CRITICAL THINKING IN INTRODUCTORY PHYSICS

DeVELOPING CRITICAL THINKING SKILLS IN INTRODUCTORY PHYSICS

CRITICAL THINKING IN INTRODUCTORY PHYSICS IS MORE THAN JUST MEMORIZING FORMULAS; IT’S THE BEDROCK UPON WHICH TRUE
UNDERSTANDING IS BUILT. INTRODUCTORY PHYSICS COURSES, OFTEN PERCEIVED AS DAUNTING, PRESENT A UNIQUE OPPORTUNITY
TO CULTIVATE ANALYTICAL REASONING AND PROBLEM-SOLVING ABILITIES THAT EXTEND FAR BEYOND THE CLASSROOM. THIS
ARTICLE DELVES INTO THE CRUCIAL ROLE OF CRITICAL THINKING IN MASTERING FUNDAMENTAL PHYSICS CONCEPTS, EXPLORING
HOW TO FOSTER THESE SKILLS THROUGH ACTIVE ENGAGEMENT, CONCEPTUAL ANALYSIS, AND STRATEGIC PROBLEM~SOLVING
TECHNIQUES. WE WILL EXAMINE THE COMMON CHALLENGES STUDENTS FACE AND PROVIDE PRACTICAL STRATEGIES FOR
OVERCOMING THEM, ULTIMATELY EMPOWERING LEARNERS TO APPROACH PHYSICS WITH CONFIDENCE AND INTELLECTUAL
CURIOSITY.
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THeE FOUNDATION oF UNDERSTANDING: WHY CRITICAL THINKING MATTERS IN
PHYSICS

INTRODUCTORY PHYSICS IS WHERE STUDENTS FIRST ENCOUNTER THE FUNDAMENTAL LAWS GOVERNING OUR UNIVERSE, FROM THE
MOTION OF OBJECTS TO THE BEHAVIOR OF LIGHT AND ELECTRICITY. W ITHOUT CRITICAL THINKING, THESE CONCEPTS CAN REMAIN
ABSTRACT AND DISCONNECTED FROM REALITY, LEADING TO ROTE MEMORIZATION RATHER THAN GENUINE COMPREHENSION.
CRITICAL THINKING ALLOWS STUDENTS TO MOVE BEYOND SIMPLY PLUGGING NUMBERS INTO EQUATIONS; IT ENCOURAGES THEM
TO QUESTION ASSUMPTIONS, ANALYZE THE VALIDITY OF GIVEN INFORMATION, AND CONSTRUCT LOGICAL ARGUMENTS BASED ON
PHYSICAL PRINCIPLES. THIS DEEPER LEVEL OF ENGAGEMENT IS ESSENTIAL FOR NOT ONLY SUCCEEDING IN PHYSICS COURSES BUT
ALSO FOR DEVELOPING A SCIENTIFIC MINDSET APPLICABLE TO A MYRIAD OF CHALLENGES IN LIFE.

CONSIDER, FOR INSTANCE, A PROJECTILE MOTION PROBLEM. A STUDENT WITHOUT STRONG CRITICAL THINKING SKILLS MIGHT JUST
FIND THE RELEVANT FORMULA AND SUBSTITUTE VALUES. HO\X/EVEE, A CRITICAL THINKER WILL FIRST QUESTION THE CONDITIONS
STATED: IS AIR RESISTANCE NEGLIGIBLE? W/HAT ARE THE INITIAL VELOCITY COMPONENTS? IS THE MOTION OCCURRING IN A
UNIFORM GRAVITATIONAL FIELD? THESE QUESTIONS PROMPT A MORE THOROUGH ANALYSIS OF THE PROBLEM SCENARIO,
ENSURING THAT THE CHOSEN APPROACH IS APPROPRIATE AND THAT THE RESULTING ANSWER IS PHYSICALLY MEANINGFUL. THIS
ANALYTICAL APPROACH PREVENTS SUPERFICIAL LEARNING AND BUILDS A ROBUST UNDERSTANDING OF THE UNDERLYING PHYSICS.

Key CoMPONENTS OF CRITICAL THINKING IN PHYSICS

SEVERAL INTERCONNECTED COMPONENTS DEFINE CRITICAL THINKING WITHIN THE CONTEXT OF PHYSICS EDUCATION. THESE ARE
NOT ISOLATED SKILLS BUT RATHER FACETS OF A HOLISTIC APPROACH TO UNDERSTANDING AND PROBLEM-SOLVING. RECOGNIZING
AND ACTIVELY WORKING ON THESE ELEMENTS CAN SIGNIFICANTLY ENHANCE A STUDENT'S PHYSICS JOURNEY.



CoNCeEPTUAL UNDERSTANDING AND ANALYSIS

AT ITS CORE, PHYSICS IS ABOUT UNDERSTANDING CONCEPTS. CRITICAL THINKING HERE INVOLVES DISSECTING THESE CONCEPTS,
IDENTIFYING THEIR UNDERLYING PRINCIPLES, AND UNDERSTANDING THEIR INTERRELATIONSHIPS. THIS MEANS NOT JUST KNOWING
NEWTON’S THIRD LAW, BUT GRASPING WHY IT'S TRUE AND WHAT ITS IMPLICATIONS ARE IN VARIOUS SCENARIOS. |T'S ABOUT
ASKING “WHAT IF” QUESTIONS: WHAT IF THE MASSES WERE DIFFERENT? \WHAT IF THE FORCES WERE APPLIED AT DIFFERENT
POINTS? THIS DEEP DIVE PREVENTS STUDENTS FROM TREATING PHYSICS AS A SET OF DISCONNECTED FACTS AND INSTEAD
FOSTERS A COHESIVE UNDERSTANDING OF THE PHYSICAL WORLD.

LoGIcAL REASONING AND ARGUMENTATION

PHYSICS PROBLEMS OFTEN REQUIRE CONSTRUCTING A LOGICAL CHAIN OF REASONING TO ARRIVE AT A SOLUTION. CRITICAL
THINKERS CAN IDENTIFY PREMISES, DRAW VALID INFERENCES, AND EVALUATE THE STRENGTH OF EVIDENCE SUPPORTING A
PARTICULAR CONCLUSION. THIS IS VITAL WHEN APPLYING PHYSICAL LAWS. FOR EXAMPLE, WHEN ANALYZING A CIRCUIT, A
STUDENT MUST USE OHM'S LAW AND KIRCHHOFF'S RULES IN A LOGICAL SEQUENCE TO DETERMINE CURRENTS AND VOLTAGES.
THEY MUST BE ABLE TO ARTICULATE WHY A CERTAIN STEP IS TAKEN, LINKING IT BACK TO FUNDAMENTAL PRINCIPLES, RATHER
THAN JUST PRESENTING A SERIES OF CALCULATIONS. THIS ALSO EXTENDS TO EVALUATING ARGUMENTS PRESENTED BY OTHERS
OR IDENTIFYING FLAWS IN THEIR OWN REASONING.

PROBLEM-SOLVING STRATEGIES AND METHODOLOGIES

CRITICAL THINKING IN PHYSICS PROBLEM-SOLVING GOES BEYOND SIMPLY APPLYING FORMULAS. |T INVOLVES SELECTING THE
APPROPRIATE PROBLEM~SOLVING STRATEGY, OFTEN INVOLVING SEVERAL STEPS. THIS MIGHT INCLUDE DRAWING DIAGRAMS,
IDENTIFYING KNOWNS AND UNKNOWNS, CHOOSING RELEVANT EQUATIONS, AND CHECKING THE UNITS AND DIMENSIONALITY OF THE
ANSWER. A CRITICAL THINKER WILL CONSIDER ALTERNATIVE APPROACHES AND EVALUATE WHICH IS MOST EFFICIENT OR
INSIGHTFUL. THEY WILL ALSO PAUSE TO CONSIDER THE PHYSICAL SIGNIFICANCE OF INTERMEDIATE RESULTS, NOT JUST THE FINAL
NUMBER.

EVALUATION OF INFORMATION AND ASSUMPTIONS

REAL-WORLD PHYSICS IS RARELY PRESENTED WITH ALL IDEAL CONDITIONS EXPLICITLY STATED. INTRODUCTORY PHYSICS
PROBLEMS OFTEN INCLUDE IMPLICIT ASSUMPTIONS (LIKE NEGLECTING AIR RESISTANCE) OR REQUIRE STUDENTS TO IDENTIFY
CRUCIAL INFORMATION. CRITICAL THINKERS ARE ADEPT AT DISCERNING WHAT INFORMATION IS RELEVANT, WHAT ASSUMPTIONS
ARE BEING MADE, AND WHETHER THOSE ASSUMPTIONS ARE JUSTIFIED WITHIN THE CONTEXT OF THE PROBLEM. THIS ABILITY TO
CRITICALLY EVALUATE THE INPUT IS FUNDAMENTAL TO GENERATING ACCURATE AND MEANINGFUL OUTPUTS.

SELF-REGULATION AND METACOGNITION

THIS COMPONENT REFERS TO THE ABILITY TO MONITOR ONE'S OWN THINKING PROCESSES. A CRITICAL THINKER IN PHYSICS WILL
REGULARLY ASSESS THEIR UNDERSTANDING, IDENTIFY AREAS OF CONFUSION, AND ADJUST THEIR LEARNING STRATEGIES
ACCORDINGLY. THIS MIGHT INVOLVE RE-READING A CONCEPT, SEEKING CLARIFICATION, OR TRYING A DIFFERENT APPROACH TO A
PROBLEM. METACOGNITION, OR THINKING ABOUT ONE'S THINKING, IS A POWERFUL TOOL FOR CONTINUOUS IMPROVEMENT AND
ENSURES THAT LEARNING IS AN ACTIVE, RATHER THAN PASSIVE, PROCESS.

STRATEGIES FOR CULTIVATING CRITICAL THINKING SKILLS

DEVELOPING CRITICAL THINKING IN INTRODUCTORY PHYSICS IS AN ACTIVE PROCESS THAT REQUIRES CONSCIOUS EFFORT AND THE
APPLICATION OF SPECIFIC STRATEGIES. THESE METHODS ARE DESIGNED TO MOVE STUDENTS BEYOND PASSIVE RECEPTION OF
INFORMATION TO ACTIVE ENGAGEMENT WITH THE MATERIAL.



ACTIVE LEARNING TECHNIQUES

ENGAGING ACTIVELY WITH THE MATERIAL IS PARAMOUNT. THIS MEANS PARTICIPATING IN CLASS DISCUSSIONS, ASKING
QUESTIONS FREQUENTLY, AND TRYING TO EXPLAIN CONCEPTS IN YOUR OWN \WORDS. THINK-PAIR-SHARE ACTIVITIES, WHERE
STUDENTS DISCUSS A PROBLEM WITH A PARTNER BEFORE SHARING WITH THE CLASS, ARE EXCELLENT FOR DEVELOPING REASONING
SKILLS. EVEN SMALL ACTS OF ENGAGEMENT, LIKE TRYING TO PREDICT THE OUTCOME OF AN EXPERIMENT BEFORE IT's PERFORMED,
FOSTER CRITICAL ANALYSIS.

CoNCEPT MAPPING AND VISUALIZATION

VISUALIZING PHYSICAL SYSTEMS AND RELATIONSHIPS CAN GREATLY ENHANCE CONCEPTUAL UNDERSTANDING. CREATING CONCEPT
MAPS THAT ILLUSTRATE THE CONNECTIONS BETWEEN DIFFERENT PHYSICS PRINCIPLES AND FORMULAS CAN REVEAL LOGICAL
PATHWAYS AND IDENTIFY GAPS IN UNDERSTANDING. SIMILARLY, DRAWING CLEAR AND ACCURATE DIAGRAMS FOR PROBLEMS HELPS
IN IDENTIFYING FORCES, VELOCITIES, AND OTHER RELEVANT QUANTITIES, FORCING A DEEPER ENGAGEMENT WITH THE PHYSICAL
SETUP.

QUESTIONING ASSUMPTIONS AND EXPLORING “WHAT IF” ScenNArios

W/HEN FACED WITH A PHYSICS PROBLEM OR CONCEPT, MAKE IT A HABIT TO QUESTION THE GIVEN INFORMATION AND UNDERLYING
ASSUMPTIONS. ASK YOURSELF: WHAT IF THIS VARIABLE WERE DIFFERENT? \W/HAT IF THE CONDITIONS CHANGED? THIS NOT ONLY
DEEPENS YOUR UNDERSTANDING OF THE SPECIFIC PROBLEM BUT ALSO BUILDS A MORE ROBUST CONCEPTUAL FRAMEWORK. FOR
INSTANCE, IN A SIMPLE CIRCUIT PROBLEM, CONSIDER WHAT HAPPENS IF THE RESISTANCE INCREASES OR IF A NE\W COMPONENT IS
ADDED. THIS EXPLORATORY MINDSET IS A HALLMARK OF CRITICAL THINKING.

SEEkING DIVERSE PROBLEM-SOLVING APPROACHES

RESIST THE URGE TO FIND ONE WAY TO SOLVE A PROBLEM AND STICK TO IT. ACTIVELY LOOK FOR ALTERNATIVE METHODS. CAN
THIS PROBLEM BE SOLVED USING ENERGY PRINCIPLES INSTEAD OF FORCE PRINCIPLES? ARE THERE GRAPHICAL METHODS THAT
COULD BE APPLIED? EXPLORING MULTIPLE SOLUTIONS REINFORCES THE INTERCONNECTEDNESS OF PHYSICS CONCEPTS AND
SHARPENS ANALYTICAL SKILLS BY FORCING YOU TO COMPARE AND CONTRAST DIFFERENT APPROACHES.

¥/ ORkING THROUGH EXAMPLES AND PRACTICE PROBLEMS SYSTEMATICALLY

PRACTICE IS CRUCIAL, BUT IT MUST BE THOUGHTFUL PRACTICE. W/HEN WORKING THROUGH EXAMPLES, DON,TJUST READ THE
SOLUTION. TRY TO SOLVE IT YOURSELF FIRST. IF YOU GET STUCK, ANALYZE WHY YOU'RE STUCK. W/HEN WORKING ON
PRACTICE PROBLEMS, TRY TO ARTICULATE YOUR THOUGHT PROCESS AT EACH STEP. WHAT PRINCIPLE ARE YOU APPLYING?
WHAT INFORMATION ARE YOU USING? THIS SYSTEMATIC APPROACH TRANSFORMS PRACTICE FROM ROTE EXERCISE INTO A TOOL
FOR DEVELOPING CRITICAL THINKING.

ENGAGING IN PEER TEACHING AND DISCUSSION

EXPLAINING A PHYSICS CONCEPT OR A PROBLEM SOLUTION TO SOMEONE ELSE IS AN INCREDIBLY EFFECTIVE WAY TO SOLIDIFY
YOUR OWN UNDERSTANDING AND IDENTIFY AREAS WHERE YOUR REASONING MIGHT BE WEAK. \W/HEN PEERS EXPLAIN THEIR
APPROACHES TO YOU, LISTEN ACTIVELY AND ASK CLARIFYING QUESTIONS. THIS COLLABORATIVE LEARNING ENVIRONMENT
FOSTERS INTELLECTUAL DEBATE AND ALLOWS FOR THE CONSTRUCTIVE CRITIQUE OF IDEAS, A VITAL ASPECT OF CRITICAL
THINKING.



OVERCOMING CoMMON CHALLENGES IN DEVELOPING PHYSICS THINKING

MANY STUDENTS ENCOUNTER HURDLES WHEN TRYING TO DEVELOP CRITICAL THINKING SKILLS IN PHYSICS. RECOGNIZING THESE
COMMON PITFALLS IS THE FIRST STEP TOWARD OVERCOMING THEM AND BUILDING A MORE RESILIENT APPROACH TO LEARNING.

FEArR OoF MAKING MISTAKES

ONE OF THE MOST SIGNIFICANT BARRIERS IS THE FEAR OF BEING WRONG. THIS ANXIETY CAN PREVENT STUDENTS FROM ASKING
QUESTIONS, ATTEMPTING PROBLEMS, OR VOICING THEIR INITIAL THOUGHTS. IT'S CRUCIAL TO REMEMBER THAT MISTAKES ARE NOT
FAILURES BUT OPPORTUNITIES FOR LEARNING. EVERY ERROR PROVIDES VALUABLE INSIGHT INTO MISUNDERSTANDINGS AND HELPS
REFINE ONE'S APPROACH. CREATING A SUPPORTIVE LEARNING ENVIRONMENT WHERE QUESTIONING AND EXPERIMENTATION ARE
ENCOURAGED IS VITAL.

OVER-RELIANCE ON FORMULAS

A COMMON TENDENCY IS TO VIEW PHYSICS AS A COLLECTION OF FORMULAS TO BE MEMORIZED AND PLUGGED INTO. THIS
SUPERFICIAL APPROACH NEGLECTS THE UNDERLYING PHYSICAL PRINCIPLES. TO COUNTER THIS, FOCUS ON UNDERSTANDING WHAT
EACH FORMULA REPRESENTS PHYSICALLY AND WHEN IT IS APPLICABLE. ALWAYS TRY TO DERIVE FORMULAS OR UNDERSTAND
THEIR ORIGIN FROM MORE FUNDAMENTAL LAWS. THIS BUILDS A CONCEPTUAL FOUNDATION THAT IS FAR MORE ROBUST THAN
ROTE MEMORIZATION.

DIFFICULTY IN TRANSLATING W ORD PROBLEMS TO PHYSICAL MODELS

\¥/ ORD PROBLEMS CAN BE CHALLENGING BECAUSE THEY REQUIRE TRANSLATING A NARRATIVE INTO A QUANTIFIABLE PHYSICAL
SCENARIO. THIS INVOLVES IDENTIFYING THE RELEVANT PHYSICAL QUANTITIES, MAKING APPROPRIATE ASSUMPTIONS, AND
SKETCHING DIAGRAMS. STUDENTS WHO STRUGGLE WITH THIS OFTEN BENEFIT FROM BREAKING DOWN WORD PROBLEMS INTO
SMALLER STEPS: WHAT IS HAPPENING? W/HAT FORCES ARE INVOLVED? \WHAT ARE THE INITIAL AND FINAL STATES? PRACTICING
WITH A VARIETY OF WORD PROBLEMS AND ANALYZING SUCCESSFUL TRANSLATION STRATEGIES CAN IMPROVE THIS SKILL.

LAck oF ConcerTUAL CONNECTIONS BETWEEN ToPICS

PHYSICS IS A HIERARCHICAL SUBJECT WHERE LATER TOPICS OFTEN BUILD UPON EARLIER ONES. STUDENTS MAY STRUGGLE IF THEY
DON'T SEE THESE CONNECTIONS, TREATING EACH CHAPTER AS AN INDEPENDENT UNIT. ACTIVELY SEEKING OUT THESE LINKS IS
IMPORTANT. FOR EXAMPLE, UNDERSTANDING WORK AND ENERGY IS ESSENTIAL FOR MANY MECHANICS PROBLEMS, AND
UNDERSTANDING ELECTRIC FIELDS IS CRUCIAL FOR ELECTROMAGNETISM. REGULAR REVIEW AND EXPLICIT EFFORTS TO CONNECT
NEW MATERIAL TO PRIOR KNOWLEDGE ARE KEY.

PAssIVE LEARNING HABITS

SIMPLY ATTENDING LECTURES AND READING THE TEXTBOOK WITHOUT ACTIVE ENGAGEMENT WILL NOT FOSTER CRITICAL
THINKING. STUDENTS NEED TO BE PARTICIPANTS IN THEIR LEARNING. THIS MEANS ASKING QUESTIONS, WORKING THROUGH
PROBLEMS INDEPENDENTLY , DISCUSSING CONCEPTS WITH PEERS, AND REFLECTING ON THEIR UNDERSTANDING. SHIFTING FROM A
PASSIVE RECIPIENT OF INFORMATION TO AN ACTIVE CONSTRUCTOR OF KNOWLEDGE IS ESSENTIAL FOR DEVELOPING ANALYTICAL
SKILLS.

THE LoONG-TERM BeENEFITS oF STRONG CRITICAL THINKING IN PHYSICS



THE SKILLS DEVELOPED THROUGH CRITICAL THINKING IN INTRODUCTORY PHYSICS EXTEND FAR BEYOND ACHIEVING A GOOD GRADE
IN THE COURSE. THEY ARE TRANSFERABLE ASSETS THAT WILL SERVE INDIVIDUALS WELL THROUGHOUT THEIR ACADEMIC CAREERS
AND PROFESSIONAL LIVES, REGARDLESS OF THEIR CHOSEN FIELD.

FIRSTLY, CRITICAL THINKING CULTIVATES PROBLEM-SOLVING PROWESS. PHYSICS PROBLEMS, BY THEIR NATURE, DEMAND LOGICAL
ANALYSIS, HYPOTHESIS FORMATION, AND EVIDENCE-BASED REASONING. THESE ARE PRECISELY THE SKILLS NEEDED TO TACKLE
COMPLEX CHALLENGES IN ENGINEERING, MEDICINE, BUSINESS, AND VIRTUALLY ANY OTHER DISCIPLINE. THE ABILITY TO DISSECT A
PROBLEM, IDENTIFY ITS CORE COMPONENTS, AND DEVISE A SYSTEMATIC SOLUTION IS INVALUABLE.

SECONDLY/ IT FOSTERS INTELLECTUAL CURIOSITY AND ADAPTABILITY. A CRITICAL THINKER IS NOT CONTENT WITH ACCEPTING
INFORMATION AT FACE VALUE. THEY ARE DRIVEN TO UNDERSTAND THE "WHY' AND ,HO\X/,I LEADING TO A DEEPER ENGAGEMENT
WITH LEARNING. THIS INHERENT CURIOSITY MAKES INDIVIDUALS MORE ADAPTABLE TO NEW INFORMATION AND CHANGING
CIRCUMSTANCES. IN A RAPIDLY EVOLVING WORLD, THE CAPACITY TO LEARN, UNLEARN, AND RELEARN IS A SIGNIFICANT
ADVANTAGE.

FURTHERMORE, CRITICAL THINKING ENHANCES DECISION-MAKING ABILITIES. BY EVALUATING EVIDENCE, CONSIDERING DIFFERENT
PERSPECTIVES, AND ANTICIPATING CONSEQUENCES, INDIVIDUALS CAN MAKE MORE INFORMED AND RATIONAL DECISIONS. THIs
APPLIES TO PERSONAL CHOICES, PROFESSIONAL STRATEGIES, AND EVEN CIVIC ENGAGEMENT. THE STRUCTURED THINKING
DEVELOPED IN PHYSICS PROVIDES A ROBUST FRAMEWORK FOR EVALUATING COMPLEX SITUATIONS AND CHOOSING THE MOST
LOGICAL COURSE OF ACTION.

FINALLY, DEVELOPING STRONG CRITICAL THINKING SKILLS IN PHYSICS INSTILLS A SENSE OF CONFIDENCE. AS STUDENTS BECOME
MORE ADEPT AT UNDERSTANDING COMPLEX CONCEPTS AND SOLVING CHALLENGING PROBLEMS, THEIR SELF-EFFICACY GROWS. THiS
CONFIDENCE EMPOWERS THEM TO TAKE ON NEW CHALLENGES AND PURSUE AMBITIOUS GOALS, KNOWING THEY POSSESS THE
ANALYTICAL TOOLS TO NAVIGATE THEM. THE ANALYTICAL RIGOR LEARNED IN PHYSICS IS A LIFELONG ASSET, SHAPING HOW ONE
PERCEIVES AND INTERACTS WITH THE WORLD.

FREQUENTLY AskeD QUESTIONS

Q: How cAN | IMPROVE MY ABILITY TO ANALYZE PHYSICS PROBLEMS QUALITATIVELY?

A: TO IMPROVE QUALITATIVE ANALYSIS, FOCUS ON UNDERSTANDING THE UNDERLYING PHYSICAL PRINCIPLES BEFORE LOOKING AT
EQUATIONS. DRAW DIAGRAMS, IDENTIFY ALL FORCES AND THEIR DIRECTIONS, AND THINK ABOUT THE RELATIONSHIPS BETWEEN
VARIABLES. ASK YOURSELF QUESTIONS LIKE “\W/HAT HAPPENS TO THE VELOCITY IF THE FORCE INCREASES?” orR “HowW DOES THE
DIRECTION OF ACCELERATION CHANGE?” THIS CONCEPTUAL APPROACH BUILDS INTUITION AND A DEEPER UNDERSTANDING, MAKING
QUANTITATIVE PROBLEM-SOLVING EASIER.

QZ \WHAT IS THE ROLE OF ANALOGIES IN DEVELOPING CRITICAL THINKING IN PHYSICS?

A: ANALOGIES CAN BE POWERFUL TOOLS FOR UNDERSTANDING ABSTRACT PHYSICS CONCEPTS BY RELATING THEM TO MORE
FAMILIAR SITUATIONS. HO\X/EVER/ CRITICAL THINKING REQUIRES EVALUATING THE LIMITATIONS OF AN ANALOGY. UNDERSTAND
WHERE THE ANALOGY HOLDS TRUE AND WHERE IT BREAKS DOWN. THIS HELPS PREVENT MISCONCEPTIONS AND ENCOURAGES A
NUANCED UNDERSTANDING OF THE PHYSICS PRINCIPLE ITSELF, RATHER THAN JUST RELYING ON THE ANALOGY.

Q: How CAN | PREVENT MYSELF FROM JUST MEMORIZING PHYSICS FORMULAS WITHOUT
UNDERSTANDING THEM?

A: ACTIVELY CHALLENGE YOURSELF TO UNDERSTAND THE ORIGIN AND DERIVATION OF EACH FORMULA. ASK YOURSELF WHAT
EACH VARIABLE REPRESENTS PHYSICALLY AND WHAT THE UNITS OF THE FORMULA ARE. TRY TO EXPLAIN THE FORMULA'S
MEANING IN YOUR OWN WORDS. W/HEN SOLVING PROBLEMS, FOCUS ON THE PHYSICAL SITUATION AND SELECT FORMULAS BASED
ON THAT UNDERSTANDING, RATHER THAN SEARCHING FOR A FORMULA THAT SEEMS TO FIT THE NUMBERS.



QZ IS IT IMPORTANT TO UNDERSTAND THE HISTORICAL CONTEXT OF PHYSICS
DISCOVERIES FOR CRITICAL THINKING?

A: YES, UNDERSTANDING THE HISTORICAL CONTEXT CAN BE VERY BENEFICIAL. |T OFTEN REVEALS THE CHALLENGES AND THOUGHT
PROCESSES THAT LED TO THE DEVELOPMENT OF CURRENT THEORIES, HIGHLIGHTING THE CRITICAL THINKING INVOLVED AT THE
TIME. KNOWING THE QUESTIONS SCIENTISTS WERE TRYING TO ANSWER AND THE EXPERIMENTS THEY CONDUCTED CAN PROVIDE
VALUABLE INSIGHTS INTO THE REASONING PROCESS AND THE EVOLUTION OF OUR UNDERSTANDING.

Q: How CAN | IDENTIFY AND CORRECT FLAWED REASONING IN MY OWN PHYSICS
PROBLEM-SOLVING?

A: REGULARLY REVIEW YOUR SOLUTIONS, NOT JUST FOR THE FINAL ANSWER, BUT FOR THE STEPS YOU TOOK. ASK YOURSELF IF
EACH STEP LOGICALLY FOLLOWS FROM THE PREVIOUS ONE AND FROM THE PHYSICAL PRINCIPLES. CHECK UNITS AND DIMENSIONS
OF YOUR INTERMEDIATE AND FINAL RESULTS. |F A RESULT SEEMS UNREASONABLE (E.G., A NEGATIVE MASS OR A SPEED FASTER
THAN LIGHT IN A NON-RELATIVISTIC CONTEXT), GO BACK AND RE-EXAMINE YOUR ASSUMPTIONS AND CALCULATIONS FOR ERRORS
IN LOGIC.

QZ \WHAT ARE SOME COMMON MISCONCEPTIONS IN INTRODUCTORY PHYSICS THAT
HINDER CRITICAL THINKING?

A: COMMON MISCONCEPTIONS INCLUDE THINKING THAT A FORCE IS NEEDED TO KEEP AN OBJECT MOVING (NE\X/TONIS FIRST LA\X/),
BELIEVING THAT HEAVIER OBJECTS FALL FASTER (IGNORING AIR RESISTANCE), OR THAT CURRENT IN A PARALLEL CIRCUIT SPLITS
EQUALLY AMONG BRANCHES. RECOGNIZING THESE PREVALENT MISUNDERSTANDINGS IS CRUCIAL FOR DEVELOPING CRITICAL
THINKING, AS IT INVOLVES ACTIVELY QUESTIONING AND CORRECTING THEM WITH EVIDENCE-BASED REASONING.
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