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Abstract: Physics learning barriers have been studied quite a lot, one of which is epistemological learning barriers. This study was aimed
to determine the epistemological learning barriers and what the percentage of epistemological learning barriers on Newton's law
material about motion in one of the engineering class at one of the vocational high school in Indonesia. Therefore, the researchers
reported the results of research related to epistemological learning barriers. This research was qualitﬂ descriptive research. The
subjects of this research were 65 students with an age range of 14-15 years. The data was collected using tests and interviews. The data
analysis techniques consisted of data reduction, data presentation, and conclusions. The data validity was determined using technical
triangulation. The results of this researchindicated that high epistemological barriers were foundintwoindicators, namely the incorrect
caleulation and the difficulty to determine the right calculation units on the Newton's First, Second, and Third Laws with the
percentages of 88.75%, 6.87%, and 98.45% respectively. The average percentage epistemological learning barriers on the Newton's First
Law was 61.7% within the moderate category and the average perceages of epistemological learning barriers on Newton's Second
and Third Laws were 70.61% and 76.50% within the high categories. Based on these results, it can be concluded that students had
difficulty in calculating and determining Newton's Laws’ unit of calculation. It indicated that the students experience epistemological
learning barriers with a high category.
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INTRODUCTION

The efforts in mastering the concepts of physics material in schools are influenced by many elements. These
elements include students, teachers, learning methods, and the environment which can simultaneously influence
the success of learning, especially in mastering the concept of material (Maghfirzah et al., 2017; Nuangchalerm et
al., 2019; Sugiarti & Pribadi, 2013). Mastery of learning materials can make a significant contribution to the success
of learning. The success of students in learning is supported by their ability to understand the concept of a material
(Diani et al., 2016; P. M. Putri et al., 2012; Soleh et al., 2009; Widoyoko & Rinawati, 2012).

Understanding the concept of a material can help students in solving problems (Thahir et al., 2020), Also, the
students can find out how to solve the problems logically. But in reality, the sf@ilents' physics problem solving has
not run well because they are identified as having learning disabilities (Jhahro et al., 2018; Komariyah et al., 2018;
N. S. Putri et al., 2018).

The learning barriers, according to Brousseau, are divided into three, namely ontogeny learning barriers,
didactic learning barriers, and epistemological learning barriers (Erousseau, 2002). During the pre-research, it was
found that 26.18% of students experienced ontogeny learning barriers, 24% of students experienced didactic
learning barriers, and 49.8% of students experienced epistemological learning barriers. Therefore, students at the
school were identified as having epistemological learning barriers.




Journal of Innovation in Educational and Cultural Research, 2020, 1(1), 1-5

Epistemological learning barriers arise because of incomplete knowledge. The epistemological learning
barriers tend to lead to mistakes due to the existing knowledge. To be able to determine the epistemological learning
barriers, historical analysis approaches can be carried out, namely (1) explaining and understanding the knowledge
learned, (2) understanding the use of the knowledge, (3) looking at the relationship between the concepts learned
and other related concepts, (4) identifying the problems and explaining the reasons for the solutions, (5) repeating
wrong answers to the same problems and the way each student understands the problems (Brousseau, 2002;
Maghfirah et al., 2017; Pebriyanti et al., 2017).

Epistemological learning barriers occur if the students cannot use their knowledge of different problems. Many
students solve problems without understanding what is meant by the problem, so mistakes might occur. The
students usually do the exercises just by utilizing their counting capacity without having to analyze what is meant
by the problems (Ahmad et al., 2017; Brousseau, 2002; Yuberti et al., 2019). The inability to identify, explain,
determine, and correlate tH{ relationship between physics learning materials might cause epistemological barriers
(Brousseau, 2002; Budiarti et al., 2018; Lestari et al., 2017; Maghfirah et al., 2017; Pebriyanti et al., 2017).

The researchers chose Newton's Law material because it requires a deeper understanding. The students
sometimes do not study too hard which causes concepts errors (Nursaila & Faridah, 2016; Saglam-Arslan &
Devecioglu, 2010; Sulistri & Lisdawati, 2017). Besides, Newton's law is@k3o very impartant in physics so that mastery
of this material is imperative to be mastered by students (Damayanti et al., 2014; Januarifin et al., 2018; Maharan
etal., 2019; Sukma et al., 2019).

The researchers have previously conducted several forms of identification of epistemological learning barriers,
including identifying epistemological leaming barriers in mom@um and impulse material, static fluid, pressure on
the liquid, the Bernoulli's principle, energy and its changes, the study of students' learning difficulties in mathematical
proof in§{fms of epistemological aspects on the transformation geometry subject, and stuents' epistemological
barriers in determining the domain and range of quadratic functions in high school (Eudiarti et al., 2018; Lestari et
al., 2017; Maghfirah et al., 2017; Pebriyanti etal., 2017; Rasmania et al., 2018; Sundawan et al., 2018). The novelty
of the epistemological learning barriers discussed in this research lies in the material because to determine and
identify epistemological barriers, it must be focused on one subject matter. Based on the causes and consequences
of the epistemological learning barriers, the researchers need to identify the epistemological learning barriers on
Newton's Law material.

METHODS

The method and design used in this research were the descriptive-qualitative methods with case study design.
Descriptive research in this research plays a role in describing, and answering questions on the current issues by
investigating symptoms or analyzing the relationships between several variables (Yuberti & Saregar, 2017). The
qualitative method is used to examine the natural conditions of objects with the researchers as the key instruments.
In this method, the triangulation technique walpplied to the data that had been inductively collected (Sugiyono,
2016). The qualitative research procedure will produce descriptive data in the form of written and oral taken from
the observed people (Suwandi & Basrowi, 2008). The case study design was used to examine in detail a situation
or space to store documents on certain events where the boundaries between phenomena and contexts do not
appear explicitly (Syamsuddin, 2009; Yin, 2009).

The subjects of the research were 65 students in one of the vocational high school in Indonesia with an age
range of 14-15 years. The samples were selected through a purposive sampling technique which is a selection
caused by particular purposes or in other words B deliberate selection of samples (Creswell, 2008; Sugiyono, 2016;
Tongco, 2007). The instrument used to collect research data was in the form{@ a test, namely the written tests in
the form of a description which consisted of 3 questions of essential material of Newton's Law. The test was given
to the students who have studied Newton's Law. The stages of the research are illustrated in Figure (Ahmad et al.,
2017),
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Conducting preliminary resef@h in the engineering class at one of
the vocational hiah schoal in Indonesia

' Constructing the instruments in the form of test specification ]

Validating the constructed instrument to three experts J

Revising the instrument based on the suggestions from the experts
Administering the test to 65 students

Analyzing the results of the test

Randomly choose 4 students as the research subjects

Reporting the results of the analysis ]

Figure 1. The Research Procedure

The data analysis techniques consisted of data reduction, data presentation, and conclusions.

{ N

Analyzing raw data from the results of

interviews with the respondents and then
Data organizing the data

Reduction . 7

Presenting the results of the test and the

Data interviews to identify the phenomena that
Display occurred in the field
\, J
. [ -‘
Conclusions Drawing tentative conclusions based on the

analyzed data and then modifying it if needed

e v

Figure 2. Data Analysis Procedure

The validity of the data was determined via the triangulation techniq@ by checking the same sources or
research subjects but with a different technique, specifically by looking at the results of the test and the interview.

RESULT AND DISCUSSION

Based on the results of the test on Newton's Law material, th@percentages of epistemological learning
barriers in each Newton's Law were determined. The results can be seen in Table 1, Table 2, and Table 3.
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Table 1. The Percentage of Epistemological Learning Barriers Based on the Test on Newton’s First Law

No Barriers Percentage Category
1 Cannot mention the physical quantities of the 41.59% Low
problems
2 Incorrect identification of the physical quantities of 41.59% Low
the problems
Incorrect use of equation in Newton's First Law 40.67% Low
4 Calculation errors 88.75% Very High
5 Unable to determine the exact physical units 88.75% Very High
6 Unable to explain the relationship between Newton's 70.62% High
force and gravity
Average score 61.7% Moderate

Based on Table 1, it can be seen that the students’ highest epistemological learning barriers found on the
calculation errors and the inability to determine the exact physical quantities. The average percentage of
epistemolodflial learning barriers on Newton's First Law material was 61.7% within the moderate category. The data
percentage can be seen in the following figure;

The Percentage of Epistemological Leaming A Cannot mention the
Barriers on Newton's First Law physical quantities of the
120 problems

B. Incorrectidentification of
the physical quantities of
the problems

C. Incorrect use of equation

60 in Newtor's First Law

D. Calculation errors

$0 E. Unable to determine the

ex act physical units

20 F. Unable to explain the

relati onship between

Newton's force and

gravity

100

Figure 3. Percentage of Epistemological Learning Barriers on Newton's First Law

Table 2. The Percentage of Epistemological Learning Barriers Based on the Test on Newton's Second Law

No Barriers Percentage Category
1 Cannot mention the physical quantities of the problems 58.61 Moderate
2 Incorrect identification of the physical quantities of the 58.61 Moderate

problems
3 Incorrect use of equation in Newton's Second Law 43.01 Low
4 Calculation errors 73.71 High
5 Unable to determine the exact physical units 96.87 Very
High
6 Unable to explain the relationship between acceleration 92.96 Very
and force High

Average 70.61 High
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Based on Table 2, it was known that the highest epistemological learning barriers can be found in the “unable
to determine the exact physical quantity for acceleration” with a percentage of 96.87%. The average percentage of
epistemological learning barriersfin Newton's second law was 70.61% with a high category. The percentage of
epistemological learning barriers can be seen in the following figure:

The Percentage of Epistemological Leaming A Concol  wicaken e
Barmiers on the Newton's Second Law physical quantities of the

20 problems
B. Incorrect identification of

the physical quanfities of
the problems
Incorrect use of equation

F. Unable to
relationship

20

in Newton's Second Law

ou D. Calculation errors
E. Unable to determine the
10 exact physical units

acceleration and force

explain the
between

Figure 4. The Percentage of Epistemological Learning Barriers Based on Newton's Second Law

Table 3. The Percentage of Epistemological Learning Barriers Based on the Test on Newton's Third Law

No. Barriers Percentage Category
1 Cannot mention the physical quantities of the problems 53.81 Low
2 Incorrect identification of the physical quantities of the 53.81 Low

problems

3 Incorrect use of equation in Newton's Third Law 72.15 High
4 Calculation errors 98.45 Very High
5 Unable to determine the exact physical units 98.45 Very High
6 Cannot explain the relationship between the force and 82.38 Very High

tension of the rope and the gravity

Average 76.50

High

figure:

Based on Table 3, the highest epistemological learning barrier can be found in the calculation errors and
cannot determine the exact unit for Newton's acceleration with a percentage of 98.45%0 The average percentage
of epistemological learning barriers was 76.50% within a high category. The percentages can be seen in the following

Indonesian Journal of Sustainability Accouhting and Management, 2019, 3(2), 227-238
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The Percentage of Epistemological Leaming A Camot mention the
Barriers on Newton's Third Law physical quantiies of the
120 problems

B. Incomrect identification of

100 the physical quantities of

the problems

80 C. Incotrect use of equation in

Newton's Third Law

6l D. Calculation errors

E. Unable to determine the
exact physical units

F. Camot explain the
relationship between the

0 force and tension of the

A 3 ( D I rope and the gravity

Figure 5. The Percentage of Epistemological Learning Barriers Based on Newton's Third Law

Based on the research analysis of epistemological learning barriers on Newton's Law material, very high
categories of epistemological barriers were found, namely (1) In the Newton’s First Law, the barriers were found
the calculations error and in determining the exact unit in calculations; (2) In Newton's Second Law, the barriers
were found in defZnining the exact unit of calculation and in explaining the relationship between acceleration and
force; and (3) In Newton’s Third Law, the barriers were found in the calculation errors, in determining the right unit
for Newton's acceleration and force, and in explaining the relationship between the force and tension of the rope
and gravity. To clarify the data obtained after analyzing the diagnostic test results, the interviews with four randomly
selected students were conducted. The results are presented in the following discussion.

Epistemological Learning Barriers On Newton's First Law

The average student experienced epistemological learning barriers in calculation errors and in determining
the exact unit of calculation (see Table 1). Of the 4 subjects, 2 of them experienced learning barriers in calculation
errors and in determining the exact unit of calculation. One subject provided poor answers and one other subject
provided partially correct answers.

It was found after interviewing the four subjects, they only focused on the formula without knowing the
purpose of the problem so that they had difficulty in analyzing the problems and applied the incorrect formula when
answering the problem. The incorrect students’ answers affected their ability to determine the right unit to solve
the problems. This indicated that the students experienced epistemological learing barriers. The following figure
displays the problem along with a description of the students’ answers on Newton's First Law material.
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Look at the picture below.
Azka is drawing water from the well ... (g = 10 m / s?)

f; h ttf},//zu/fas-e,r;t}ima. blogspot. cormy/2018/08/type-type-plane-simple-
katrol.htm/?m=1

Based on the picture;
a. Identify and write are the quantities that can be found in the
picture.
b. Write the equation of Newton's Law based on the picture.
c. Write the equation for rope tension and gravity.
d. Calculate the mass of the object.

Figure 6. A Problem on Newton's First Law Material

Student A provided a wrong answer for question number 1.d. Student A was unable to do calculations on the
problem and used incorrect formula is working on the problem. The incorrect answers misled the student in
determining the correct unit of the calculation. Student A was unable to do the calculation, therefore student A was
identified as having epistemological learmning barriers (Rasmania et al., 2018). The average percentage of
epistemological learning barriers in Newton's First Law material was 61.7% within a moderate category.

The Epistemological Learning Barriers on Newton’s Secon Law

The epistemological barriers were very high because the students cannot determine the exact unit for the
acceleration. The students also cannot explain the relationship between acceleration and force (see Table 2). After
conducting the interviews with 4 respondents, it was found that some of them could solve the problems. However,
many of them made errors in determining the unit of acceleration. They were confused when asked to explain the
relationship between acceleration and force. Similar to the case in Newton's First Law, the students fixated on the
use of formulas without knowing the concept. From these statements, the students failed to identify the problem,
failed to explain the reasons for the solution, and unable to see the relationship between the concepts with other
related concepts. The following is the question and the descriptions of answers of the student with the highest
epistemological learning barriers on Newton's Second Law material.

Indonesian Journal of Sustainability Accouting and Management, 2019, 3(2), 227-238
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Pay attention to the statements and pictures below.
Bara used to ride the elevator to get to his room as can be seen in the
picture below

(g= IUm;‘sth =520N)

|

Based on the picture;

a. Identify affifilvrite the physical quantities found in the picture.

b. Write the equation for Newton's Second Law based on the
picture.

c. Calculate the gravity.

d. To determine the acceleration, determine the equation of the

relationship between force and acceleration.
e. Determine the acceleration of the elevator.
Figure 7. A Problem on Newton's Second Law Material

Student C experienced the highest epistemological learning barriers. Based on his answer on question number
2.e, he was unable to perform the correct calculation because student C answered incorrectly in the previous
question. Therefore C performed incorrect calculation and was incorrect in determining the unit of the calculations.
Meanwhile, student B was able to solve the problems although he was wrong in determining the unit for acceleration.
The average percentage of epistemological learning barriers on Newton's Second Law was 70.61%.

The Epistemological Learning Barriers on Newton’s Third Law

The highest epistemological learning barriers experienced by the students were the errors in calculation and
unable to determine the exact unit for Newton's acceleration and force. From the four subjects, 3 subjects made
errors in calculation and were unable to determine the right unit while 1 subject was not good enough in solving
the problem. Based on the analysis of students’ answers and interviews, they revealed that they had difficulty in
understanding the instructions. This is evidenced by their answers where they used the wrong formula which led
them to make a mistake in determining the right unit. From this analysis, the epistemological learning barriers
occurred because the students failed to understand and apply the concepts they have learned. The following is the
question and descriptions of answers of the students with the highest epistemological learning barriers on Newton's
Third Law material.
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Pay attention to the statements and pictures below.

The Atwood machine, as shown in the picture, dists of a smooth
cylindrical pulley without friction with a mass of 10 kg. (uxk= 0.1, g= 10m
/s

Based on the picture;
a. Identify and write the physical quantities found in the picture.
b. Determine the equation for rope tension by reviewing mi ...
c. Write the equation for the relationship between rope tension and gravity
to find the acceleration by reviewing ma ...
d. Calculate the acceleration.
e. Calculate the rope tension.
Figure 8. A Problem on Newton's Third Law Material

In problem 3.d, the students were expected to calculate the acceleration. The students were unable to
determine Newton's Third Law by incorrectly calculating the problem and cannot determine the right unit for force
and acceleration. Student D cannot answer correctly because, based on the previous problem that required him to
find the equation, he cannot determine the equation so he cannot perform the calculation properly. Student D
performed incorrect calculations and used a different formula.

In problem 3.e, the students were expected to calculate the rope tension. The indicator of the
epistemological learning barrier was to explain and understand the concepts learned where the students were unable
to determine Newton's Third Law by performing incorrect calculations and cannot determine the right unit of
calculation. Based on his answer, student D could nod provide the correct answer because, in the previous problem,
he was unable to determine the relationship between the equations. This indicated that the students experienced
epistemological learning barriers (Maghfirah et al., 2017). The average percentage of epistemological learning
baff2rs on Newton's Third Law material was 76.50%.

Based on the results of the analysis, the epistemological learning barriers experienced by the students’ were
caused by their imperfect understanding of the concepts (Pebriyanti et al., 2017). Epistemological learning barriers
can cause difficulty to understand the next material and the difficulty in processing and solving problems. Thus,
treatments need to be done to overcome or minimize these epistemological learning barriers.

3
CONCLUSION

Based on the results of the test on Newton's Law material, it can be concluded that in Newton's First Law,
the highest epistemological learning barriers were found in the incorrect calculation and inability to determine the
exact unit when working on the problem. The percentage of epistemological learning barriers was 88.75 %. In
Newton's Second Law material, the highest epistemological learning barrier was found in determining the right unit
for acceleration. The percentage of epistemological learning barriers was 96.87%. The highest epistemological
learning barriers on Newton's Third Law can be found in determining the right unit for Newton's acceleration and
force. The percentage of epistemological learning barriers was 98.45%.

The average percentage of the epistemological barriers in the engineering class of one of the vocational high
schools on Newton's First Law was 61.7% within the moderate category, on Newton's Sefnd Law was 70.61%
within the high category, and on Newton's Third Law was 76.50% within the high category. Based on the results of
the study, it can be suggested that students should study physics in-depth and continue to sharpen their knowledge
by always practicing calculation work. The teacher is expected to compile a learning design that can anticipate the
barriers experienced by the students so that they can follow the learning process effectively and efficiently

Indonesian Journal of Sustainability AccouBting and Management, 2019, 3(2), 227-238
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