagogical Role? 
Scandinavian Journal of Educational 
Research, 66(6), 1049–1062. 
https://doi.org/10.1080/00313831.2021.
1958372 

McMullin, C. (2023). Transcription and 
Qualitative Methods: Implications for 
Third Sector Research. Voluntas, 34(1), 
140–153. 
https://doi.org/10.1007/s11266-021-
00400-3 

Neumann, N. M. P., de Heer, P. B. U. L., & 
Phillipson, F. (2023). Quantum 
reinforcement learning: Comparing 
quantum annealing and gate-based 
quantum computing with classical deep 
reinforcement learning. Quantum 
Information Processing, 22(2), 1–18. 
https://doi.org/10.1007/s11128-023-
03867-9 

Obaid, O. I. (2023). Molecular orbital theory—
teaching a difficult chemistry topic using a 
cscl approach in a first-year university 
course. Mesopotamian Journal of Big Data, 
81–91. 

https://doi.org/10.58496/mjbd/2023/01
2 

Róż ycki, R., Józefowska, J., Kurowski, K., 
Lemań ski, T., Pecyna, T., Subocz, M., & 
Waligóra, G. (2023). A Quantum 
Approach to the Problem of Charging 
Electric Cars on a Motorway. Energies, 
16(1), 1–20. 
https://doi.org/10.3390/en16010442 

Sannia, A., Giordano, A., Gullo, N. Lo, 
Mastroianni, C., & Plastina, F. (2023). A 
hybrid classical-quantum approach to 
speed-up Q-learning. Scientific Reports, 
13(1), 1–10. 
https://doi.org/10.1038/s41598-023-
30990-5 

Saota, E., Rasyid, Y., & Pujiati, H. (2023). 
Teaching Materials for Bahasa Indonesia 
Reading Skills Based on Local Wisdom 
With a Quantum Approach. Getsempena 
English Education Journal, 10(1), 27–42. 
https://doi.org/10.46244/geej.v10i1.209
5 

Schwarz, A. (2023). Theory — Jordan Algebras. 
Sheng, X., & Himo, F. (2023). The Quantum 

Chemical Cluster Approach in 
Biocatalysis. Accounts of Chemical Research, 
56(8), 938–947. 
https://doi.org/10.1021/acs.accounts.2c0
0795 

Shi, Z. C., Zhang, C., Shen, L. T., Song, J., Xia, 
Y., & Yi, X. X. (2023). Robust 
transitionless quantum driving: 
Concatenated approach. Physical Review 
Research, 5(3), 1–6. 
https://doi.org/10.1103/PhysRevResearc
h.5.L032008 

Yokogawa, D., & Suda, K. (2023). Feature 
selection in molecular graph neural 
networks based on quantum chemical 
approaches. Digital Discovery, 2(4), 1089–
1097. 
https://doi.org/10.1039/d3dd00010a 

Zheng, K., Van Griensven, J., & Fraser, R. 
(2023). A Quantum Machine Learning 
Approach to Spatiotemporal Emission 
Modelling. Atmosphere, 14(6), 1–12. 
https://doi.org/10.3390/atmos14060944 

 
 
 
 



 Volume 3, Issue 5, 2025 
 

  

https://theijssb.com                                 |Dastgir et al., 2025 | Page 678 
 

 
 
 
 
 
 

Zhu, J., Ma, X., Lin, Z., & De Meo, P. (2023). A 
quantum-like approach for text generation 
from knowledge graphs. CAAI Transactions 
on Intelligence Technology, 8(4), 1455–1463. 
https://doi.org/10.1049/cit2.12178 

.
 


