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How could pre-existing knowledge of physics terms prior to learning them in a physics

classroom alter the learning of physics in introductory physics courses and how do you

effectively grasp the concepts of physics?

Department of Physics-School of Natural Sciences, The University of California, Merced

PHYS 018- 01 Introductory Physics I for Biological Sciences

Dr. Antoinette Stone
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It is often that I have heard from many college students that physics was one of the

hardest classes they have taken and in my opinion after taking one college physics

course-introductory to Physics 1- I think that the class is challenging but not impossible to

understand. Throughout the course, what I have concluded is that the language is what creates

confusion because of the daily usage of some physics terms that could be interpreted differently,

pre-existing knowledge of the topic in physics from Advanced Placement physics classes in high

school which are Algebra based, and since it is being taught in English and having English as

your second language. Memorizing definitions and learning the math behind a physics term is

different than understanding the concept.

Physics terms are terms that most people use in their day-to-day language which could

create confusion when being taught in a physics classroom setting. In my experience, I found

some concepts confusing when we first learned about velocity and acceleration. Acceleration to

me meant speeding up which exactly means an increase in speed, but the term velocity is the

term used in physics for speed. When words fail us, it states that the physics teacher’s

interpretations and filtration that they developed could appear different to every student based on

how the language is developed (Tougher, 1991). In one aspect of this study, it appeared that the

more the definition of a physics term is distant from an academic definition and more into an

application to real life, then it becomes easier to understand. In my experience, what I have

found confusing as a topic was a force as it is complicated as to what exactly it means. In my

opinion, Force is the mass times the acceleration didn’t make sense to me because when talking

about an object at rest, it seemed not realistic that there were two forces that are equal that are

applied on the object at rest which are the normal force and the gravitational force that cancel

each other out and that’s why the object is at rest. In When The Word Could Fail Us, a similar
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study that was created based on the meaning of force could describe the force as noted in a

spring scale when it stretches or “push or pull force” and they have concluded that when

describing the forces that apply to an object, it is important to realize that you need to carefully

word what is happening to the object (Tougher, 1990). When I tried to explain the term forces to

another peer in a class, I realized that it is hard for them to understand forces as a topic because it

is hard to ignore the common sense of implying how a force and what force is moving an object

or keeping it at rest. In this study, Tougher instructed a method of how to explain an object’s

forces in a system of three sentences. The first sentence describes what force is being applied

outside of the normal force and the gravitational force. In the second sentence, it describes what

kind of “push or pull '' is applied on what object and if it accelerates, slows down the object.

Lastly, a conclusion sentence is the third sentence summing up if a “push or a pull” is slowing

down or accelerating the object. After reading this article, it showed me that if this topic is

explained in that way, the technique of pushing or pulling an object becomes easier to understand

but not truly useful for a force at rest. A study done by the International Journal of

Environmental & Science Education called What Makes Physics Difficult concluded that the

topic of what forces apply to an object at rest is difficult for some students to grasp because it

defies common sense even though I felt that Dr. Antoinette Stone from the University of

California, Merced had done a great job at explaining when I first learned the topic of forces in a

free body diagram that “if an object has forces that are equally acting on it thus, the object won’t

move.” This topic makes sense once you draw it in a free-body diagram because if a

gravitational force is being applied to a book on a table at rest, then why doesn’t the book break

the table and fall on the floor, it is easily explained that the gravitational force has an acceleration

of negative 9.81 meters per second squared which is equally opposed by the normal force of the
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table with an acceleration of positive 9.81 meters per second squared. In what makes physics

difficult, they have concluded a survey about that topic that included a free response to

understand in depth why some students find this topic hard to understand. The survey concluded

that the majority of students had not read the book or had utilized their resources to the best of

their abilities like asking the professor or the teacher’s assistant but some outliers had concluded

the reason they don’t understand it beyond the English language a force is moving the object, the

students did not understand how in this case the force is not being calculated accurately because

of the mass part of the formula of the force “Force equals mass times acceleration”

(Stone-Jaradat, 2021), but how the negative and the positive signs work. It is easily explained

that negative force is occurring because the acceleration is negative when discussing the

gravitational force because it is pulling downward and that when speaking of normal force, it is

positive due to the positive acceleration of going upward but that is because the mass is not being

explained but the mass of both forces is the same which is the mass of the book. the confusion is

related to two factors that were covered in the survey. First, why is the mass of the table included

in the formula even though to my understanding, it is irrelevant because the force is mass times

the acceleration and why does the gravitational force cover the mass of the book and not the

table and same goes for the normal force. Also, it is confusing because when learning about push

and pull, we obtain the idea that pushing has a positive force and pulling is a negative force. It

becomes more difficult to understand this topic when we add the topic of friction or when we

draw a body diagram that has to pull or push on the opposite side. In the survey and in Dr.

Stone’s slides about drawing a free body diagram in Physics 018 in Spring 2021 at UC Merced -

which in my opinion the best way to explain forces and movement, it is most likely that when

you are first exposed to this topic, the professor will teach that the pushing force will be on the
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right side of the object and that the pulling or friction will occur on the left side. This confused

me too because when I learn the concept, will the pushing from the right side to the left side be

pushed creating a negative or a positive force? To my knowledge, in this case, it is best to

analyze the objects’ position in a sense that the position when calculated will be a positive

answer since the position on a coordinate in the square root of the x squared and y squared

(Stone-Jaradat, 2021). In conclusion, topics where knowledge of day to day use of a word could

alter the understanding of a concept but it is a major point that common sense should not be the

only way to understand physics and physics is not a topic that you can mess with since it does

build on itself in each concept as it is a common mistake of the student to not keep up with the

understanding as homework and the textbook are also not the only way to check your knowledge

but reaching out to the teacher and their assistant.

Physics is a topic that contains lots of background information and aptitude for

understanding and having a strong background in physics prior to learning it in a college physics

classroom has its pros and cons. Physics is a topic that coexists with other natural sciences like

Biology and Chemistry, but it is unique that it could be taught in different ways rather than the

standard way of teaching Biology and Chemistry. Throughout my college career, I analyzed that

Physics requires knowledge of basic common sense which is aided by having strong

mathematical background in Algebra, Geometry, and Calculus which is constantly used with the

concepts of physics which is used more than other sciences when comparing other natural

sciences, as not every biological topic requires mathematical skills. I have taken Advanced

Placement Physics 1 in High School which is to me almost completely different from College

Physics in the way the class is structured and taught and the kind of problems that I deal with.

One of the biggest differences that are always mentioned about physics classes is that College
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Physics is calculus based while Advanced Placement Physics is Algebra based which can also

add concepts that could confuse a student who has taken Advanced Placement Physics in High

School. During Kinematics, when I first learned about motions in a straight line, the topic of

instantons velocity, average velocity, instantons acceleration, and average acceleration was a new

concept for me that I was not taught in Advanced Placement Physics as I have learned about

velocity and acceleration most of the time, it is either given in the question or could easily be

retrieved using kinematics’ equations. Instantaneous velocity is the change in position divided by

the change in time and “The instantaneous acceleration is the average acceleration in the limit as

the time interval becomes infinitesimally short” (Stone-Jaradat, 2021). This topic confused me

because I did not use these kinds of problems in Advanced Placement Physics, but it made sense

to me later on because the course is Calculus based and therefore, it covers more kinds of

problems than basic Algebra-based Physics which is mostly simple problems and concepts.

According to AP Courses Do Not Deserve College Credit, it explained how all Advanced

Placement courses including Physics 1 are taught only to take a standardized test at the end of

the year, and how the curriculum is designed to be challenging but does not give the freedom for

teachers to design their own way for teaching the class while college professors design their own

syllabi and select their own reading materials (Templo, 2020). This presents the idea that

Advanced Placement classes are not designed to be taught the same way college classes are

taught thus, not the same material would be covered in both classes and it could be fully similar.

It has been an advantage taking Advanced Placement Physics 1 before taking College Physics 1

because I had a strong knowledge of concepts and strong background for most topics, but it

became a con for me when Calculus topics and formulas mostly involved topics were first

introduced to me because they are much different than what I was taught. Also, In What Makes
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Physics Difficult, is that the biggest issue for professors in College Physics classes is what

professors mostly concluded from polls that students don’t need a physics background to

understand the class as they can easily learn it in the college course, but it is the mathematics

knowledge which is mostly Geometry and Calculus in the college level. The biggest concern for

most students that I have seen and dealt with personally is the Geometry portion of a physics

problem as sometimes while reading a question- if the question is complicated, specifically

problems with inclined objects where you need to determine the use of sin and cosine in the

problems. I found this kind of issue constantly when the question doesn’t provide a free-body

diagram and as mentioned before, some students find the concept of creating a free-body

diagram hard to grasp. Also, it is important to realize that by the time any college student is

taking college physics, it is highly likely that they still have most of the knowledge they gained

in Geometry especially if they have forgotten most of their Geometry skills.

While most English non-native speakers find that learning in a content-based class like

physics could be sometimes challenging as the language could be overwhelming. I have been in

the States for ten years now and I do consider myself to speak English fluently as I have excelled

before in Advanced English classes, but I have always found some words hard to understand or

not know what they mean because English is not my first language even if a definition is given

but when I try to understand concepts like momentum or impulse or the slide problem and some

basic words like a pulley or a spring. I did not know what they mean if not visualized. I have

learned mostly with visuals about concepts more than just the definition. It is important to

understand that most English Learners don’t have the same abilities to understand the language

and know what everything means and to me, I would not likely be able to explain physics topics

in Arabic or Greek as some terminology doesn’t exist in those languages. According to
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Mediating Language Learning: Teacher Interactions with ESL Students in a Content-Based

Classroom, The best way for English Learners to understand conceptual content is by visualizing

as a study was conducted where some English Learner students in a survey conducted after

learning scientific concepts concluded that that the students who learned the topics by just

definitions showed less understanding of topics and did worst on the math problems than the

students who learned the concepts by drawing it out on posters and presenting them in projects

(Gibbons, 2003). Another way, I found it really engaging is creating pen casts to test the

knowledge or make sure that the students fully understand the concepts. I have made pen casts

before in General Chemistry 11 with Christine Isbron in the spring of 2020 which I found as a

great way to ensure that I understand the concepts that were taught to me. In The Effectiveness of

“Pen casts” in Physics Courses, data provided presented a physics class that included pen casts

as part of their class as 10% of their grades and showed that students who submitted mostly all of

their pen casts scored more than 80% in the class (Wiliwerya et all., 2018) This is a great

accomplishment as pen casts to ensure that the student review and understand the topics before

they make a pen casts. In conclusion, not just English Learners but mostly all students could

really benefit from visuals and practices of understanding as it could help all students fully grasp

and understand the topics in physics that they learn.

In Conclusion, understanding language and having a background in topics can provide a

great deal in learning physics, but it is important when learning physics to make sure to

understand a topic and fully grasp it before moving on to a new topic. There are many ways to

ensure learning physics is complete.
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