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ABSTRACT

Physics learning is deeply influenced by both cognitive and
psychological factors that shape students' understanding,
Keywords: . e .
Physics Learning, Cognitive Problem-solving abilities, and overall academic performance.
Development, Psychological Cognitive factors such as working memory, cognitive load,
Factors, Cognitive Load and metacognition are critical in processing complex physics
Theory, Educational concepts. Working memory limitations can hinder students'
Psychology, Metacognition. - apjfity to retain and manipulate information, while excessive
cognitive load may overwhelm learners and reduce their
capacity to focus on essential aspects of the material.
1 Corresponding author: Metacognitive skills, like self-regulation and monitoring one's
=ajay@becollegeasansolacin -y qerstanding, are also vital for effective learning in physics.
Psychological factors, such as motivation, anxiety, and self-
efficacy, further impact students' engagement and
performance. High levels of anxiety can create barriers to
learning by affecting concentration and confidence, while a
lack of motivation can lead to disengagement from the
subject. Self-efficacy, or the belief in one's ability to succeed,
plays a significant role in shaping students’ persistence and
effort in physics.
This paper reviews relevant research on these cognitive and
psychological challenges and suggests strategies for
addressing them in the classroom. By adopting evidence-
based teaching practices, educators can reduce cognitive
overload, foster ~motivation, and create supportive
environments that help students navigate the complexities of
physics, leading to improved learning outcomes.

The Journal of Educational Studies in Physics DOI: 10.48310/esip.2025.18642.1011

Received: 2025-03-13
Reviewed:2025-04-04
Accepted: 2025-04-06
Pages: 28 to 39

Citation (APA):
Sharma, K., A., (2025). Cognitive and Psychological Aspects of Physics
Learning. Educ. Stud. Phys., 2(1), 28-39.

d)) : https://doi.org/10.48310/esip.2025.18642.1011



https://elt.cfu.ac.ir/?_action=article&au=31466&_au=Pooria++Barzan
https://doi.org/10.48310/esip.2025.18642.1011
https://physics.cfu.ac.ir/
https://physics.cfu.ac.ir/

Journal Of Educational Studies in Physics | Volume 2, Issue 1, January 2025

1. INTRODUCTION

Physics is a fundamental science that explains the natural world through mathematical
models and theoretical concepts. However, many students find physics challenging due
to its abstract nature, complex problem-solving requirements, and mathematical rigor.
Understanding the cognitive and psychological aspects of physics learning is crucial for
developing effective teaching strategies that enhance student comprehension and
engagement.

Cognitive factors such as working memory, cognitive load, and metacognition
significantly influence how students process and retain information in physics. Working
memory limitations can lead to cognitive overload when students attempt to understand
complex topics like electromagnetism or quantum mechanics. Metacognition, or the
ability to reflect on one’s thinking processes, plays a key role in problem-solving and
conceptual understanding.

Psychological factors, including motivation, anxiety, and self-efficacy, also impact
physics learning. Many students experience physics anxiety, which hinders performance
by reducing working memory efficiency. Additionally, students with a fixed mindset
often struggle with persistence in physics, whereas those with a growth mindset tend to
perform better.

This paper explores the cognitive and psychological challenges in physics learning,
reviews existing research on these factors, and suggests instructional strategies to
improve student engagement and performance. Addressing these aspects can help make
physics education more accessible and effective for learners at all levels.

2. Cognitive Aspects of Physics Learning

Physics learning is a complex cognitive process that requires students to understand
abstract concepts, apply mathematical reasoning, and solve intricate problems. Various
cognitive factors, such as cognitive load, working memory, metacognition, and
conceptual understanding, influence how students process and retain physics
knowledge. Understanding these factors can help educators design instructional
strategies that optimize learning and enhance students' problem-solving abilities.

2.1 Piaget’s Cognitive Development Theory

Jean Piaget’s Cognitive Development Theory (1952) is a cornerstone in understanding
how learners acquire and process knowledge through distinct stages of cognitive growth
[1]. Piaget identified four stages of cognitive development, each characterized by
different capabilities and limitations in understanding the world. These stages play a
crucial role in shaping educational strategies, particularly in subjects like physics, where
abstract thinking and logical reasoning are essential.

Stages of Cognitive Development:

1) Sensorimotor Stage (0-2 years): At this stage, learning occurs primarily through
sensory experiences and motor actions. Infants explore their environment
through touch, sight, sound, and movement. Since their cognitive processes are
rooted in immediate sensory input and motor responses, they lack the ability to
comprehend abstract concepts, including those found in physics. Thus, physics
education is not applicable at this stage, but early sensory interactions with
objects can lay a foundation for future learning.
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i)

Preoperational Stage (2-7 years): In this stage, children begin to use symbols and
language to represent objects and ideas. However, their thinking is still
egocentric and lacks logical reasoning. They struggle with understanding
conservation, cause-and-effect relationships, and complex problem-solving.
Nevertheless, basic physical phenomena can be introduced through engaging,
hands-on experiences. Simple experiments, such as observing how objects sink
or float in water or playing with magnets, can help them develop curiosity about
physical principles.

Concrete Operational Stage (7-11 years): During this phase, children develop
logical thinking skills but remain primarily grounded in concrete experiences.
They begin to understand conservation, classification, and cause-and-effect
relationships, allowing them to grasp fundamental scientific principles.
However, abstract concepts remain challenging. In physics education, students
at this stage benefit from experiments and demonstrations that illustrate
Newtonian mechanics, forces, motion, and basic energy transformations. Hands-
on activities, such as using simple machines, measuring forces with spring
scales, or observing the effects of friction, reinforce their understanding of
physical laws.

Formal Operational Stage (11+ years): In this final stage, individuals develop the
ability to think abstractly, reason logically, and engage in hypothetical and
deductive reasoning. This cognitive shift enables students to comprehend
advanced physics topics such as quantum mechanics, relativity, and
electromagnetism. At this stage, problem-solving exercises, mathematical
modelling, and thought experiments become effective teaching methods.
Encouraging students to explore real-world applications of physics, such as
astrophysics or engineering challenges, enhances their engagement and deepens
their conceptual understanding.

Application in Physics Education:

To optimize physics education, teaching strategies should align with students’ cognitive
developmental stages.

i)

i)

For younger learners in the preoperational stage, interactive and tangible
learning experiences are crucial. Teachers should use visual aids, physical
demonstrations, and hands-on activities to introduce fundamental concepts in an
accessible manner.

During the concrete operational stage, students benefit from structured
experiments that allow them to apply logic and observation to understand
scientific principles. Teachers should ensure concepts are presented through
real-world examples and practical applications.

As students transition to the formal operational stage, they can handle abstract
reasoning, mathematical representations, and theoretical discussions. Educators
should gradually introduce complex topics, ensuring a strong foundation in
fundamental principles before progressing to advanced theories.

By structuring physics education in accordance with Piaget’s cognitive development
theory, educators can enhance students’ learning experiences, fostering deeper
understanding and long-term retention of scientific knowledge.
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2.2 Vygotsky’s Social Constructivism

Lev Vygotsky’s Social Constructivism Theory (1978) highlights the importance of
social interaction in the learning process [2]. Unlike Jean Piaget, who focused on
individual cognitive development, Vygotsky argued that knowledge is constructed
through collaboration and communication with others. He believed that learning occurs
in a cultural and social context, where interactions with teachers, peers, and more
knowledgeable individuals play a vital role in cognitive development. Vygotsky’s
theory introduces several key concepts that are particularly relevant to physics
education.

Key Concepts of Vygotsky’s Social Constructivism:

i) Zone of Proximal Development (ZPD): The ZPD refers to the gap between what a
learner can do independently and what they can accomplish with guidance. In
physics education, students often struggle with abstract and complex concepts.
By providing appropriate support, such as hints, questions, or guided problem-
solving, teachers and peers can help students move beyond their current abilities.
This scaffolding process allows learners to gradually master difficult topics,
such as Newton’s laws or electromagnetism, by building on prior knowledge
and experience.

i) More Knowledgeable Other (MKO): The MKO refers to individuals who have a
higher level of understanding or expertise in a particular subject. These can be
teachers, peers, or even digital learning resources. In physics education, the role
of the MKO is crucial in helping students grasp new concepts. Peer discussions,
group activities, and teacher-led demonstrations facilitate the learning process by
providing different perspectives and explanations. Engaging with an MKO helps
students refine their understanding and correct misconceptions through
interaction and dialogue.

iii) Language and Thought: Vygotsky emphasized that language is fundamental to
cognitive development. He believed that thought is shaped through verbal
interaction and that explaining concepts aloud enhances understanding. In
physics classrooms, encouraging students to discuss problems, explain their
reasoning, and engage in scientific discourse fosters deeper comprehension.
Verbalizing problem-solving strategies, debating ideas with peers, and writing
explanations in journals all contribute to conceptual clarity and retention.

Application in Physics Education:

Collaborative Learning: Learning physics is more effective when students work together.
Group discussions, peer tutoring, and collaborative problem-solving activities allow
learners to share ideas and challenge each other’s reasoning. This approach encourages
active engagement with the material and helps students construct knowledge socially
rather than passively receiving information.

Scaffolding: Teachers play a crucial role in providing structured guidance to students.
Scaffolding involves offering step-by-step assistance in the early stages of learning and
gradually reducing support as students gain confidence. In physics, this can be done
through guided inquiry, structured lab experiments, or problem-solving frameworks that
help students break down complex ideas into manageable parts. As students develop
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proficiency, they become more independent in their thinking and application of physics
concepts.

Context-Based Learning: Connecting physics concepts to real-world scenarios enhances
student engagement and understanding. By relating abstract principles to everyday
experiences—such as discussing the physics of sports, space exploration, or energy
conservation—students find the subject more relevant and meaningful. Context-based
learning helps bridge the gap between theory and practical application, making physics
more accessible and interesting.

Vygotsky’s Social Constructivism provides valuable insights into effective physics
education by emphasizing collaboration, guided learning, and language-based cognitive
development. By incorporating these principles, educators can create a more interactive
and supportive learning environment that enhances students’ conceptual understanding
and problem-solving skills.

2.3 Cognitive Load and Working Memory

Cognitive Load Theory (Sweller, 1988) explains that learning is constrained by the
limitations of working memory, which can only process a limited amount of
information at a time [3]. In physics education, students often encounter complex
equations, multiple variables, and abstract concepts, which can lead to cognitive
overload. Understanding different types of cognitive load can help optimize
instructional methods for better learning outcomes.

Types of Cognitive Load:

i) Intrinsic Load: This refers to the inherent complexity of the material and the
learner’s prior knowledge. For example, understanding Newton’s laws requires
foundational knowledge of force and motion. The difficulty of the subject matter
cannot be eliminated but can be managed through effective teaching strategies.

i) Extraneous Load: This results from poor instructional design or unnecessary
information that distracts from learning. Overly complex diagrams, excessive
text, or confusing explanations can overload working memory and hinder
comprehension. Minimizing extraneous load is crucial for effective learning.

iii) Germane Load: This is the productive cognitive effort that contributes to deeper
understanding and schema development. Activities such as analyzing different
problem-solving strategies, drawing connections between concepts, and
engaging in critical thinking enhance germane load.

Strategies to Optimize Cognitive Load:

Minimize Extraneous Load:
i) Use clear and concise explanations.
i) Provide structured and well-labelled diagrams.
iii) Present step-by-step solutions to guide students through complex problems.

Manage Intrinsic Load:
i) Break down complex topics into smaller, manageable parts.
i) Use worked examples before introducing independent problem-solving.
iii) Scaffold learning by gradually increasing the complexity of tasks.
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Enhance Germane Load:
i) Encourage active learning through discussions and group problem-solving.
i) Use interactive simulations and visualizations to reinforce understanding.
iii) Promote metacognition by asking students to reflect on their learning process.

By applying these strategies, educators can balance cognitive load, making physics
education more effective and accessible. A well-designed instructional approach ensures
that students can process information efficiently, leading to better retention and deeper
comprehension.

2.4 Metacognition and Self-Regulation

Metacognition refers to the ability to think about one’s own thinking and regulate
learning processes, as defined by Schraw and Dennison (1994) [4]. In physics
education, metacognitive skills enable students to become aware of their problem-
solving strategies, reflect on their mistakes, and improve their ability to approach
complex problems systematically. By actively engaging in metacognitive processes,
learners develop a deeper understanding of physics concepts and enhance their problem-
solving efficiency.

i) Self-Explanation

One effective metacognitive strategy is self-explanation, which involves verbalizing
reasoning during problem-solving. When students articulate their thought processes,
they reinforce their understanding and make connections between concepts. This
approach encourages them to critically evaluate their methods and refine their problem-
solving skills.

ii) Reflection and Error Analysis

Reflection and error analysis play a crucial role in developing metacognitive awareness.
By reviewing incorrect answers and identifying misconceptions, students can correct
their errors and strengthen their conceptual grasp. Engaging in structured reflection
allows learners to recognize patterns in their mistakes and develop strategies to avoid
them in the future.

iii) Planning and Goal-Setting

Planning and goal-setting are essential components of metacognition. Teaching students
to outline steps before solving physics problems helps them organize their thoughts and
approach problem-solving in a structured manner. Establishing clear goals enables
learners to monitor their progress and adjust their strategies as needed. This process
fosters a sense of control over their learning, encouraging independence and persistence
in tackling challenging problems.

iv) Fostering Metacognition in Physics Education

By fostering metacognition, educators empower students to take ownership of their
learning. Developing self-regulation skills enhances students’ ability to assess their
understanding, adjust their strategies, and approach physics problems with confidence.
Through consistent practice of metacognitive techniques, learners become more
independent, efficient, and proficient in applying physics concepts to real-world
situations.
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2.5 Conceptual Understanding vs. Rote Memorization

Rote memorization of formulas may provide short-term results, but deep conceptual
understanding leads to better long-term retention and problem-solving skills. Research
suggests that students who focus on conceptual learning are better equipped to apply
physics principles to various situations.

i) Inquiry-Based Learning

Students explore and construct their own understanding through investigation. By
engaging in experiments and exploring problems, they develop a deeper grasp of
physics principles rather than simply memorizing equations. This method encourages
curiosity, critical thinking, and independent learning.

ii) Analogies and Real-World Applications

Relating abstract concepts to everyday experiences helps make physics more accessible.
Using familiar examples, such as comparing electric circuits to water flow or Newton’s
laws to common activities like pushing a cart, allows students to form meaningful
connections with the material and understand its practical applications.

iii) Active Learning

Techniques like Peer Instruction, Think-Pair-Share, and hands-on experiments foster
deeper understanding. Engaging in discussions, collaborative problem-solving, and
interactive demonstrations helps students articulate their reasoning, question
assumptions, and reinforce their conceptual grasp of physics.

By shifting from rote memorization to conceptual understanding, students develop
stronger problem-solving skills and a more profound grasp of physics principles.
Encouraging them to think beyond equations and focus on underlying concepts equips
them with the skills necessary for applying physics knowledge in both academic and
real-world contexts.

Cognitive factors play a pivotal role in how students engage with and understand
physics. Addressing cognitive load, enhancing metacognitive skills, and fostering deep
conceptual understanding can significantly improve physics learning. Educators should
employ strategies that reduce cognitive overload, encourage reflective thinking, and
promote active engagement to optimize student learning and problem-solving in
physics.

3. Psychological Influences on Physics Learning

Physics learning is not only influenced by cognitive factors but also by psychological
aspects such as motivation, anxiety, self-efficacy, and mindset. These factors
significantly impact students’ engagement, confidence, and overall academic
performance. Addressing these psychological influences can create a more effective
learning environment and improve students' success in physics.

3.1. Physics Anxiety and Its Effects

Physics is often perceived as a difficult subject, leading to physics anxiety, which
negatively affects students’ academic performance. Anxiety consumes cognitive
resources, reducing working memory capacity and problem-solving efficiency. Many
students struggle with physics due to fear of failure, difficulty grasping abstract
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concepts, or past negative experiences. This anxiety can cause them to avoid physics-
related tasks, leading to poor performance and decreased interest in the subject.

Strategies to Reduce Physics Anxiety

Creating a supportive learning environment that emphasizes conceptual understanding
rather than rote learning can help students feel more comfortable with physics. Teachers
should encourage active participation and curiosity instead of focusing solely on correct
answers. Using low-stakes assessments, such as quizzes or practice problems, helps
build confidence before high-stakes exams. This gradual exposure reduces anxiety and
enhances performance. Promoting a growth mindset, which emphasizes that physics
skills improve with effort and practice, can also help students overcome fear and
develop perseverance in learning.

3.2. Motivation in Physics Learning

Motivation plays a crucial role in students’ persistence and engagement in physics.
According to Self-Determination Theory (Deci & Ryan, 1985), motivation can be
categorized as intrinsic (driven by curiosity and personal interest) and extrinsic (driven
by external rewards like grades or approval) [5]. Intrinsically motivated students are
more likely to engage deeply with the material, leading to long-term retention and a
greater appreciation for physics. In contrast, extrinsic motivation can be effective in the
short term but may reduce students’ interest over time if not complemented by intrinsic
factors.

Ways to Enhance Motivation

Showing real-world applications of physics makes learning more meaningful and
relevant. Connecting physics concepts to everyday life, such as in technology,
engineering, and medicine, helps students see the subject's practical significance.
Encouraging collaborative learning through group projects and discussions promotes
teamwork and idea-sharing, fostering a sense of community and enhancing problem-
solving skills. Providing positive feedback that reinforces effort rather than just correct
answers builds self-confidence and encourages students to persist in challenging
material. Recognizing progress and improvement helps students develop a more
positive attitude toward physics.

3.3. Self-Efficacy and Academic Performance

Self-efficacy (Bandura, 1997) refers to a student’s belief in their ability to succeed in
physics. Higher self-efficacy leads to greater perseverance, better problem-solving
skills, and improved academic performance[6]. When students believe they can master
physics, they are more likely to engage with difficult problems and persist through
challenges. Conversely, students with low self-efficacy may struggle with self-doubt
and avoid complex tasks, further hindering their learning.

Boosting Self-Efficacy in Physics
Using scaffolding techniques, where teachers provide structured support that is

gradually removed as students gain confidence, helps build self-efficacy. Offering
challenging yet achievable problems allow students to develop problem-solving skills
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without becoming overwhelmed. Encouraging peer mentoring, where advanced students
support beginners, fosters a collaborative learning environment and helps struggling
students gain confidence. When students see their peers succeeding, they become more
motivated to improve their own understanding of physics.

3.4. The Role of Mindset in Learning Physics

The concept of a growth mindset, introduced by Dweck (2006), suggests that students
who believe intelligence can be developed through effort are more likely to succeed,
whereas those with a fixed mindset believe abilities are innate and unchangeable [7].
Students with a growth mindset are more resilient, view mistakes as learning
opportunities, and persist in challenging tasks. In contrast, students with a fixed mindset
may avoid difficult problems out of fear of failure.

Encouraging a Growth Mindset

Reframing mistakes as learning opportunities helps students understand that errors are a
natural part of the learning process. Teachers should use encouraging language that
emphasizes effort over innate ability, reinforcing the idea that persistence leads to
improvement. Showcasing success stories of scientists who overcame challenges
demonstrates that failure is a stepping stone to success. Providing constructive feedback
that focuses on strategies for improvement rather than just the correctness of answers
helps students develop resilience and confidence in their abilities.

Psychological factors play a vital role in physics education. By addressing physics
anxiety, enhancing motivation, fostering self-efficacy, and promoting a growth mindset,
educators can create a more positive and effective learning environment. When students
feel supported, confident, and motivated, they are more likely to engage deeply with
physics concepts, develop stronger problem-solving skills, and achieve long-term
academic success. Recognizing and addressing these psychological influences can
transform students’ attitudes toward physics, making the subject more approachable and
enjoyable.

4. Strategies for Enhancing Physics Learning

To improve students’ understanding and engagement in physics, educators must
implement effective teaching strategies that address cognitive, psychological, and
pedagogical challenges. The following strategies focus on optimizing instruction,
reducing cognitive load, fostering motivation, and promoting deep conceptual
understanding.

i) Active Learning Techniques

Active learning shifts students from passive listeners to active participants, enhancing
retention and problem-solving skills. Peer instruction (Mazur, 1997) encourages
students to discuss conceptual questions in small groups before answering, helping them
articulate their thoughts and refine their understanding [8]. Think-Pair-Share promotes
collaborative problem-solving by allowing students to first think independently, then
discuss with a partner, and finally share their insights with the class. Inquiry-Based
Learning immerses students in physics concepts through experiments and guided
discovery, enabling them to develop their reasoning skills and scientific thinking.
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ii) Reducing Cognitive Load

The complexity of physics concepts can overwhelm students, making it essential to
reduce cognitive load through strategic teaching methods. Scaffolding breaks down
complex problems into smaller, more manageable steps, allowing students to build
confidence and mastery progressively. Worked examples provide step-by-step solutions
before students engage in independent problem-solving, reinforcing their understanding
of problem-solving processes. Visual aids and simulations, such as animations,
diagrams, and virtual labs, help clarify abstract concepts by providing dynamic and
interactive representations of physical phenomena.

iii) Enhancing Conceptual Understanding

Developing a deep understanding of physics requires connecting theoretical concepts
with real-world experiences. Real-world applications link physics principles to
everyday life, such as exploring the physics of sports, space travel, or technological
innovations, making learning more relevant and engaging. Analogies and models
simplify abstract ideas by relating them to familiar concepts, such as comparing electric
circuits to water flow, which enhances students’ comprehension. Interactive
simulations, such as PhET Interactive Simulations, provide hands-on experiences that
allow students to manipulate variables and observe real-time effects, reinforcing
conceptual understanding.

iv) Addressing Psychological Barriers

Psychological factors play a crucial role in physics learning, and addressing these
barriers can improve student confidence and engagement. Encouraging a growth
mindset reinforces the idea that physics skills develop through effort and perseverance,
helping students overcome self-doubt. Reducing physics anxiety involves creating a
supportive environment where students feel comfortable asking questions and using
low-stakes assessments to build confidence before high-stakes exams. Building self-
efficacy through positive feedback and progressively challenging problems helps
students develop a sense of accomplishment and the belief that they can succeed in
physics.

v) Assessment and Feedback Strategies

Effective assessment and feedback strategies are essential for monitoring student
progress and guiding their learning journey. Formative assessments, such as frequent
quizzes and concept tests, help educators gauge student understanding and adjust
instruction accordingly. Immediate feedback allows students to correct misconceptions
early, preventing them from solidifying incorrect knowledge. Reflective learning
encourages students to analyse their mistakes, understand where they went wrong, and
develop better problem-solving approaches, fostering a culture of continuous
improvement.

By integrating active learning strategies, cognitive load management, psychological
support, and effective assessment techniques, educators can create a student-centered
physics learning environment. These approaches enhance conceptual understanding,
motivation, and long-term success, ensuring that students develop both the confidence
and skills needed to excel in physics.
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5. CONCLUSION

The process of learning physics is shaped by a complex interplay of cognitive and
psychological factors. To enhance students' comprehension and engagement, educators
must implement strategies that address both aspects effectively. Cognitive factors, such
as working memory limitations, cognitive load, and metacognitive skills, influence how
students absorb, process, and retain abstract physics concepts. Meanwhile,
psychological elements—including motivation, self-efficacy, anxiety, and mindset—
play a critical role in students’ confidence, persistence, and overall performance in the
subject.

One of the key challenges in physics education is the high cognitive load caused by the
subject’s abstract nature and its dependence on mathematical reasoning. By
incorporating instructional strategies such as scaffolding, worked examples, and visual
representations, educators can alleviate extraneous cognitive load, making complex
topics more accessible. Additionally, fostering metacognitive skills—such as self-
explanation, reflection, and strategic problem-solving—empowers students to take
control of their learning, promoting deeper conceptual understanding.

Beyond cognitive challenges, psychological barriers such as physics anxiety can
significantly impact student confidence and performance. Encouraging a growth
mindset, where students view intelligence and skills as developable through effort,
fosters resilience and persistence in physics learning. Moreover, motivation plays a
fundamental role in student success. Integrating real-world applications, collaborative
learning, and hands-on experiments can make physics more engaging and relatable,
enhancing both interest and retention.

To optimize student learning outcomes, a holistic, multi-faceted approach is essential.
Active learning methods—including peer instruction, inquiry-based learning, and
simulations—immerse students in the learning process, reinforcing conceptual
understanding through practical application. Formative assessments and timely,
constructive feedback allow students to identify misconceptions early, refine their
problem-solving strategies, and build confidence in their abilities.

By addressing both cognitive and psychological challenges, educators can cultivate a
learning environment that is supportive, engaging, and conducive to long-term success
in physics. A balanced approach that combines effective instructional design,
psychological support, and active engagement strategies will not only improve
conceptual understanding but also foster a positive attitude toward physics. This, in
turn, will enhance students’ academic performance, problem-solving skills, and overall
enthusiasm for the subject, ultimately preparing them for success in further studies and
real-world applications of physics.
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