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Abstract
Keywords: The problem of student learning difficulties and the factors causing it are very
External Factors, important to know. The first step that can be taken is to use a diagnostic test as a
Internal Factors, reference indicator in identifying student learning difficulties. The purpose of this
Learning Difficulties, study was to determine the difficulties in learning parabolic motion and its causal
Misconceptions, factors experienced by students of the 2018 Physics Education Department. This type
Parabolic Motion of research is descriptive. The subjects of this study were 19 students of the 2018

Cenderawasih University in the Physics Education Department. Data collection
techniques used are test, interview, and documentation. The results of the overall
assessment of the diagnostic test showed that 19 students had not yet completed
achieving the learning objectives in understanding the parabolic motion sub-material
because the highest score obtained by one of the students was 53, while the minimum
completeness reached a score of 56. These difficulties are influenced by internal
factors, namely body defects, fatigue, attention, readiness, habits, how to receive
lessons, boredom; and external factors, namely the lecturer’s teaching methods,
discipline, building conditions, forms of community life, and weather conditions.
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Introduction

There is a fundamental goal of raising the nation’s educational outcomes year by year.
Education is one of the important things in human life, where education will guarantee a
better life for humans themselves (Kurniawan, Perdana, & Kurniasari, 2018). Education is an
activity to optimize the development of the potential, skills, and characteristics of students
(Wardani, 2016). Learning in higher education requires students to master the material
provided by the lecturer during the implementation of learning (Pertiwi, 2012). The indicator
of student success in mastering the material is an increase in the quality of learning outcomes
(Nugraheni, 2017). The quality of learning outcomes is very important for the development of
student learning, especially for students majoring in education who are later expected to
distribute the knowledge gained to students (Gong et al., 2021). The outcomes are intended to
be a basic reflection on how education in certain nations is elaborated.

Physics Education Department students need a high conceptual understanding of Basic
Physics materials to achieve maximum learning outcomes (Kusumah, 2019). In the future, it
is expected to become a Physics Teacher who has pedagogic competence (Kaltakci-Gurel et
al., 2017). Students still have learning outcomes that have not been maximized, which is proof
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that there are still some students who get a score of 60 (maximum scale of 100) (Theasy et al.,
2017). Students are said to have learning difficulties marked by the acquisition of learning
outcomes that are not optimal (Karim & Saepuzaman, 2016b), so that lecturers have a
responsibility in optimizing the learning process during lectures (Binkley et al., 2012).

There are several problems in learning physics, including a lack of interest in basic
physics courses because physics is considered difficult for most students; the low average
score for the final semester exam is 6.5; students get bored easily and forget because the
teaching system still emphasizes rote memorization; students tend to depend on other friends
in doing assignments; and students’ difficulties in understanding the concepts presented by
the lecturer (Griffin et al., 2012). The ability of each student in understanding the learning
material is different. However, these problems prove that most students still have learning
difficulties and need a relatively long time to understand learning (Hesse et al., 2015).

Learning difficulties are a condition where students cannot learn optimally due to
obstacles, obstacles, or disturbances in their learning (Darimi, 2016). In addition, learning
difficulties indicate that there is a gap between the expected achievements and the
achievements obtained (Ngang et al., 2014). This can lead to a situation where students
cannot learn properly so that which has an impact on low learning achievement (Jamal, 2019).
Thus, learning difficulties are a condition where students experience problems in obtaining
and absorbing the learning provided (Cheng & Hoe, 2017; Cheng et al., 2017).

Factors that cause students to experience learning difficulties, including internal
factors are factors that come from within students, including factors of interest, attention,
motivation, and study habits; and external factors are factors that come from outside the
student, including teaching methods, learning media, and learning resources (Nofitasari &
Sihombing, 2017). The low mastery of concepts, weak mathematical abilities, and the
inability of students to convert units, as well as the low ability to translate question language
into mathematical language, are the causes of students’ difficulties in understanding physics
learning (Briliana & Mursito, 2017; Lee, 2016; Trisniarti et al., 2020).

One of the basic physics materials that are considered difficult or often experiences
misconceptions is parabolic motion (Yolanda, 2017). Parabolic motion material is one of the
topics in 2-dimensional kinematics material, which is a branch of classical mechanics that
discusses the motion of objects and object systems without questioning the forces that cause
motion (Sarojo, 2002). In parabolic motion concepts, students experience errors in answering
questions by 54% because they only focus on memorizing the formula for the time taken
during the half parabolic trajectory, maximum height, maximum farthest distance, and it is
difficult to apply it in situations or trajectories the new one (Lei et al., 2020). Another study
states that students have difficulty in determining velocity and acceleration vectors in
parabolic motion (Nisa, F., Yuliati, L., & Mufti, 2019).

Students find it difficult to understand why the velocity on the y-axis at the top of the
parabola is zero, while the acceleration is not zero (Haris, 2016). In addition, many students
think that if the object is at the top of the parabola, then the object is stationary or has no
speed for a certain time, when in fact the object is still moving horizontally (Rosdianto, 2019).
These studies prove that there are still many difficulties and even misconceptions experienced
by students in the parabolic motion material. Based on a preliminary study through interviews
with one of the lecturers in the basic physics course I Physics Education Department,
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Cenderawasih University, the lecturer explained that the average learning outcomes for basic
physics | were still below 70. It is caused by a lack of understanding of basic and
mathematical concepts in understanding the quantities of parabolic motion (Kareth et al.,
2018).

The problem of student learning difficulties must be addressed immediately, with the
first step that can be taken is to identify student learning difficulties, so that efforts can be
made to reduce and even overcome these learning difficulties (Salis et al., 2016). Thus, this
study uses a diagnostic test effort as a reference indicator in identifying student learning
difficulties (Biben et al., 2016). The Ministry of National Education explains that a diagnostic
test is a test used to find out the weaknesses of students so that these results can be used as the
basis for follow-up in the form of appropriate treatment and accordance with these
weaknesses (Setyono et al., 2016). There are five approaches in the diagnostic test, namely
the approach to learning objectives, material profiles, knowledge prerequisites,
misconceptions, and structured knowledge (Rusilowati, 2015).

Based on the problems that have been stated above, the researcher aimed to describe
student learning difficulties using diagnostic tests and interviewing students to find out the
factors that cause learning difficulties faced. The advantage of this diagnostic test is that it can
identify student learning problems or difficulties, and plan efforts to solve the problems faced.
Thus, this study aims to determine the percentage of learning difficulties and the factors that
influence student learning difficulties on the concept of parabolic motion, so that educators
can plan further actions appropriately in learning.

Method

The research method used is a descriptive method that serves to provide an overview
or describe the object under study through sample or population data as it is, without
analyzing and making conclusions that apply to the public (Sugiyono, 2013). This study was
to describe how much difficulty students experience in understanding the concept of parabolic
motion material and the causal factors that influence it.

Data collection techniques were using a test, interview, and documentation. The test
instrument used was a diagnostic test to determine the profile of students’ difficulties in the
parabolic motion material. The interview instrument used is a guided interview, wherein this
study students will be asked questions about the factors that influence their learning
difficulties in physics. Documentation was done through a pilot study where students were
examined to have difficulties in physics during the course.

The data analysis technique used in this research was to answer the diagnostic test
results based on the approach to learning objectives, material profiles, knowledge
prerequisites, misconceptions, and structured knowledge. Analysis based on learning
objectives and material profile was using the percentage of student scores formulated by
equation in Figure 1.

score of students with learning dif ficulties
% score = maximum score * 100%

Figure 1. Equation of the Percentage of Student Scores
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Difficulty category provisions are made based on the achievement of goals. The
learning objectives experienced completeness at a percentage of 65%. Students are said to
have difficulty if: % score 35% = strong category and % score > 35% = weak category.
Difficulty analysis based on prerequisite knowledge, misconceptions, and structured
knowledge uses the same formula and frequency but does not use scores. The provisions for
the category of student learning difficulties are listed in Table 1.

Table 1. Criteria of Learning Difficulties

Percentage Score Criteria
0% - 39% Low

40% - 65% Moderate
66% - 79% High

80% - 100% Very High

(Sudijono, 2010)
Results and Discussion

Learning Objectives
Student s Difficulty Profile on Parabolic Motion Concepts

The completeness of learning objectives based on the academic assessment of
Cenderawasih University is to get a minimum score of 56. The results of the study of learning
difficulties based on the achievement of learning objectives are illustrated in Figure 2.

100
%0
~ 80 68.42
f\i - 579
g 60
s 50 421
g 40
z 30
™ 20
10
0
Explaining parabolic  Analyzing examples of the Determining the initial
motion application of parabolic velocity of the vector
motion in everyday life equation for the position of
the parabolic motion

Figure 2. Profile of Learning Difficulties Based on Learning Objectives

The diagnostic test indicators in this profile are: 1) Explaining parabolic motion, 2)
Analyzing examples of the application of parabolic motion in everyday life, and 3)
Determining the initial velocity of the vector equation for the position of the parabolic
motion. Based on the results of the overall assessment of the diagnostic test that 19 students
have not completed achieving the learning objectives because the highest score obtained by
one of the students is 53, while the minimum completeness reaches a value of 56. Figure 2
shows three indicators of questions included in the approach to learning objectives, it can be
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seen that the level of difficulty of students on the indicator of analyzing examples of the
application of parabolic motion in daily life has the highest percentage, namely 68.42%. The
lowest level of difficulty is the indicator explaining the meaning of parabolic motion, which is
worth 42.1%. This can be seen from the results of student work, where students cannot
determine examples of the application of parabolic motion and determine the initial speed of
parabolic motion correctly. This is in line with the opinion of Nisa et al. (2019), which states
that students have difficulty in determining the velocity vector and acceleration of the
parabolic motion. It can be said that students still have difficulty in achieving learning
objectives related to analyzing the initial speed of parabolic motion.

Profile of Parabolic Motion Concepts

The material profile is a sub-material in a certain material scope, so the material
profile approach is to find out the sub-materials that have or have not been mastered by
students (Rusilowati, 2006; Rusilowati, 2015). The following is a profile of students’
difficulties with the material profile shown in Figure 3.
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S 70 63.16 :
g 60
s 30
g 40
» o
z 30
A 20
10
0
Understanding the Determining the ratio of Determining the correct
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Figure 3. Learning Difficulty Profile Based on Material Profile

The diagnostic test indicators in this profile are: 1) Understanding the magnitude of
the velocity at the highest point of the parabolic trajectory, 2) Determining the ratio of the
maximum height to the maximum distance in the parabolic motion, and 3) Determining the
correct statement in the problem of two moving objects with different elevation angles.
According to Sudijono (2010), the data analysis of the material profile approach is the same
as the learning objectives, so 19 students are not complete in understanding the sub-materials
on the parabolic motion material because the highest score obtained by one of the students is
53, while the minimum completeness reaches a value of 56.2. It shows the three question
indicators included in the material profile approach. It is seen that the level of student
difficulty in determining the correct statement on the problem of 2 objects with different
elevation angles has the highest percentage of 89.47%. While the lowest level of difficulty is
the indicator of understanding the speed of the highest point of parabolic motion, which is
63.16%. parabolic motion is often included in difficult concepts (Lei et al., 2020).
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Students who were interviewed mentioned that they had difficulty in understanding
the equations of motion of the parabola, namely the initial velocity, the highest point, the time
to reach the highest point, and the maximum distance. In line with Wijayanti (2016), learning
physics has several problems, one of which is that students easily forget because the teaching
system emphasizes memorizing physics equations. Furthermore, students have difficulty in
mastering the sub-chapter speed of the highest point of parabolic motion. This is because
students have an understanding that an object that is thrown vertically upwards, the higher the
object, the greater the speed. Other studies say that students find it difficult to understand why
the velocity on the y-axis at the highest position is zero (Ma’rifah, 2016). When an object is
moving higher, the speed will be smaller (Khandagale & Chavan, 2017; Zatsiorsky &
Zaciorskij, 2002). When the object is at the peak / highest point, then the object will stop for a
moment so that its speed will be equal to zero (Serway & Jewett, 1998; Volfson et al., 2020).

Prerequisite Knowledge

Prerequisite knowledge is very important in problem-solving efforts. The profile of
student difficulties based on mastery of prerequisite knowledge can be seen in Figure 4.
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Figure 4. Learning Difficulty Profile Based on Prerequisite Knowledge

The diagnostic test indicators in this profile are: 1) Determining the distance of an
object moving in a straight line which is shown through the diagram between velocity and
time, 2) Analyzing the velocity of an object that is thrown upwards (vertical upward motion),
and 3) Analyzing the velocity of two objects which moves vertically upwards at the highest
point. Based on the results of the data analysis shown in Figure 4, the criteria for learning
difficulties are varied. According to Sudijono (2010), it shows that the level of student
difficulty in the indicator determines the distance of an object moving in a straight line which
is displayed through a diagram between speed and time and analyzes the speed of an object
that is thrown upwards or vertical motion up) is classified as very high at 89.47%. While the
level of difficulty that is classified as moderate is an indicator of analyzing the speed of two
objects moving vertically upwards at the highest point, which is worth 47.37%.
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Students have the most difficulty in mastering the difference between straight motion
without acceleration and straight motion with acceleration used in determining the distance
traveled from a graph of the relationship between speed and time. In line with the research of
Handhika et al. (2015) which said that 92.06% of students had difficulties with graphs, even
though students were able to write the equations and mention them verbally. In general,
students also have difficulty in arithmetic operations or mathematical calculations (Lee, 2016;
Rodriguez-Gil et al., 2016). Based on interviews conducted, students said that they had
difficulty in calculating mathematically, even though they could remember the physics
equations. One of the causes of students’ learning difficulties is arithmetic operations or
mathematical calculations, and also other causes are understanding concepts and converting
units (Rusilowati, 2015).

In addition, students misunderstood the concept of vertical upward motion. Students
said that when the highest point of an object moves vertically upwards, the velocity will be
greater. The results of this study were also strengthened by the research of Ma’rifah (2016)
which says that other studies say that students find it difficult to understand why the velocity
on the y-axis at the highest position is zero. The majority of students who had learning
difficulties in kinematics concepts (parabolic motion is included in kinematics concepts) hold
the same points. They do not understand the mathematical equation to project the axis along
the x and y-axis (Budiarti & Tanta, 2021; Celik et al., 2018; Winarti et al., 2017).

Misconception

For the last decade, the misconception is determined as one of the learning difficulties
factors affecting (Milenkovi¢ et al., 2016). A misconception often is in disguise as conceptual
understanding without a concrete and empirical knowledge (Silva & Almeida, 2017). The
profile of student difficulties based on misconceptions can be seen in Figure 5.
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Figure 5. Learning Difficulty Profile Based on Misconception

The diagnostic test indicators in this profile are: 1) Determining the smallest and
largest points on the parabolic motion, 2) Determining the time it takes for an object to be in
free fall and parabolic motion at the same height, and 3) Determining the factors that affect
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the object’s height on the parabolic motion. Based on the results of the data analysis shown in
Figure 5, it shows that the level of student difficulty in the indicator determines the time it
takes for objects with free-fall motion and parabolic motion at the same height, classified as
very high, namely 94.74 %. The level of difficulty that is classified as high is an indicator of
determining the smallest speed point and the largest parabolic motion, which is worth
78.95%. While the level of difficulty is relatively low (26.32%). That is, the indicator
determines the factors that affect the height of the object in parabolic motion. The difficulty of
students in the very high category is based on the misconception that students think that an
object will reach the ground faster if it is freely dropped (free-fall motion) rather than shot
(parabolic motion) (Serway & Jewett, 1998). Based on the correct concept, objects that are
freely dropped and fired at the same height will both reach the ground (Linh et al., 2019;
Saripudin, 2018).

Misconceptions also occur that students assume that the greatest speed of parabolic
motion is when it is at the peak/highest point and the lowest speed is when it reaches the
farthest distance/point. The correct concept is that the smallest speed of parabolic motion is
when it is at the peak/highest point based on the equation v, = v, + at and the greatest speed
is when it reaches the farthest distance/point based on the equation v,? = v,%2 — 2gh (Karim
& Saepuzaman, 2016a). Misconceptions in parabolic motion are often caused by the lack of a
basic understanding of trigonometry in mathematics concepts (Herga et al., 2016;
Ndihokubwayo et al., 2020). Meanwhile, it can be reduced by strengthening students’
conceptual understanding of mathematical equations (Junaidi & Lutfianto, 2018).

Structured Knowledge

Structured knowledge is the stages of problem-solving starting from understanding the
problem, making plans, implementing plans, and checking again (Setyono et al., 2016). A
structured knowledge approach is used to analyze students’ inability to solve structured
problems (Cakici & Turkmen, 2013; Mukhopadhyay, 2014). The profile of student difficulties
based on structured knowledge can be seen in Figure 6.
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Figure 6. Learning Difficulty Profile Based on Structured Knowledge
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The diagnostic test indicators in this profile are: 1) Determining the speed of reaching
the endpoint of an object in parabolic motion, 2) Determining the angle formed by an object
moving parabola, and 3) Determining the speed of the object hitting the target on a parabolic
motion trajectory. Based on the results of the data analysis shown in Figure 6, it shows that
the level of student difficulty in determining the angle of an object that moves parabolic is
very high, which is 84.21%. While the high level of difficulty is an indicator of determining
the speed of reaching the endpoint of an object on a parabolic motion, which is worth 78.95%
and an indicator of determining the speed of an object hitting the target on a parabolic motion
trajectory, which is 63.16%. Structured knowledge is one of the causes of learning difficulties
because it elevates students’ learning chronological process in constructing the incorrect
knowledge since the very beginning of learning stages (Bernard et al., 2019).

In structured knowledge, students generally have difficulty using equations and
arithmetic operations or mathematical calculations. Previous research states that one of the
causes of students’ learning difficulties is arithmetic operations or mathematical calculations,
and also other causes are understanding concepts and converting units (Duran & Sendag,
2012). Furthermore, students also do not understand the equation of the farthest distance and
the highest point of parabolic motion. In line with the research, learning physics has several
problems, one of which is that students easily forget because the teaching system emphasizes
understanding physics equations (Har, 2013). Students said that they had difficulty in solving
problems, which should be like there were several stages in solving them, but it was difficult
to understand the physical equations that had to be used. Students experience errors in
answering questions by 54% because they only focus on understanding the equations of time
taken during a half parabolic trajectory, maximum height, maximum farthest distance, and it
is difficult to apply them in situations or trajectories (Karim & Saepuzaman, 2016a).

Factors Causing Learning Difficulties
Internal Factors

Based on the results of interviews related to the factors causing learning difficulties,
the researchers found that there were 8 internal factors that caused students to have learning
difficulties, namely body defects, fatigue, attention, readiness, habits, how to receive lessons,
and boredom. Thus, poor health conditions can interfere with learning activities. Based on the
results of interviews from informants that the body defects they experience can interfere with
or affect their learning process. In addition to the condition of the body that has a disability, a
tired body condition can also interfere with the learning process. This is reinforced by the
research of Sawawa et al. (2018). Someone who has an unhealthy body condition can make
the body tired quickly, less enthusiastic, easily sleepy and feel dizzy, so that a person’s health
condition greatly influences learning outcomes (Li et al., 2018).

The researcher continued the interview by asking the question: “How can you receive
a good lesson because of your disability?”” especially for MS, the student who has limited
visibility. The results of the interview stated that near-sightedness interfered with the learning
process. The resource person did the solution by sitting next to the board.

The next internal factor is the psychological factor (intellective) in the aspect of
attention. Based on the results of interviews, it was found that the lack of attention of students
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in learning will lead to a lack of effort in learning, so that students become less proficient or
slow in solving problems in learning (Kallesta et al., 2018). Another psychological factor that
influences the student’s learning process is non-intellective psychological factors on the
aspect of readiness (Simpson & Willer, 2015). In this study, it was explained based on the
results of interviews with respondents who stated that there were students who did not even
have learning readiness at all. The reason for not having the readiness to learn is because they
are lazy and have a lot of tasks to do. It can be concluded that the lack of learning readiness
can affect the learning acceptance process (Rohayani, 2015).

The next aspect of non-intellective psychological factors is a habit. Based on the
results of the interviews, the researchers found that there was not even a habit of reviewing
the learning carried out by students. This is in line with research by Arief et al. (2012) that
students do not have study habits or do not review lessons at home because students think that
the subject matter is difficult to understand. Factors of physical and psychological maturity in
the learning process of each individual are ready to receive and respond to lessons well. When
students lose focus on learning, students will pay less attention to learning well. In line with
it, students tend to do things they want and even don’t pay attention to lessons because they
have poor grasping power or the ability to accept lessons (Erna et al., 2021).

Another physical and psychological maturity factor is boredom which can also affect
the learning process. This was explained by several respondents, namely that they had felt
bored when studying physics for several reasons, namely because physics had many formulas,
it was difficult to solve practice questions, the learning time was long, and there were even
materials that students did not like. This boredom will reduce the concentration of student
learning. In addition, it is reinforced by research by previous research. Students tend to feel
bored because of a lack of interest in the teaching methods used by educators, and there is no
explanation about the benefits of the material being studied (Turner & Turner, 2018).

External Factors

Based on interviews, the researchers found that there were 5 factors that caused
students to have learning difficulties, namely the lecturer’s teaching methods, discipline,
building conditions, community life forms, and weather conditions. The first factor is the
lecturer’s teaching method, in learning basic physics | was taught by two lecturers, one of the
lecturers made the students less understand the material being explained, because they
explained only through in focus and the formulas were not re-explained on the blackboard.
Thus, the importance of lecturers paying attention to how to teach learning to students in
order to understand the material being taught (Rahayu et al., 2020). As explained by related
former research, students will not like the lesson or the teacher, even be lazy to learn because
the teaching method used is not good (Chusni & Hasanah, 2018).

Discipline is very important in the world of education, some respondents said that they
had come late to campus, for reasons of getting up late, getting stuck in traffic, even the
problem of the vehicle being used. The lack of student discipline in participating in learning is
one of the factors causing learning difficulties (Alyusfitri & Wahyuni, 2017). The state of the
building for learning is also important for the continuity of the learning process. Based on the
results of interviews, researchers found that the Physics Education Department did not have a
fixed study room. The condition or location of the school building is bad, even the
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environment and learning facilities that are less supportive will interfere with learning
concentration and will have an impact on learning achievement (Pitafi et al., 2012).

A less supportive community environment will hinder social, psychological
development, and even academic achievement for students (Celik et al., 2018). As the
respondent said in the interview, in the neighborhood where they live there are people who
play music loudly, people who are drunk like to shout, so that it disturbs students who are
studying. Weather conditions that are not good or rainy, it can prevent students from going to
campus because some use motorized vehicles, some are lazy to study, because the rainy
weather makes students want to rest rather than study. One of the causes of learning
difficulties is physical environmental factors such as unfavorable weather or climate
conditions (Kang & Doerr, 2012; Nahulae & Zamtinah, 2020).

Conclusions

Students still have difficulty understanding the parabolic motion material. Based on
the learning objectives and material profile, the overall assessment results from the diagnostic
test that 19 students have not completed in achieving the learning objectives in understanding
the sub-materials parabolic motion, because the highest score obtained by one of the students
Is 53, while the minimum completeness reaches a value of 56. The test indicators in the
learning objectives approach have a percentage of 42.1%, 57.9%, 68.42%. The test indicators
on the material profile approach have percentages of 63.16%, 68.42%, 89.47%. Based on the
knowledge prerequisite approach, the percentage of each test indicator is 47.37%, 89.47%,
89.47%. Based on the misconception approach, the percentage of each test indicator is
26.32%, 78.95%, 94.74%. Based on the structured knowledge approach the percentage of
each test indicator is 63.16%, 78.95%, 84.21%. These difficulties are influenced by internal
factors, namely body defects, fatigue, attention, readiness, habits, how to receive lessons,
boredom; and external factors, namely the lecturer’s teaching methods, discipline, building
conditions, forms of community life, and weather conditions.
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