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Received 15 February 2023 One of the important materials to study in a trigonometry course is the
Revised 12 April 2023 value of trigonometric functions in standard positions. However, the
Accepted 15 April 2023 results of preliminary research show that there are still many first
Published 30 April 2023 semester students who experience errors in determining the value of the

trigonometric function in the standard position. These errors are
important for further analysis. Therefore, this study aims to describe the
mistakes of the first semester students in determining the value of the

KEYWORD& trigonometric function in the standard position. This type of research is a
Trigonometry qualitative descriptive study with a case study approach towards students
Conceptual Error of the mathematics education study program at a university in Malang. The
Principle Error data collected in this study consisted of the subject's work and transcripts
Calculation Error of interviews with the subject. Work data were analyzed descriptively to
Factual Error know the types of student errors. The transcript data from the interview

results were analyzed by coding, to determine the factors that caused
student error. The results showed that out of 34 students who made errors
in determining.

INTRODUCTION

One of the important subjects to be taught to prospective teacher mathematics is Trigonometry
courses. Trigonometry courses discuss triangles and trigonometry functions (Downing, 2009; Lial et
al, 2016). The importance of the subject to be taught to prospective teacher is because prospective
teacher will teach trigonometry material at the junior high school level. In addition, the trigonometry
course is a prerequisite course for courses in calculus, vector analysis, and differential equations.
Trigonometry material also has a lot to do with concepts and their applications in various disciplines
(Nabie etal., 2018). So, in general the importance of trigonometry courses to be taught to prospective
teacher is because prospective teacher must master trigonometry material before they teach
trigonometry material at the high school level.

One of the trigonometry materials that students learn is trigonometry functions at standard
positions. Trigonometric functions in standard positions are defined as comparisons of trigonometric
functions in Cartesian coordinates (Lial et al, 2016). Learning trigonometry functions in this
standard position starts with an introduction to trigonometry comparisons of triangles. This is
because the application of trigonometry ratios of triangles at standard positions will produce
trigonometry functions at standard positions. For example, the trigonometry ratio for the sine
function in Indonesian is SINDEMI (Sin Depan Miring). If the trigonometry comparison for the sin
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Figure 1. Position of standard angle 6 in quadrant I

function is applied in the standard position, then the sin function in the standard position will be
sin@ = % (see Figure 1).

There are six trigonometric functions of angle 0 that are studied, namely sine, cosine, tangent,
cotangent, secant, and cosecant. These six trigonometric functions are abbreviated sin, cos, tan, cot,
sec, and csc. If these six trigonometric functions are applied in standard positions (see Figure 1), we

will obtain the definitions of the six trigonometric functions for angle 8 in standard positions, namely

sin@ = X, cosO = E, tan 0 = X,x #0, cotH =r§,y # 0, secO = E,X # 0, and cscB = E,y * 0.
r r X y ] X y

The use of the six definitions of trigonometric functions in standard positions is influenced by the

location of the angle 6. For example, for the function sinf = 3r—/ (for 6 in quadrants I and II) and the

function sinf = —% (for 8 in quadrants III and W). This means that in determining the value of the

angle trigonometry function in standard positions, you must pay attention to the quadrants.

However, the results of the study showed that first-semester students made a mistake in
determining the value of the trigonometry function in the standard position, not paying attention to
the location of the quadrants (Jaelani, 2017). Furthermore, the results of the study also show that
preservice teachers have difficulty solving trigonometry problems (Nabie et al., 2018). The results of
the preliminary research also showed that of the 92 students in the first semester of the mathematics
education study program who completed questions about trigonometry functions in standard
positions, 58 students answered correctly, and 34 students answered incorrectly. This means that
there are 37% of students answered incorrectly in determining the value of the trigonometry
function in the standard position. These student errors are important for further analysis. This is
because the analysis of student errors will provide insight to students or lecturers to find out student
misunderstandings (Ball, 1993; Ball & Friel, 1991; Borasi, 1994; Webb & Mastergeorge, 2003). By
knowing student misunderstandings in understanding material or in solving problems, students or
lecturers can improve student understanding (Setiawan, 2021b, 2021c, 2021a). Research in
cognitive failure or errors is an important area of research in mathematics education (Awofala &
Odogwu, 2017). Errors in learning mathematics are of concern to researchers, scholars, and
mathematics teachers (Kshetree et al., 2021). In addition, errors are considered by other researchers
as a major component of the pedagogical content knowledge (PCK) required to teach mathematics
(Barkai, 2021). Thus, it is important to research student errors in solving trigonometry problems
because it will provide benefits to correct student misunderstandings.

The importance of research on student errors in solving trigonometry problems is of concern
to several researchers. Research (Jaelani, 2017) analyzed student errors in solving trigonometry
problems which showed that students experienced errors in determining the value of quadrant
functions because they did not pay attention to quadrants. Research (Imelda, 2018) analyzed
students’ difficulties in solving trigonometry problems which showed students had difficulties in
using trigonometry formulas to solve trigonometry problems. Research (Nabie et al., 2018)
analyzed student teacher candidates' perceptions of trigonometry courses which showed
that students said trigonometry was difficult, abstract, and boring. Previous research is analyzing
errors in determining the distance between two points in the cartesian plane (Setiawan, 2022a),
analyzing student errors in solving problems applying radian measurements (Setiawan & Surahmat,
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Find all the trigonometric functions for each of the following values.
(@) tanB =-— 1—85 and 6 is in quadrant I

(b) cotl = \/—f and 6 is in quadrant I
() sinf= zand 0 is in quadrant II

d cotf = ALl and 6 is in quadrant III
3 q

Figure 2. Research instruments

2021), analyzing errors in drawing a graph of the cosine function (Setiawan, 2022b). The research
that has been done does not discuss student errors in determining trigonometric function values at
standard positions. Therefore, research is still needed to analyze student errors in determining the
value of the standard angle trigonometry function.

In contrast to previous research (Imelda, 2018; Jaelani, 2017; Nabie et al., 2018; Setiawan,
2021d, 2022b, 2022a; Setiawan & Surahmat, 2021), this study aims to describe the mistakes of first
semester students in determining trigonometric function values at standard positions along with
their causal factors. The results of this study have theoretical benefits and practical benefits. The
theoretical benefit of this research is to develop a theory of errors in the matter of quadrant angle
trigonometric function values. While the practical benefits of the results of this study are used by
students to improve their understanding in understanding trigonometric function material in
standard positions and used by teachers or lecturers in teaching material trigonometric function
values in standard positions.

METHODS

This research method is qualitative research with a case study approach to 8 students of the
first-semester mathematics education study program who were selected as research subjects. This
research was carried out at one of the tertiary institutions in Malang City in the odd semester of the
2021/2022 Academic Year. The process of selecting subjects in this study consisted of three steps.
The first step was to ask 92 students of the mathematics education study program to work on the
Mid Semester Examination questions which consisted of 6 questions, one of which was a question
about trigonometric function values in standard positions (see Figure 2). The second step is to
correct student answers so that 46 students experience errors in determining the value of
trigonometry functions in standard positions. The third step is to classify the work of 46 students
based on the type of error. The results of the classification show that there are 7 different
characteristics of errors made by students (see Table 2). Of the 7 characteristics of these errors, one
subject was selected who could provide a detailed explanation of the results of his work (while for
principal errors consisting of 12 students, two subjects were taken), so 8 subjects were obtained in
this study.

The data collected in this study consisted of the subject's work results and interview
transcripts. The procedure for collecting data on the work of the subject is carried out by the steps
for selecting the subject. From the steps for selecting the subject, it was obtained that the subjects of
this study were 8 students of the mathematics education study program in the first semester.
Furthermore, the results of the work of these 8 subjects were used as data on the results of the
subject's work which would be analyzed further. The data collection procedure in the form of
interview transcripts with the subject was carried out in two steps. The first step is to conduct
interviews with research subjects via WhatsApp. The second step is to transcribe the interview
results word for word so that all interview results can be transcribed. Thus, the data was obtained in
the form of transcripts of interviews with research subjects.

By the data collected in this study, the research instrument consisted of questions and
interview guidelines. The two research instruments were developed by the researchers themselves.
The research instrument in the form of this problem consists of 4 questions about trigonometric
function values in standard positions which can be seen in Figure 2.

https://journals2.ums.ac.id/index.php/jramathedu


https://journals2.ums.ac.id/index.php/jramathedu

126 Journal of Research and Advances in Mathematics Education, 8(2), 123-139, April 2023

Table 1. Student error classification framework

No. Error Type Error Indicators

1 Conceptual Error Errors in understanding the concepts contained in the matter of
trigonometric function values in standard positions.

2 Principle Error Errors in applying the formulas, definitions, and methods used to
determine the value of the quadrant angle trigonometry function.

3 Calculation Error Error in determining the result of arithmetic operations.

4 Factual Error Errors in identifying information and errors in understanding the

intent of the questions.
Source: (Muthukrishnan et al., 2019; Oktaviani, 2017; Setiawan, 2020)

Table 2. Result of classification error solving function value problem in standard position

Error Type Error Indicators Errors In Determining Trigonometry Many of
Function Values At Standard Positions Students

Conceptual  Errors in understanding the Error in understanding the definition of 1
Error concepts contained in the trigonometric functions in standard

matter of trigonometric positions (misunderstanding of inverse

function values in standard identity)

positions Error drawing triangles on quadrants 3
Principle Errors in applying the formulas, Error in applying the definition of 12
Error definitions, and methods used trigonometric functions in standard

to determine the value of the positions without regard to quadrants

quadrant angle trigonometry The mistake of applying the method 6

function which is the Pythagorean identity

Error applying the Pythagorean Theorem 1
formula

Calculation  Error in determining the result  Errors in performing arithmetic 5
Error of arithmetic operations operations
Factual Errors in identifying Error in understanding the meaning of 6
Error information and errors in the question

understanding the intent of the

questions

Total 34

From Figure 2 it can be seen that the four questions involve various quadrants. Before the
instrument was used, it was first tested the validity of experts consisting of two mathematics
education lecturers at the University of Islam Malang. Validity test is done by using expert judgment.
The results of the validity test show that the instrument used is valid for measuring student errors in
determining trigonometric function values at standard positions. This is because if students do not
pay attention to the location of the quadrants, they will be trapped into errors in determining the
value of trigonometry functions. In addition, if students are wrong in using the opposite identity, they
will be trapped in an error. If students misunderstand the intent of the problem and apply the wrong
way of solving it, students will be trapped in an error.

Data analysis in the form of student work was carried out by classifying errors based on
conceptual errors, principle errors, and factual errors which can be seen in Table 1. The reason
researchers classify student errors in determining trigonometric function values at standard
positions based on conceptual errors, principle errors, calculation errors, and factual errors is based
on research materials and instruments. The concept contained in the trigonometric function value
material at standard positions is the definition of trigonometric functions at standard positions and
images of triangles at standard positions. If students are wrong in defining trigonometry functions
and wrong in drawing triangles in standard positions, then students experience conceptual errors.
This is in accordance with the opinion (Setiawan, 2020) which says that a conceptual error is an error
in understanding a concept. Furthermore, this principle error is an error in applying rules,
properties, formulas, or theorems in solving problems (Setiawan, 2020).
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Figure 3. Errors in defining secant and cosecant

The principles in determining trigonometric function values at standard positions are the
application of the Pythagorean theorem, the application of the definitions of trigonometric functions
in various quadrants, and the application of the Pythagorean identity. While arithmetic errors are
errors in determining the results of arithmetic operations. The application of the Pythagorean
theorem in the matter of trigonometric functions at standard positions requires calculations. If
students make mistakes in calculating, they will be trapped into calculation errors. Next, if the
student is wrong in identifying the problem or misunderstood the meaning of the question, then the
student will be trapped in a fact error. Where, fact errors are errors in identifying the information
contained in the problem (Muthukrishnan et al., 2019; Oktaviani, 2017). So in general it can be said
that student errors in determining trigonometric function values at standard positions can be
categorized into conceptual errors, principle errors, calculation errors, and factual errors.

Validation of the results of these findings in the form of student errors in determining
trigonometric function values at standard positions was carried out by asking the subjects again
through interviews whether they agreed with these findings. and asked the subject to re-check the
accuracy of the findings of this study (Creswell, 2012). The seven subjects said that the results of
these findings were accurate and by the mistakes they made in determining trigonometric function
values at standard positions.

FINDINGS

The results showed that of the 92 students who solved the function value problem in the
standard position, 34 students answered incorrectly. Of the 34 students who answered incorrectly,
an error classification was obtained which can be seen in Table 2. In Table 2 it can be seen that of the
34 students who experienced errors in determining the value of trigonometric functions in standard
positions, the percentage of each of the many students who made mistakes obtained: 11% conceptual
errors, 56% principle errors, 15% calculation errors, and 18% factual error. This means that first
semester students experience more principle errors in determining trigonometric function values in
standard positions. From the results of classifying student errors in determining trigonometric
function values at standard positions, one subject will be taken from each type of error. There were
8 subjects in this study who would be analyzed further regarding the results of the subject's work
and the factors that caused the subject's errors.

Conceptual errors

The first conceptual error is the error in defining trigonometric functions at standard positions.
As a result of this error, students experience errors in determining trigonometric function values at
standard positions. There was one student who experienced this error and was subsequently
selected as the first subject (S1) in this study. The results of the first subject's work can be seen in
Figure 3.
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Figure 4. Error drawing triangles in standard position

From Figure 3 it can be seen that the subject was wrong in defining sec 0 and csc 6, namely
secO =§ and cscB = -

== As aresult of this error in defining, the subject is wrong in determining the
comparison value for the sec8 and csc functions. Factors causing this error can be seen from the

following interview excerpt.

R 1 Please explain how do you answer this question?

S1  : [Ilooked forr first, by using the Pythagorean theorem, so that r is equal to 17. Because
in quadrant II, the negative value is x, so the x value is negative 8, the y value is 15 and
the rvalue is equal to 17. Then I determine the value of each trigonometric function, ... for
the secant function, it is r per y, because the secant is equal to 1 per sin and for the
cosecant function it is r per x because the cosecant is equal to 1 per cos. ...

From the interview transcript excerpts it can be seen that the subject has understood the
problem, can apply the Pythagorean theorem, and also paid attention to the quadrants. However,
there were two trigonometric functions that were misunderstood by the subject, namely the secant

. : . . 1
function and the cosecant function, where the subject's mistake was to think that sec0 = e and

1 . . . 1 1 .
csc O = ——. The correct inverse identities are sec® = —— and csc © = ——. This means that the
cos 0 cos O sin©

cause of the conceptual error made by the subject in defining the trigonometric functions in standard
positions is that the subject uses the wrong inverse identity for the secant and cosecant functions.

The second conceptual error is the error in drawing a triangle in a standard position. 3 students
made this mistake. Of these three students, 1 student was selected as the second subject (S2) of this
study. The results of the work of this second subject can be seen in Figure 4. From Figure 4 it can be
seen that the subject drawing a right triangle in quadrant II is not by the concept. The concept of a
triangle in the quadrant position is that the corner point 0 is located at the origin (0, 0), this is by the
definition of the angle at the standard position, namely the result of the rotation of the initial side on
the positive x-axis to the terminal side. However, the subject is correct in determining the value of
the trigonometric function in quadrant II. The reason for the subject drawing the triangle in Figure 4
can be seen in the following excerpt of the interview transcript.

R . Try to explain your answer?

S2  : There he found that sin theta is 3 by 5, where sin theta is y per r, so the y value is 3 and
the rvalue is 5, so to do this, I used the Pythagorean theorem to find the x value. The x
value meets plus minus 4, because in quadrant I1, the x value is less than zero, so the x
value is negative four. For the 5th one, sir, I'll try using the Pythagorean theorem too, sir.
Ifx is negative 4, y is 3, find r plus minus 5, because r is in quadrant Il more than zero. The
result is 5. So, I drew it just for illustration, sir. So, like in the triangle there will be y,
x, and r, wherey is 3, x is -4, and r is 5. Like that sir.
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Figure 5. Error not paying attention to quadrants

From the interview transcript excerpts it can be seen that the subject has understood the
definition of trigonometric functions in standard positions by saying that sin8 = Ewhlch means % SO

the values y = 3 and r = 5. The subject has also paid attention to the location of the quadrants and
the subject can also apply the Pythagorean theorem so that the subject can find the value x = —4
(because itis in quadrant II). However, the subject did not understand the shape of the triangle in the
correct standing position, where the subject only made an illustration of a triangle that has sizes x =
—4,y = 3,and r = 5 in quadrant II, so the subject was wrong in drawing a triangle in the standard
position. This means that the factors that cause misunderstandings in drawing triangles in this
standard position are because the subject only makes illustrations of the measurements that have
been calculated, without thinking about the correct location of a triangle in a standard position.

Principle errors

The first principle error is not paying attention to the quadrants in determining the values of
trigonometric functions at standard positions. As a result of not paying attention to quadrants,
students are wrong in determining the value of the quadrant angle trigonometry function. 12
students made this mistake. Of the 12 students, 2 students will be selected as the third subject (S3)
and as the fourth subject (S4) in this study. The results of the third subject's work can be seen in
Figure 5. From Figure 5 it can be seen that the subject made a right triangle with the correct side
lengths, namely 3, 4, and 5. Because this triangle is in quadrant II, the length of the base side or x
value should be —4. Because the subject does not pay attention to the triangle drawn which is located
in quadrant II, the subject is wrong in determining the comparison involving the value of x. For

S . o : . 4
example, the subject is wrong in determining the cos function ratio, namely cos 8 = 3 where the

. 4 e : .
correct answer is cos @ = — E (because it is in quadrant II). The factors causing the subject not to pay
attention to the quadrants can be seen in the following excerpt of the interview transcript.

R : Please explain how you solve question a?

S3 : Thereitis known that sin theta is 3 per 5 and theta is in quadrant II. I use
trigonometry ratios that exist in triangles. The first, draws the triangle, the second
enters the sin value. The sin value in trigonometry right, the front is slanted, the sides are
unknown. So, I looked for the side by using Pythagoras. After all were met, I entered the
values into the trigonometry comparisons. like cosine, cosine is the same side as the
hypotenuse, so 4 per fifth
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Figure 6. Error Not Paying Attention to Quadrants

From the excerpts of the interview transcript, it can be seen that the subject solved questions
about trigonometry functions in standard positions using trigonometry comparisons. Then the
subject was also able to use the Pythagorean theorem correctly, but the subject did not carry out
further analysis or did not pay attention again to the problem which stated 0 in quadrant II. As a
result, the subject is wrong in determining trigonometric ratios in quadrant II. This means that the
factor causing the subject not to pay attention to the quadrant is that the subject only does intuitive
thinking, where the subject does not pay attention again that 0 is in quadrant II. Therefore, it is
important to look back for 6 located in quadrants [, I, III, or IV.

While the results of the work of the fourth subject (S4) who also experienced the same error
as the third subject can be seen in Figure 6. From Figure 6 it can be seen that the subject considers

that the negative value of the ratiotanf = —% is —15. If you pay attention to the problem, the

. . 15, . . .
negative value of the ratio tan 8 = — - is —8, this is because 6 is located in quadrant II. As a result of

not paying attention to the location of this quadrant, the subject experiences errors in determining
the values of other trigonometric functions. Factors causing this error can be seen in the following
interview excerpts.

R 1 Please explain how you solve question a?

S4 : Whatis already known in the problem is that the theta tangent is negative 15 per 8.
First, I draw a right triangle, where I determined the obverse, side, and hypotenuse
sides. ... For cos theta the formula is the side divided by the hypotenuse, or x perr, X
per r equals 8 per 17, now to find the cosecant theta, the cosecant theta is the opposite
of sin theta, so 1 per sin theta or r pery, so cosecant tetha r pery equals 17 per min 15. ...

From the interview transcript excerpts it can be seen that the subject's attention is only focused
on the value of the trigonometry comparison in the problem, where the subject does not pay attention
that 6 lies in quadrant II. The subject also understands concepts in the form of definitions of
trigonometric functions at standard positions and the Pythagorean theorem. However, when the
subject applies the definition of trigonometric functions in standard positions, they do not pay
attention to the location of the angle 6 in the quadrant. As a result, the subject was wrong in
determining the value of the trigonometric function at the standard position. So, the factor causing
the subject not paying attention to the quadrants is the subject not paying attention to the location
of the angle 6 which is known to be in quadrants |, II, III, or IV.

The second principle error is in applying the Pythagorean Identity method. 6 students
experienced this error. Furthermore, one of the six students selected a subject as the fifth subject
(S5) in this study. The results of the fifth subject's work can be seen in Figure 7.
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Figure 7. Mistakes in applying pythagorean identity

From Figure 7 it can be seen that the subject applied the Pythagorean identity to determine the
value of the trigonometric function at standard positions. However, the subject did not determine the
sign for the value of each trigonometric function at the standard position. As a result, the subject
experienced an error in determining the value of the trigonometric function at the standard position.
The cause of this subject error can be seen in the following excerpt from the interview transcript.

R . Please explain how you solve question a?

S5 : Itis known that cot theta is equal to the root 3 per 8. The first thing I did was find tan
theta because tan theta is equal to 1 per cot theta, so tan theta is equal to 8 per root 3.
Then I looked for the secant theta by applying the Pythagorean identity, so that the
theta secant is equal to the plus-minus root of 67 per 3. Then I look for the cos theta
because the theta cos is equal to 1 per the theta secant, so the theta cos is equal to the
plus-minus root of 3 per 67. ...

R 1 Why use this method?

S5 1 Because I think it's easier and at that time, | remembered that way.

From the excerpts from the interview results it can be seen that the subject only pays attention

to the value of the angle ratio, namely cotf = g without paying attention to the location of 8 in the

quadrant. Then the subject applies the reverse identity and the Pythagorean identity. The subject is
correct in applying the opposite identity. However, when applying the Pythagorean identity, the
subject did not pay attention to the location of 6 in the quadrant which resulted in the subject not
choosing a positive or negative sign for the trigonometric comparison value that was sought by
applying the Pythagorean identity. As a result, the subject is wrong in determining the value of the
trigonometric function at the standard position. The factor that causes the subject's error in applying
the Pythagorean identity is that the subject does not choose the correct positive or negative sign for
the value of the trigonometric comparison because the subject does not pay attention to the location
of the angle 8 in a certain quadrant.

The third principle error is the wrong application of the Pythagorean theorem. There is 1
student who experienced this error. then 1 student was chosen as the sixth subject (S6) in this study.
The results of the work of the sixth subject (S6) who experienced an error in applying the
Pythagorean theorem can be seen in Figure 8.
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Figure 8. Errors in applying the pythagorean theorem
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Figure 9. Errors in counting

From Figure 8 it can be seen that the subject experienced an error in determining the value of

2
x, where the subject's error was x? = 72 + (\/g) . While the correct answer according to the

2
Pythagorean theorem is x? = 72 — (\/g) . The causes of the subject's errors in applying the

Pythagorean theorem can be seen from the following interview transcript excerpts.
R 1 Please explain how you solve question a?

S6 I'm sorry sir, my work is wrong. because I'm in a hurry sir. Supposed to find the value of x
is reduced because x is a side.

From the excerpts of the interview transcripts, it can be seen that the factors causing the

subject's mistakes in applying the Pythagorean theorem were due to being in a hurry or not being
thorough in doing the assignment.
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Figure 10. Error in understanding the meaning of the problem.

Calculation errors

Any 5 students experienced a calculation error in determining the value of the trigonometry
function at the quadrant angle. Of the five students, it was obtained: 2 students experienced an error
in calculating the square root result of the addition of two exponential numbers (see Figure 9. a), 1
student experienced a subtraction error (see Figure 9. b), 1 student experienced an error in
determining the multiplication of roots dissimilar (see Figure 9. c), and 1 student experienced an
error in determining the cube of a number (see Figure 9. d).

From Figure 9 (a) it can be seen that the students were wrong in determining the root product,

namely the result of Vx? + 9 = x + 3. From Figure 9 (b) it can also be seen that students are wrong
in determining the result of 49 — 5, namely answering 45. From Figure 9 (c) it can also be seen that
students are wrong in multiplying the roots, namely V3 x /67 = 201. Furthermore, from Figure 9
(d) it can also be seen that the students made a mistake in determining the result of 77, namely
answering 14. Furthermore, the researchers conducted interviews to find out the cause of the
calculation errors made by these five students. Transcript snippets showing the cause of the
miscount of one of the students who became the seventh subject (S7) of this study are as follows.

R 1 Please explain how you solve question a?

S7 :  So here the problem is that sin theta is equal to 3 per 5 and theta is in quadrant II. So it
is known that sin is y per r, y per r means thaty is 3 and r is 5, so what is not yet known is x,
so if we look for x using the formula r equals the root of x squared plus y squared,
where r is 5 equals the root of x squared plus 3 squared. So, 5 is the same as the square root
plus 9, so 5 is the same as x plus 3. So, the x meets 2. So, if everyone knows, the r is 5, the y
is 3, and the x is 2, we can easily enter it like in cos but that's x per d, so it's 2 per 5. ....

From the excerpts of the interview transcripts, it can be seen that the subject already
understands the questions well. However, the subject experienced an error when calculating the
square root results. The factor causing the subject's error in calculating the square root result is a
misunderstanding of the concept of the root product of the sum of two square forms, where the
subject thinks that the result of Va? + b? = a + b. While the results of interviews from students who
experienced subtraction errors and exponential results were caused by the subject not being careful
in reducing numbers and determining the results of powers of two. Furthermore, for students who
experience errors in determining the product of roots due to the subject's misunderstanding
understanding the product of roots, where the misunderstanding of the subject is to think that the
product of two numbers in the form of a root is to produce a multiplication of numbers whose roots
are omitted. So in general the cause of the subject experiencing arithmetic error is a
misunderstanding of the results of square roots and misunderstanding the results of multiplying two
forms of roots and not being careful in determining the results of arithmetic operations.
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Table 3. Description of errors in determining trigonometry function values at standard positions

Error Type

Causative Factors

Conceptual Error

Principle Error

Calculation Error

Factual Error

Description
Conceptual errors in determining
trigonometric function values at
standard positions are errors in

defining trigonometric functions at
standard positions and
misunderstandings in drawing right
triangles in standard positions.

The principal errors in determining
trigonometric function values at
standard positions are: (1) not paying
attention to quadrants when applying
the definition of trigonometric
functions at standard positions, (2)
errors in applying the Pythagorean
identity, and (3) errors in applying the
Pythagorean theorem.

Calculation errors in determining
trigonometric function values at
standard positions consist of: (1)
errors in calculating the square root of
the sum of two square numbers, (2)
subtraction errors, (3) errors in
determining the product of two roots
that are not the same, and (4) errors in
determining the second power.

Errors in fact in determining the value
of the trigonometry function is an error
in understanding the meaning of the
problem.

The causes of each error are errors in using
the inverse identity (secant and cosecant
functions) and errors in illustrating a
triangle without taking into account the
correct location of a right triangle in a
standard position.

The causal factors for each of these errors
are: (1) because they only used intuitive
thinking and did not pay attention to the
location of the quadrant of the angle 6, (2)
the subject did not choose the correct
positive or negative sign when applying the
Pythagorean identity, and ( 3) because of
being in a hurry or not being thorough in
applying the Pythagorean theorem.

The causal factors for each of these errors
are (1) misunderstanding of the concept of
the square root product of the sum of two
square forms, (2) inaccuracy in subtracting,
(3) misunderstanding of the product of two
square roots, and ( 4) less careful in
determining the result of a number raised to
the power of two.

The factor that causes this error is a
misunderstanding which thinks that if the
problem contains sin, then what is sought is
only cos and tan, similarly if in the problem
what is known is sec, then what is sought is
cot and csc.

Factual errors

Factual errors made by students in determining the value of trigonometry functions in
standard positions, namely errors in understanding the meaning of the problem. Any 6 students
experienced this error. Of the six students the misunderstandings in understanding the questions
consisted of 1 student understanding the questions to determine x, y, and r values only (after being
confirmed, it turned out that these students had not finished working on the questions), 4 students
understood only determining 3 trigonometry comparisons (see Figure 10. a), and 1 student thought
to find the theta value (see Figure 10. b)

From Figure 10(a) can be seen that students misunderstand the problem, where students think
they only determine the values of cos 8 and tan 8 because what they know is sin 8 . From Figure
10(b) it can also be seen that students misunderstood the meaning of the questions, where these
students understood the questions to determine the value of 6. Furthermore, to find out why
students made this mistake, the researcher interviewed the eighth subject (S8) ie the student who
wrote down the answer in Figure 10(a). An excerpt from the transcript of the interview results with
the eighth subject is as follows.

R 1 Please explain how you solve question a?

S8 : That'ssin theta, I first made a right triangle with sin theta. Tetha is in corner b, sin right
sin for the slanted front. So, the front is 3 slanted 5, so I'll look for Pythagoras first to
find the length of BA, so how much, and find the Pythagorean formula, which is 4. And
because it's in quadrant I, the x is negative, and the y is positive...
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R 1 Why do you only specify cos equals tan?

S8 . Because what Sin knows, sir, so in my opinion, just determine Cos and Tan, sir.
Likewise for question b, because what cot knows, so it's just a matter of looking for cosec
and sec, sir.

From the excerpts from the interview results it can be seen that the subject already
understands the application of Pythagoras and the subject has also paid attention to the quadrants,
and the subject has also understood the definition of trigonometric functions in standard positions.
However, the subject has a wrong understanding of the problem. The cause of subject misunderstood
the problem due to a misunderstanding of the information given in the problem, where the subject's
misunderstanding is that if one knows one of sin, cos, or tan, then what is also sought is sin, cos, or
tan, besides that what is known as one of cosec, sec, or cot, then what is sought is cosec, sec, or cot.
Meanwhile, students who answered in Figure 10(b) said that they could not answer the questions,
so they answered incorrectly.

Based on the results of the subject's job analysis and transcript analysis of interview results
with the subject, a description of the error and the factors causing the subject's error in determining
the value of the trigonometric function in the standard position are obtained which can be seen in
Table 3.

DISCUSSION

In general, the results of this study contribute to the development of the theory of errors in
solving mathematical problems in the matter of trigonometric function values at standard positions.
The results showed that the mistakes made by students in determining the value of trigonometry
functions at standard positions consisted of conceptual errors, principle errors, calculation errors,
and factual errors. In this study, there were no procedural errors in determining trigonometric
function values at standard positions. This is because the material and questions related to
trigonometric function values in standard positions place more emphasis on concepts, principles of
applying methods, and arithmetic operations rather than solving procedures. This means that the
types of errors can appear according to the characteristics of the material and the questions worked
on by students. The results of this study are by the results of previous studies which also show that
first-semester students experience conceptual errors, principle errors, calculation errors, and fact
errors (Abidin, 2012; Imelda, 2018; Jaelani, 2017; Nabie et al., 2018; Setiawan, 2021b, 2021d, 2021a,
2021c, 2022a, 2022b; Setiawan & Surahmat, 2021). However, the results of this study expand the
results of previous studies by explaining these various errors in the matter of trigonometric function
values at standard positions.

The first error in determining the value of a trigonometric function at standard positions is a
conceptual error. The results of this study are the results of previous studies which show that first-
semester students experience conceptual errors in solving trigonometry problems (Abidin, 2012).
The results of other studies also show that 60% of math teachers are wrong in defining angles and
90% of math teachers are wrong in defining radians (Tuna, 2013). The results of the study also show
that prospective teacher students have limited conceptual knowledge about the basic concepts of
trigonometry (Nabie et al., 2018). The results of this study expand the results of previous studies by
showing that the conceptual errors that occur in this study are caused by a misunderstanding of the
use of a concept (i.e. an error in using the concept of inverse identities) to construct another concept
(i.e. the concept of trigonometric functions at standard positions) and a misunderstanding of the
representations used (i.e. error of drawing a triangle at standard position). Therefore, to build a
concept can be started by understanding the correct basic concept and representation according to
the concept.

The second error is an error of principle. The results of this study are the results of previous
studies which show that first-semester students experience more principal errors in solving
trigonometry problems (Abidin, 2012). The results of this study expand the results of previous
research by showing that this principle error occurs due to errors in applying definitions (definitions
of trigonometric functions at standard positions), the Pythagorean theorem, and identities
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(Pythagorean identities) in solving trigonometric problems. The main reason for the failure of this
principle is intuitive thinking, that is, thinking based solely on perception without further analysis.
The results of previous research also show that the things that make trigonometry material difficult
for prospective teachers to understand are that it requires analysis (Nabie et al., 2018). Therefore,
applying definitions, theorems, and ways to solve trigonometry problems requires analytical skills.

The third error is a miscalculation. The results of this study are the results of previous studies
which show that first-semester students also experience calculation errors in solving trigonometry
problems (Giir, 2009; Hidayat & Aripin, 2020; Imelda, 2018). The results of this study expand the
results of previous studies by showing that the cause of this calculation error is a misunderstanding
of the concept of arithmetic operations and a lack of accuracy in performing calculations. This
misunderstanding occurs when only using intuitive or hasty thinking in solving arithmetic
operations involving square roots. Therefore, it is important to re-examine the results of the
calculations that have been carried out, so that the results of they calculations that have been carried
out are correct.

The fourth error is the error of fact. The results of this study are in accordance with the results
of previous studies which show that first semester students also experience fact errors in solving
trigonometry problems (Abidin, 2012; Imelda, 2018; Tuna, 2013). The results of this study expand
the results of previous studies by showing that the main cause of this fact error is the wrong
perception of the information contained in the problem. Perception is defined as the act of
recognizing and interpreting sensory information to obtain an overview and understanding of the
information provided (KBI, 2008). In simple terms, it can be said that the correct perception of the
information contained in the problem can result in success in solving the problem. Conversely, if the
perception is wrong, it will result in an error in solving the problem.

The results of this research also contribute to learning trigonometry to overcome student
mistakes in studying trigonometry function values in standard positions. The first implication for
reducing conceptual errors is carried out by understanding the concept of the definition of
trigonometric functions at standard positions and the concept of a right triangle at standard
positions. Various researchers also recommend emphasizing conceptual understanding in learning
mathematics (Nabie et al., 2018). The concept of trigonometry functions in standard positions is built
from trigonometry triangles, namely SINDEMI (Sin Depan Miring), COSAMI (Cos Samping Miring),
and TANDESA (Tan Depan Samping). If this trigonometry triangle is applied in standard positions,
then the definition of trigonometry functions in standard positions is obtained. The second is the
concept of a right triangle in a standard position. The concept of a right triangle in the correct
standard position is based on the corner point 8 which is located at the origin (0, 0). For example, the
angle 0 is in quadrant I (see Figure 1), then the corner point 6 is located at the origin (0, 0). Likewise,
if the angle 0 is in quadrants II, III, and IV, then the corner point 8 must also be located at the origin
(0, 0). In addition, the concept of a right triangle in a standard position is built by finding the reference
angle. This reference angle is defined as an angle whose sides are the x-axis and the terminal side of
the angle to which the reference is to be sought (Downing, 2009; Lial et al., 2016). For example,
drawing a triangle for angle 120° is done by finding the reference angle from 120°, which is 180° —
120° = 60°. So, the triangle drawing from angle 120° is the same as the triangle drawing from angle
60° in quadrant II with the sides being the x-axis and the terminal side from angle 120°. By
understanding that the corner point 0 is located at the origin (0, 0) and the reference angle, it is
expected that students can understand the concept of a right triangle in a standard position.

The second implication is learning to reduce principle errors by teaching how to apply
concepts that are understood correctly and more thoroughly. Not only that, in applying the concept
one must also be able to choose the most appropriate concept or strategy to solve the problem. The
results of previous research show that someone who has high ability also has high flexibility, namely
the ability to choose the most appropriate strategy in solving a problem (Rittle-Johnson & Star, 2007;
Star & Rittle-Johnson, 2008). The results of this study expand the results of previous studies by
showing that the most suitable strategy for determining the value of a trigonometric function is to
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apply the definition of a trigonometric function that takes into account the quadrants. By learning
how to choose and implement an appropriate and careful strategy, principal errors can be overcome.

The third implication is learning to reduce calculation errors by understanding the concept of
arithmetic operations and asking to be more careful in performing arithmetic operations. There are
2 misunderstandings about the concept of arithmetic operations that need to be corrected, namely:
(1) a misunderstanding of the square root product of the sum of two square numbers and (2) a
misunderstanding of the product of like square roots. The first misunderstanding can be overcome
by explaining that if Va? + b? # a + b. The second misunderstanding was caused by the subject
making an analogy of the product va x v/b with the product of va x va = a, so the subject wrote the
wrong result, namely va x Vb = ab. This misunderstanding can be overcome by giving an
understanding that the product of similar roots produces a root number. Furthermore, if a number
can be determined by its root product, then the result is written in the form of a non-root number.

The fourth implication is that reducing fact errors is done by asking students to understand
questions or material not only based on perception but based on concepts that are already
understood. The results of previous research indicate that errors in facts occur due to a
misunderstanding of the intent of the questions (Setiawan, 2020). The research results also show
that misunderstanding information can lead to wrong strategies used to solve problems. By asking
students to understand the information contained in the problem properly based on the concept
understood and not based on perception alone, it will be able to overcome fact errors when solving
problems.

CONCLUSION

Student errors in determining trigonometric function values at standard positions consist of
conceptual errors, principle errors, calculation errors, and factual errors. This conceptual error
occurs due to an error in understanding the concepts contained in the trigonometry function value
material, namely the definition of trigonometric functions at standard positions and images of right
triangles at standard positions. This principle error occurs because of not paying attention to
quadrants when applying the definition of trigonometric functions in standard positions, wrongly
applying the Pythagorean identity and the Pythagorean theorem. This calculation error occurs due
to a misunderstanding of the results of square roots and multiplication results of radical forms and
lack of accuracy in determining the results of calculations. This factual error occurs because of a
misunderstanding in understanding the meaning of the problem.

This research is limited only to the material values of trigonometry functions in standard
positions, for this reason, the suggestion for further research is to identify errors made by students
and students in trigonometry materials. Because the results of this study will contribute to the
development of students’ misunderstanding theory in understanding trigonometry materials. In
addition, the recommendation to teachers and lecturers is to conduct learning that can reduce
concept errors, principle errors, calculation errors, and factual errors by explicitly explaining the
concepts, principles, and facts contained in the material trigonometric function values in standard
positions and being careful in solving problems. trigonometry. Thus, it is hoped that teachers and
lecturers can reduce student and student errors in learning material trigonometric function values
in standard positions.
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