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Abstract: STEM fields are at the core of 21st Century Innovation. However only a small number of
American students pursue STEM disciplines as their future careers. In high school, AP STEM courses
provide unique opportunities to improve students’ awareness, interests, and access to STEM learning
in the school environment. A positive experience in these AP courses can be a catalyst to shaping a
student’s career interests and preferences towards STEM fields. However, these courses are also the
most challenging among all high school curricula, and the situation is even more complicated by the
shortage of teachers skilled in STEM subjects. It is then important to help students develop effective
learning strategies for these courses. Through surveying high school students who have studied AP
STEM courses, this study has found that students highly value learning physics with a concept-based
approach, chemistry and calculus with a procedure-based strategy, and biology with a mix between
memorization and concept. Additionally, students prepared best with a mix between concept-based
activities, such as labs, and procedure-based activities, such as practice problems, in both physics and
chemistry. Students who took biology found memorization-based preparations to be the most useful,
and calculus was prepared best with procedure.
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Introduction

The question of how to educate the new generation of learners is one that has been asked for
generations in the complex fields of science, technology, engineering, and mathematics, more commonly
referred to as STEM. Especially in a time where teaching has become so homogeneous, where educators
would use the same format of teaching for all their courses regardless of the topic, different courses have
to be taught in different ways in order to ensure the best learning outcome for the student. Therefore, it is
important to understand in what way each course is different, and to understand how students would
learn best in each of the courses.

AP courses have been on the rise, with more than 2.8 million students taking the AP exams in 2018
alone (College Board, 2018). These courses have started to become a massive part of the education system,
with more and more students recognizing its value each year. AP, which stands for Advanced Placement,
is a program that allows students to take college level courses in high school. At the end of each year, an
AP test can be taken that will represent the students” mastery in the course they take. According to College
Board, the organization in charge of AP, “AP Exams are standardized exams designed to measure how
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well you’'ve mastered the content and skills of a specific AP course” (College Board, 2020). Students who
show mastery in the course and earn high scores on the exam will have their credits more recognized by
colleges.

Research done in the field of STEM have shown that AP courses have a positive impact on the students’
future careers. One study, conducted by Robinson, Fadali, Malisa, Johnson, and Batchman, found that
taking AP courses in STEM early on in high school was a good way to prepare for university work in many
STEM careers (Robinson et al., 2003). Many other studies also found evidence that support Robinson et al.
For instance, Hargrove et al. concluded that students who pass and succeed AP exams “typically experience
greater academic success in college” (Hargrove et al., 2008), whereas Kokkelenberg and Shinha showed
that success in AP courses are significant indicators of academic preparation and ability (Kokkelenberg and
Shinha, 2010). By taking AP STEM courses, students are preparing themselves for college and their future
careers both by challenging themselves with learning more advanced material, but also by developing the
skills necessary to overcome the challenge.

Furthermore, “students who take AP classes in calculus and the sciences are more likely to select majors
in careers such as engineering, science, mathematics, and the medical field...both minority and
nonminority students who were taking AP calculus and/or science courses in high school selected STEM
careers at a higher rate than other careers” (Robinson et al., 2003). Not only are AP courses recognized for
their high value in both education and experience, they also prove to help students gain insight and interest
in the fields of the courses they took.

Overall, AP courses offer students more in both academic skill and interest, as is supported by Conger
et al., stating that “we find suggestive evidence that taking an AP science course increases students’ science
skill and their interest in pursuing a STEM major in college.” (Conger et al., 2019)

Studying AP courses is a valuable way of getting insight on how learners feel about each STEM topic.
Major AP STEM courses include AP Physics 1/2/C, AP Calculus AB/BC, AP Chemistry, and AP Biology,
which are the courses chosen for this study. Most importantly, it is studying from the learner’s perspective
that will give the most insight on how each course should be set up in a way that will ensure the best
educational experience for them. Therefore, the overall goal of this study is to gauge at what students’ value
in each course, and use the results to interpret the ways to modify and improve the way the classes are
taught.

The sample of the study is a group of high schoolers who have taken AP courses, with a sample size of
50 students total, divided evenly across the four subjects. Due to the relatively small sample size, the results
may not be fully representative of the whole population of AP course takers. Error bars were included that
were based off the standard deviation and the sample size of each variable in each subject.

Methods

The study has two parts. The first part measures how much each AP STEM course was weighted on its
reliance on concept, memorization, and procedure. The second part measures the best way the students
believed each course should be prepared.

For the first part, concept is defined as “understanding the meaning and mechanisms by which the
procedure and material is based off”. A course heavily based on concept is a course that requires students
to understand the basic ideas and principles by which the topic works. Memorization is defined as
"memorizing formulas, numbers, and overall material of the topic”. A course heavily based on
memorization would be a course where students would have to answer questions directly out of memory
with little processing involved. Procedure is defined as where one would “plug in values into equations or
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follow a set of known steps to get to the answer”. A course heavily based on procedure would be a course
where students would answer questions by finding the right equation to use and plugging in given values
in order to come to a solution.

To weigh each trait, a survey was made and filled out by students that either currently are taking or
formerly took any of the AP STEM courses. The survey was formatted so a student would fill out, on a
scale of one to ten, how much the course(s) they chose is reliant on each of the three traits.

A second part was added, which asked students what they thought the best way to prepare for each of
the STEM courses was. The format is the same, asking the students to rate each category on a scale from
one to ten. The categories are the same, being concept, memorization, and procedure, with slightly different
definitions.

In this second part, concept is defined as “prepare by conducting and understanding experiments,
readings, etc., in order to nail down the concept behind the material.” Memorization is defined as “prepare
by reading and memorizing the material.” Procedure is defined as “prepare by doing things such as
practice problems in order to get the procedure down.”

The data for each part was then represented in a bar graph, with three bars each representing the
averaged value earned for each of the three categories. The standard deviation was also calculated for each
category.

Example of the question format are shown on the next page.

Question format for AP Chemistry

part one of the

survey. On a scaleto 1to 10, 1 being the lowest and 10 being the highest, how much of chemistry
do you think is based off each of the following

concept

1 2 3 4 5 6 7 8 9 10

O O O O OO O O o O

memorization

1 2 3 4 5 6 7 8 9 10

O O O O O o0 O O o O

procedure

1 2 3 4 5 6 7 8 9 10

O O O O 0O O o o o O
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AP Chemistry

uestion format for
Q On a scale from 1 to 10, 1 being the worst and 10 being the best, which of the following will

part two of the you believe is the best way to prepare for the class?
survey
Prepare by conducting and understanding experiments,
readings, etc, in order to nail down the concept behind the
material.
1 2 3 4 5 6 7 8 9 10
O O O O O O O O O O
Prepare by reading and memorizing the material.
1 2 3 4 5 6 7 8 9 10
O O O O O O O O O O
Prepare by doing things such as practice problems in order to
get the procedure down.
1 2 3 4 5 6 7 8 9 10
©c O O O O O O O O O
Results

Figure 1a-d Average part one results for the STEM courses’ reliance on concept, memorization, and

procedure (1a being physics, 1b being chemistry, 1c being biology, and 1d being calculus) based off a 50-
student population

Physics has the highest score in concept, with a
Physics score of 8.6. The course also scored high in
10 procedure but low in memorization.

C M

oON B O
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Chemistry scored the highest in procedure, with a

Chemistry score of 8.9. The course also got moderate values

10 for both concept and memorization.

8

6

4

2

0

C M P
Biology Biology scored the highest in memorization, with

10 a score of 9.1. The course also got a moderately

high score in concept but a low score in
procedure.

O N B OO

C M P
Calcul Calculus scored the highest in procedure, with a
alculus score of 9.4. The course got a high score in concept
10 and a moderate score in memorization.

o N B OO ©

Overall, the course with the highest score in
concept was physics, the one with the highest in
memorization was biology, and the one with the
highest in procedure was calculus.

C M P
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Figure 2a-d Average part two results for the preparation of STEM courses weighted in concept,
memorization, and procedure (la being physics, 1b being chemistry, 1c being biology, and 1d being
calculus) based off a 50-student population

Physics scored highest in preparing via concept,

Physics with a score of 9.3. The course also scored high in
10 procedure but low in memorization.
8
6
4
2 B
0
C M P
. Chemistry scored highest in preparation by
Chemistry procedure, with a score of 9.1 Concept based
10 activities were also helpful for preparation.
8
6
4
2 N
0
C M P
) Biology scored the highest in preparation by
B|O|Ogy memorization, with a score of 9.7. The course also
10 scored high in concept but low in procedure.
8
6
4
: k3
0
C M P
Calculus scored the highest in preparing via
Calculus procedure, at a value of 9.7. It scored moderately
10 in memorization and low in concept.
8 Overall, physics scored highest in preparation by
concept, biology scored highest in preparation by
6 memorization, and calculus scored highest in
4 preparation by procedure. Chemistry scored high
2 i in both concept and procedure.
0
C M P
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Discussion

The results for part one in physics show that students believe that learning concept is the most essential
part of succeeding in the course. This makes sense, especially after seeing how physics scored low in
memorization, as physics is too complex for one to memorize all the variations of problems that can stem
from one concept. Therefore, knowing the concept and being able to apply it with procedure is the most
important part of the course. Furthermore, the results for physics in the preparation part of the survey also
support that physics is a heavily concept-reliant course. Students believed that learning through concept-
based activities, such as labs, was the most helpful to the students” preparation, next to doing practice
problems in order to get used to the procedure. Memorization scored yet another low score in the course,
as the most a student would need to memorize would be formulas and constants.

Chemistry scored highest in procedure in both parts of the study. Students believe that the course is
especially reliant on knowing how to follow certain steps in order to obtain an answer, and to practice
doing those steps to consistently do well. Chemistry, like physics, also is lowly based on memorization,
and require the students to solve the problem on their own. However, unlike physics, chemistry generally
requires the familiarity of procedure more, as it is harder for one to think their way out of a problem without
a known procedure to follow. Concept in chemistry, although scoring moderately in the first part, scored
quite high in the second. This is likely due to the many labs available for students to conduct, where the
sense of the concept behind the lab was developed hands on.

Biology, unlike all the other courses, is the only one that scored consistently high in memorization for
both parts of the survey. While the other courses require lots of problem solving with calculations and such,
biology has very little, hence the low score in procedure for both parts. Students found that memorization
was the best way to do well in the course, as almost all the questions require minimal processing, and only
test whether the student knows a certain fact or not. Memorization, however, was not the only thing that
helped students learn. Concept obtained moderately high scores for both parts as well. Students likely
found it easier to memorize and apply their knowledge onto questions if they understood the concept
behind it. Additionally, labs are common in biology, allowing students to develop a higher level of
understanding of the concepts present. Lastly, procedure scored low for both parts, as the questions are
formatted in a way where the student either knows it or doesn’t, where there is no procedure involved,
and therefore no procedure to practice.

Calculus obtained the highest score in procedure for both parts. As the questions present in calculus
are very much based off how well one can manipulate the problem in a way that would allow them to use
known equations and steps, procedure is essential. And in order to do the procedure successfully, students
found that practice made the biggest impact. The course was also found to be quite reliant on concept, as
the students found that if they understood the concept behind the material of the class, it would be easier
to memorize the equations and steps or possibly even derive them themselves. However, concept scored
very low in the second part of the survey. This is most likely due to the fact that there are very limited
experiments and other concept-based activities that can be conducted in calculus. Finally, memorization
scored moderately low in both parts as the only thing memory based that would help students succeed
would be to memorize equations and constants.

Conclusion

Being able to understand what students’ value and find helpful is a useful indicator of what can and
should be improved in classrooms. Courses that score high in concept in part one would want to center
their teaching more on understanding the “why” behind the material the students are learning. With the
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results in part two, students believe that they prepare and learn best with the implementation of more labs
or activities that will help them get experience in what any of the formulas or such learned in class actually
mean in the real world. High scores in memorization for either part show that the best way to help students
in the course would be to improve memorization techniques, such as flashcards. Lastly, courses who scored
highly in procedure may find that sufficient examples and practice problems will help improve the students
in their learning.
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