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Abstract: Physics is often considered to be one of the most difficult subjects to study. Thus, it is particularly important to 

have good physics teachers to teach the subject. However, a close look at the statistical data indicates that about 67% of high 

school physics teachers did not major in physics. Physics is being taught by teachers that are in variety of subjects, mostly 

another science and math. In addition, two-third of the 27,000 physics teachers teach other subjects than physics. 

Quantitative/Qualitative assessments and reasoning are made about the statistical data. Potential reasons for the current 

statistics and consequences are discussed. In addition, lack of mathematics background in the freshman and sophomore years 

of high school appears to push the physics classes towards junior and senior years, taken as an elective, or not taken at all. 

High school curriculum, teacher training and salary issues are also discussed. 
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1. Introduction 

One of the most daunting challenges current university 

physics teachers face is how to inspire students, catch their 

imagination and fire their spirit for more exposure to physics, 

experimentation, and the exploration of new and yet 

uncharted horizons. The challenge faced by high school and 

middle school teachers is not entirely different. At the 

primary school level, children invariably have enormous 

imagination and curiosity for science and new knowledge. 

This imagination and curiosity appears to be more channeled 

towards biology and mathematics in the high school level, 

but no so much towards physics. In this article, the author 

tries to address the reasons for the channeling towards 

biology and mathematics by analyzing the statistical data and 

also the physics curriculum of high schools.  

Physics education research has been trying to understand 

how students learn physics [1-6] for many decades. However, 

the focus of research has been in more of the aspect of 

learning. The conditions that are conducive to learning also 

needs to be addressed. More than twenty years of statistical 

evidence show that the majority of the high school physics 

classes are being taught by teachers who did not major in 

physics. This may be affecting the enthusiasm and quality of 

the physics education that high school students obtain. The 

proof of it lies partly in the lack of physics knowledge, low 

physics test scores and the dwindling number of physics 

students in colleges and universities across the United States. 

There are other factors effecting high school physics 

education as well, such as high school physics curriculum, 

deficiencies in mathematics background, school budgets and 

teacher salaries. 

The method used in this review is to gather statistical data 

from various resources and analyze them. Some of the 

resources used are U.S. Department of Education National 

Center for Education Statistics, American Institute of Physics, 

and American Journal of Physics. Private communications 

with the surrounding high school students, parents and 

teachers provided really important curriculum information 

and motive for this article. National Public Radio (NPR), 

Public Broadcasting Service (PBS), and American Physical 

Society online resources provided some of the historical facts. 

Peer-reviewed journals such as “Physical Review Special 

Topics (ST) Physics Education Research” and “Science 

Education” helped understand the scientific practices and 

difficulties in physics teaching and learning. The author 

gathered information by inquiring from the current students 

in his physics classes. Most of these students are graduate of 

surrounding high schools and shared their high school 

curriculum information and their experiences with physics 

teachers in those schools. 
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The author also analyzed the Science Education Standards 

for high schools in Kansas. Kansas uses “Qualified 

Admissions” which are a set of standards used by the six 

state universities to review applications for undergraduate 

admission. These standards are set by the governing body for 

the state universities (Kansas Board of Regents). 

2. Quantitative Analysis 

According to American Institute of Physics, Statistical 

Research Center [7] the percent of high school physics 

teachers with a physics major is on the average 23% and with 

a physics education major is on the average 10 % since 1993. 

This means only about 33 % of all high school physics 

teachers have majored in physics/physics education for the 

last 20+ years. It also appears that physics teachers with a 

minor in physics or physics education is about 12 %. The 

cumulative proportion of physics teachers with a major or 

minor in physics or physics education has decreased from 

about 47% to 40% since 2001. This simply means more than 

half of physics educators are not career physics teachers. 

However, 73% of biology classes and 70% of mathematics 

classes are taught by a teacher with a degree in the subject [8]. 

In addition, not all the physics teachers with a major/minor in 

physics/physics education teach only physics. Two-third of 

the 27,000 physics teachers teach other subjects than physics. 

[7]. This suggest that there is enough high school physics 

teachers with a major in physics/physics education to teach 

all physics classes if the curriculum and teacher needs are 

adjusted in high schools. Curriculum and advisement appears 

to be the main issue about why students do not get to take a 

physics class earlier in their high school years. In addition the 

number of physics classes available to students are lower 

than biology and mathematics classes. For example, Kansas 

Qualified Admissions Precollege Curriculum requires 3 

approved units of Natural Sciences selected from a list of (17 

total units) classes that include 6 Biology units (Biology, 

Advanced Biology (second year), Marine Science, Botany, 

Genetics, and Microbiology), but only 1 Physics unit 

(mandatory). It also requires 3 approved mathematics units 

from a list of 3 total units (Algebra I, Algebra II and 

Geometry). Kansas Qualified Admissions Precollege 

Curriculum is very much of an indicator of the high school 

curriculums across the state. In some schools, physics is 

offered as an elective and many students, not taking any 

physics before, preferentially choose not to take physics at all. 

In addition, there are also significant variations from high 

school to high school about what subject of physics should be 

covered in a high school physics class. According to Kansas 

Science Education Standards (2007) the following topics are 

considered to be standards: 1) Newton’s law of motion, 2) 

Conservation Laws to analyze the motion of objects, 3) Mass 

and Energy, 4) The first and second law of thermodynamics, 

5) Fundamental forces in nature, 6) Waves, 7) Interference, 

reflection, and refraction, 8) Accelerated charges and 

electromagnetic waves, and 9) Basic Electrostatics and 

Circuits. Some students that were interviewed expressed that 

they only covered half of what is given in the standards list. 

Even though some of the missing topics may be covered in a 

physical science class, the depth it is covered may not rise to 

the level of the physics class standards. There were also 

variations from one state to another as what each state 

considers as “standard physics subjects” to teach. In addition, 

the author talked to a few prospective students and their 

parents as they come to seek advisement. These students and 

their parents expressed that their schools do not offer any 

physics class at all due to the small size of the school and not 

having a physics teacher to teach it. Many Bachelors of 

Science (B.S.) degrees require at least College Physics I and 

II to be completed by students. Not having any physics 

background prior, these students struggle, repeat the course 

or in some cases drop out of school. Sometimes the problem 

is just not having enough algebra background to take physics 

classes in the high school level. These students then try to 

close the gap in the college level, which puts them behind.  

The high school teachers play an enormous role in the 

lives of students. It is very important that students learn the 

subject from an expert teacher. A teacher that has an 

inadequate training in a subject will not be comfortable 

teaching that subject or will do a poor job teaching it. 

Therefore, teachers need to be trained in their field to the 

highest level possible. About 30% of high school physics 

teachers have B.S. as their highest degree, 60% have master’s 

degrees and about 5% have Ph.D. as their highest degree. 

This statistics is very important in two aspects. One is that 

teachers having a higher than B.S. degree will feel more 

prepared to teach the subject. Often times, students do not 

learn the subject matter deeply until they take one higher 

level class of the same subject. For example, sophomore or 

junior students taking intermediate level electricity and 

magnetism class often express that they understood College 

Physics II or Engineering Physics II classes better after 

taking the intermediate level electricity and magnetism class. 

This may be true for other subjects as well. Therefore, in 

order to fully understand a subject matter and teach it, a 

graduate degree is preferred. Second, having a graduate 

degree also helps with the pay scale at high school level. A 

teacher with a master’s degree in physics will earn about 

$3000 to $4500 more yearly salary than a teacher with a B.S. 

degree in physics. However, the pay scale is still very low for 

high school teachers. According to the Bureau of Labor and 

Statistics, the median annual salary for high school teachers 

was a little over $55,000 in 2013. The number one reason 

why people do not choose teaching as a career is due to the 

low pay according to surveys. This affects the teaching 

quality enormously. According to high school teacher survey 

in 2005 [9], only 4% of all physics B.S. degree holders went 

directly into high school teaching after graduation. The same 

survey indicates that about 1,150 brand new physics teachers 

are hired that year. Only 270 of these new teachers have a 

B.S. in physics, and about 90 have a physics education 

degree. However, the lion portion of the new hires (about 790) 

have B.S. degrees in different subjects, but mostly another 

science or mathematics. This impacts the overall quality of 
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the physics courses delivered by the teacher, thereby 

hindering any interest a student might develop for more 

physics classes. For example, a teacher with a major in 

biology who teaches biology and physics may tend, quite 

naturally, to promote majoring in biology more than physics. 

The same goes with chemistry and mathematics. This may 

contribute to dwindling number of undergraduate physics 

majors. At Pittsburg State University where the author 

teaches, there are 500 biology majors and fewer than 25 

physics majors. This may be more wide spread in the United 

States than just the south east Kansas area. 

In the teacher training programs at Pittsburg State 

University, there is strong evidence that most high school 

teachers that teach physics lack basic physics knowledge. 

Analyzing several high school curriculums in Pittsburg, KS 

area, it is observed that there is lack of availability of high-

school-level physics courses compared to mathematics and 

biology. There is only one physics course at the Pittsburg 

high school and it is taken in the senior level or can be just 

elective; whereas there are plenty of biology and 

mathematics courses. Despite the availability of Mathematics 

classes, there seems to be a deficiency in mathematics 

background. The reason for the lack of interest in physics 

classes may lie in the lack of mathematics background. 

Students feel inadequate when they take a physics class due 

to the lack of Algebra, Calculus or Trigonometry. According 

to the National Center for Education Statistics, 96% of high 

school graduates had completed a biology course, 70% had 

completed a chemistry course and only 36% had completed a 

physics course [10]. It is not uncommon to encounter high 

school students who come to the Pittsburg State University 

without taking a single physics course in high school. These 

students spend countless hours trying to catch up in algebra, 

trigonometry or calculus just to pass the class. Many of them 

get a barely passing grade or repeat the course. High schools 

must find a way to better incorporate physics into their 

curriculum. Some students express that they hate physics 

because the high school physics teacher was horrible and 

they learned nothing. These problems need to be identified 

and solved by high schools very fast. In general, middle 

schools need to look at their curriculum and find a way to 

make sure every student is exposed to algebra, trigonometry 

in addition to science classes. 

There have been students who somehow develop a taste 

for physics but, have major algebra or calculus deficiencies 

before taking introductory physics classes [11]. It is so much 

that they cannot follow physics classes and end up changing 

their major. Many physics departments across the United 

States should not have to sacrifice from academic rigor to 

keep these students in their program. If these students had 

proper algebra and calculus classes in high school, they 

would not be “lost” as physics students. 

There is evidence that the administrators in middle and 

high schools are aware of the problems mentioned above [12]. 

These problems are not new. They have been around for a 

long time. School budget restrictions may ultimately play a 

part in the inability of the school districts to offer more 

physics classes or hire teachers with a major in physics. It is 

imperative to build a strong middle-school-to-college-physics 

educational programs that invest more in the school systems 

and not cut their already significantly trimmed personnel 

budgets. The best physics teachers need to be hired and paid 

adequate salaries, so that they do not need to take a second 

job to support their families, or worse yet, leave the scientific 

educational field and or switch to a different profession.  

3. Qualitative Interpretations 

Teachers need to inspire physics students [13, 14]. How 

can one instill in the students a thirst for physics knowledge 

and build a proper foundation for further scientific endeavor, 

without a proper foundation at the post elementary level? In 

order to foster that inspiration and increase the number of 

physics students at colleges and universities, teachers need to 

be trained in the physics field specifically.  

As Albert Einstein said, imagination is more important 

than knowledge! One technique that can be applied is to 

engage student in the art of engaging and inspiring young 

minds. As advisor for the Pittsburg State University, Society 

of Physics Students (SPS) chapter, the author has been 

involved in acquiring grants for devices to demonstrate 

scientific principles to young people at the elementary level, 

with the college aged students acting as mentors. It's kind of 

like taking a bunch of young Mr. And Ms. Wizards to local 

science fairs. The college students love the attention and 

adulation they receive in demonstrating such things as 

holograms, magnetic levitation and solar panels to younger 

students, and it seems to genuinely spark their own thirst for 

more scientific knowledge. Several of them have even 

decided to go on to graduate programs in physics after 

graduation. Their enthusiasm for learning is partly due to 

these learn-by-showing-others-opportunities as SPS student 

demonstrators. It is not a costly program. With only a few 

hundred dollars, one can acquire a significant amount of 

hands on demonstration equipment which has dazzled and 

drawn the attention of inquisitive young minds. This is a 

small beginning, but nonetheless an important part of 

furthering the cause of fostering a spirit for more scientific 

exploration and knowledge among upcoming generation of 

new Einsteins and Hawkings. 

4. Conclusions 

Interpretation of statistical facts aforementioned indicates 

that majority (67%) of physics classes are being taught by 

teachers without a physics major. The cumulative proportion 

of physics teachers with a major or minor in physics or 

physics education is about 45%. The mere fact that 96% of 

high school graduates had completed a biology course, where 

as only 36% had completed a physics course, suggests that 

high schools need to evaluate their curriculum and implant 

changes to increase physics exposure to students. Evidence 

suggest that there is enough high school physics teachers 

with a physics/physics education major in the United States. 
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These teachers can easily teach more physics classes given 

the opportunity by school administrators. However, this in 

return would reduce the time these teachers would be 

available to teach other subjects. Thus, high schools may 

need to adjust their curriculum to accommodate this change. 

In some cases this may lead to hiring new teachers. This may 

not be a bad investment in the long run.  

A quick look at the demographic of the physics Ph.D. 

recipients in the United States suggests that the number of 

physics PhDs earned by U.S. and foreign citizens are 

matched in 2004 after a steady increase since 1965[15]. 

Although there has been large fluctuations since 1965, there 

appears to be an upward trend, however, in the number of 

physics PhDs earned by U.S. citizens since 2005[15]. The 

large fluctuations in the number of physics PhDs earned by 

U.S. citizens may be correlated to important physics events 

such as Russian Sputnik satellite being launched in 1957 and 

the consecutive increase of interest in physics and space 

programs in 1960s and 70s.  

In more recent years, the value of physics is evident in all 

the electronic devices such as smart phones, iPads etc. This 

may be a driving force for high school students to choose 

physics as career in the future. Even shows like “Big Bang 

Theory” and “Dr. Who” have a big impact in how young 

students view physics. Physics, often thought to be too 

difficult to comprehend, does not have to be that way if there 

is enough adequate training early on. Algebra, geometry and 

trigonometry need to be taught at a higher level in middle 

school so that students are ready to take a physics class in 

their freshmen year in high school. Although the reason for 

not increasing the number of physics classes or hiring 

teachers with a major/minor in physics to teach physics 

appear to be economical, statistical facts indicate that there is 

enough physics teachers to teach all physics classes if they 

are not required to teach other subjects.  

It is known fact that high school students in the United 

States are ranked way below in science and math levels 

compared to other countries [16]. Ultimately it is not just the 

increase in the number of physics teachers with a 

physics/physics education degree will solve all the problems. 

There needs to be increase in the quality of physics teachers 

as well. That is where the major field tests and teacher 

certifications should come in. The B.S. physics degrees in the 

United States do not offer the pedagogical training necessary 

to become a high school teacher. Students need to take the 

pedagogy classes concurrently with their major field classes 

or after graduation to satisfy the high school teaching 

requirements. Keeping in mind that there are more high 

school teachers with a B.S. in physics than physics education, 

the pedagogical training for the teachers with a B.S. degree in 

physics becomes even more important. Teacher certifications 

are very integral part of high schools as well. Perhaps more 

rigorous major field tests or re-training may be necessary to 

improve the quality of teaching.  

Finally, one cannot ignore the importance of the high 

school teacher salaries in the United States. It is absolutely 

imperative to make the salaries attractive enough so that 

these teachers will remain in the profession. If the Unites 

States government wants to insure the future scientific 

competitiveness of America, it must find a way to improve 

and invest in its physics education system.  
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