
ISET (2022) Universitas Negeri Semarang                                                                                                      ISSN  2964-4291          

International Conference on Science, Education and Technology  https://proceeding.unnes.ac.id/index.php/iset 

 

550 

 

How Does The Ability of Pedagogical Content Knowledge 

Preservice Teacher Students in Mathematics Learning? 

Dedi Muhtadi
1,2

, YL Sukestiyarno
3
, Isti Hidayah

4
, Amin Suyitno

5 

1
Universitas Siliwangi, Jl. Siliwangi No.24, Tasikmalaya 46115, Jawa Barat, Indonesia 

1,2,3,4,5
Universitas Negeri Semarang, Jl. Kelud Utara III Semarang 50237, Jawa Tengah, Indonesia  

*Corresponding Author: dedimuhtadi@unsil.ac.id 

Abstract. The purpose of this study was to determine how the ability of Pedagogical Content Knowledge (PCK) of 

prospective teacher students in learning mathematics. The research method uses a qualitative approach with case studies. 

The data analyzed came from three groups of prospective mathematics teacher students with very good, good, and 

sufficient levels through concept understanding tests, vignettes, and interviews. The results showed that students with 

excellent and good academic abilities had relatively the same content, teaching, and student knowledge. Content 

knowledge is at level 1, teaching knowledge is at level 2, and knowledge about students is at level 1. At the same time, 

students with sufficient academic ability are at level 0 for content knowledge. 
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INTRODUCTION 

Teachers play an essential role in the 

development of education and are the spearhead 

of determining the quality of educational 

outcomes because teachers are the most 

influential component in the process and 

outcomes of education (Sunhaji, 2014). In 

addition, teacher competence also plays an 

essential role in achieving student academic 

achievement (Ramdhani et al., 2012). So, a 

teacher's ability will determine student academic 

achievement and future education quality. 

One of the efforts to improve the quality of 

teachers is to improve the quality of prospective 

teacher students. This is to the statement of 

Clarke and Hollingtown (2002) that the 

professional development of teachers begins 

when they are prospective teacher students 

during their education. Universities should 

prepare learning programs for student-teacher 

candidates to become well-qualified educators 

and acquire professional knowledge before 

teaching in the classroom (König et al., 2017; 

2021). 

The professional competencies of teachers 

and prospective mathematics teachers have been 

investigated in detail (TEDS-M study by 

Blömeke et al., 2014; COACTIV study by 

Kunter et al., 2013). Several critical similarities 

in the concept of professional competence 

developed from the COACTIV and TEDS-M 

studies. In particular, the two concepts of 

professional competence assume that 

professional knowledge consists of content 

knowledge, pedagogical content knowledge, and 

pedagogical/psychological knowledge. In 

addition to this cognitive-oriented knowledge 

dimension, both approaches consider 

professional competence to include 

affective/value-oriented aspects. 

A mathematics education study program 

under the auspices of higher educational 

institutions is a study program that is expected to 

produce graduates who are professional 

mathematics teacher candidates. To produce 

professional teacher candidates, students who 

are prospective mathematics teachers are 

required to have good pedagogic skills in 

addition to mastering mathematics. Pedagogic 

knowledge is knowledge about learners, 

learning, assessment, and goals in education. 

While content knowledge is knowledge about 

specific subjects related to the content the 

teacher must teach (König et al., 2017; 2021). 

When the two bits of knowledge are combined 

in the form of teaching, it will produce new 

pedagogical content knowledge (PCK) 

knowledge. 

Shulman first proposed the term PCK in 1986 

in an article entitled "Those Who Understands: 

Knowledge Growth for Teaching," published in 

the journal Educational Researcher. PCK is an 

essential dimension of professional knowledge 

and must be possessed by teachers and 
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prospective teachers (Shulman, 1986; Evens et 

al., 2015). PCK consists of pedagogical and 

material knowledge or can be understood as 

knowledge of the material and how to teach it. 

PCK ability is not a self-taught ability but must 

be trained and developed. Shulman (1987) 

explains that PCK abilities can be developed 

when they become student teacher candidates. 

Develop teacher candidates' pedagogical content 

knowledge as part of their professional ability to 

teach mathematical modeling (Greefrath et al., 

2021). Because teaching is a profession with an 

expertise base, teacher educators play an 

essential role in providing opportunities for 

teachers to develop this knowledge (Phelps et 

al., 2019). 

Improving the quality of education in the 

future is determined by the successful 

preparation of teacher candidates. Therefore, 

students majoring in mathematics education are 

prospective teachers who, from an early age, 

must prepare themselves as professional teacher 

candidates. Teaching mathematics requires a 

variety of knowledge, including knowledge 

specific to the teaching profession. It is essential 

to emphasize professional preparation because 

knowledge of content is a specialized form of 

knowledge(Phelps et al., 2019). This research 

begins by analyzing their PCK, hoping the 

results can be considered to improve the higher 

education curriculum, especially the 

mathematics education department. 

Several opinions present a framework for 

analyzing the characteristics of teachers' PCK 

based on certain levels. For example, Thompson 

(1992) mentions that there are three levels in 

PCK, namely: Level 0, Level 1, and Level 2; 

Lindgren (1996) also mentions that there are 

three levels in PCK, namely: Level 0: Rules and 

Routine (RR), Level 1: Discussion and Game 

(DG), level 2: Open Approach (OA); and 

Karahasan (2010) mention that there are three 

levels of PCK, namely: Level 0 (inadequate), 

Level 1 (good), Level 2 (strong). 

This study uses Karahasan's theory (2010) to 

analyze the characteristics of teachers' PCK, 

combining and refining previous theories, 

namely Thompson's theory and Lindgren's 

theory. Karahasan (2010) explains that there are 

three components at each level: the component 

of teaching knowledge, the component of 

knowledge of content, and the component of 

students. 

In the teaching knowledge component, the 

characteristics are (1) Level 0: as a provider and 

demonstrator of knowledge for students, 

introduces procedures after concepts, dominates 

information, has problems ordering topics and 

questions during learning or in designing 

learning, difficulty controlling the class so that a 

learning environment is created democratic ones; 

(2) Level 1: not only provides sufficient rules 

and procedures but also helps students build 

meaning and understanding, views their role as 

mentors, assessors, and reminders, still dominate 

information, only has problems with the order of 

questions during learning or in designing 

lessons, occasionally controlling the class to 

create a democratic learning environment, and 

(3) Level 2: facilitating and guiding students 

rather than providing answers and explanations, 

For the content knowledge component, the 

characteristics are (1) Level 0: unable to state the 

definition correctly, unable to use notation 

correctly, only using declarative or procedural 

questions, unable to interpret and use different 

representations easily, difficulty seeing 

connections between different topics/subunits; 

(2) Level 1: stating the definition correctly, 

using appropriate notation, still using declarative 

or procedural questions, interpreting and using 

graphical and non-graphical representations, 

seeing connections between different 

topics/subunits; and (3) Level 2: stating the 

definition correctly, using appropriate notation, 

using all types of questions (declarative, 

procedural, and conditional) in the correct 

position. 

As for the knowledge component about 

students, the characteristics are described as 

follows: (1) Level 0: has difficulty diagnosing 

student errors, views responding to student 

misconceptions as an opportunity to tell students 

actual rules or procedures, has difficulty in 

realizing students' needs in understanding; (2) 

Level 1: diagnosing some student errors 

although if they show them, they focus on the 

surface of the error only, solve numerical 

examples of similar, practical problems, and 

appreciate the importance of discussion, from 

time to time aware of students' needs in 

understanding; and (3) Level 2: quickly diagnose 

student errors and point out student difficulties, 

guide and facilitate students rather than 

providing answers and explanations, aware of 

students' needs in understanding. Therefore, it 

becomes easy to create a good learning 

environment. 

Based on what has been described, this 

research describes the Pedagogical Content 
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Knowledge (PCK) ability of prospective teacher 

students in learning mathematics with quadratic 

equations material. 

METHODS 

The characteristics of PCK as tacit 

knowledge require student teacher candidates to 

have deep insight into what is on their minds in 

learning mathematics, so this research was 

conducted through a qualitative approach with 

case studies. This is so that an overview of how 

the PCK abilities of prospective mathematics 

teacher students can be obtained in more detail. 

The research subjects came from three groups of 

prospective mathematics teacher students, 6th 

semester who were ready to practice teaching in 

schools, from a university in Tasikmalaya, West 

Java, Indonesia, based on their academic 

abilities with very good, suitable, and sufficient 

levels. 

Because PCK is a personal construct, the 

paradigm of interpretivism is guided by data 

collection and analysis of findings. The subjects 

in this study were deliberately identified, and 

each student-teacher was treated as a case study 

to ensure the transferability of the findings. Data 

collection is carried out through (1) Subject 

Worksheets in the form of (a) knowledge survey 

of quadratic equations, (b) concept maps and 

essays from concept maps, and (c) a vignette, a 

scenario (fictional material), which contains 

stories/cases/conversations that occurred in the 

classroom written on sheets of paper as a basis 

for assessment (Huebner, 1991; Poulou, 2001; 

Angelides & Gibbs, 2006); and (2) interviews. 

RESULTS AND DISCUSSION 

Student Prospective Mathematics Teacher 1 

(SPMT1) 

Content knowledge of prospective teacher 

students with excellent academic ability is at 

level 1, and some are at level 2 and level 0. This 

means that this excellent academic ability does 

not guarantee that one's content knowledge is at 

the highest level. According to Talbert-Johnson 

(2006), content knowledge is not the only 

measure to justify a highly qualified teacher. 

Major & Palmer (2006) assert that teachers learn 

through learning by doing and reflecting, 

collaborating with other teachers, observing 

student teacher candidates and their work, and 

sharing what they see. 

The characteristics of content knowledge at 

level 1 are: stating the definition correctly, using 

notation correctly, using declarative or 

procedural questions, interpreting and using 

graphical and non-graphical representations, and 

seeing connections between different 

topics/subunits (Karahasan, 2010). This can be 

seen from the results of interviews with students 

with excellent academic abilities as follows: 

 

R : What is the relationship between 

quadratic equations and quadratic 

functions? 

SPMT1 : Quadratic equations and quadratic 

inequalities are two related 

materials. Quadratic inequalities are 

an extension of quadratic equations. 

In solving quadratic inequalities 

apply the principle of quadratic 

equations. 

R : What is the relationship between the 

quadratic equation and the function 

square? 

SPMT1 : The quadratic equation is part of the 

quadratic function. 

R : What is the general form of a 

quadratic equation? 

SPMT1 : (write the general form of the 

quadratic equation, y = ax2 + bx + 

c) 

R : What is the general form of a 

quadratic function? 

SPMT1 : f(x) = ax2 + bx + c 

R : Then what is the difference? Doesn't 

y represent f(x)? So if the general 

form of a quadratic equation should 

be ax2 + bx + c = 0, that is, from the 

quadratic function f(x) = y = 0. 

 

From the interview excerpt, it can be seen 

that the subject is still confused about 

distinguishing quadratic equations from 

quadratic functions. So it can be concluded that 

the subject content knowledge is at level 0. 

The teaching knowledge of prospective 

teacher students in this group is at level 2 based 

on vignette analysis. The characteristics of 

teaching knowledge at level 2 are facilitating and 

guiding students in providing answers and 

explanations, assessing students' understanding, 

extending that understanding with further 

mathematical knowledge questions, assessing 

student-student interactions, appreciating and 

encouraging students to construct mathematical 

knowledge through inquiry, sequencing topics, 

and questions in the right way, and control the 

class to create a democratic learning 

environment (Karahasan, 2010). 
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Knowledge Content Teaching (KCT) is the 

fourth domain of mathematical knowledge for 

teaching. This domain combines knowledge of 

teaching and mathematics. Ball et al. (2008) 

further explain that the order in which content is 

taught and decides whether content 

representation is valid are all parts of this 

domain. 

As for knowledge about students, it turns out 

that most of them are still at level 1. Many cases 

requiring the subject to fix students' 

misconceptions have not been responded to 

perfectly; however, the subject has tried with the 

experience and knowledge obtained. 

Characteristics of knowledge about students are 

at level 1, namely diagnosing some students' 

mistakes even if they show these errors, they 

focus on the surface of the error only, solve 

numerical examples of similar, practical 

problems, and appreciate the importance of 

discussion, from time to time realize the need 

students in understanding (Karahasan, 2010). 

The subject of SPMT1 argues that algebra 

can be derived into equations, where equations 

are divided into several types according to the 

highest power of the variable, for example, 

linear equations (to the power of one), quadratic 

equations (to the power of two), and equations to 

the third power. However, in this concept map, 

the focus is on linear equations and quadratic 

equations. The following are excerpts of 

interviews with subjects that corroborate the 

above. 

 

R : What would you teach first among 

the keywords given if you became a 

math teacher? 

SPMT1 : Sir, does the term have to be on the 

list? 

R : It can be added if needed. What do 

you have added? 

SPMT1 : If mine starts with algebra, sir, in the 

algebra later, there will be an 

equation that must contain, uh, not 

for sure but usually 

loads variables and constants like 

that, sir. After that, the equation is 

divided into several terms according 

to the power of the variable. 

R : What do you think about algebra? 

SPMT1 : Algebra must give rise to the 

unknown. 

R : What do you mean? 

SPMT1 : This means that everything is made 

of symbols or symbols. 

R : For example, what is the symbol? 

SPMT1 : For example, x, y, and so on. 

R : What are the symbols called in 

mathematics? 

SPMT1 : Variable, sir. 

Student Prospective Mathematics Teacher 2 

(SPMT2)  

As for the subject of student-teacher 

candidates with good academic abilities, 

knowledge of the content is the same as that of 

prospective teacher students with excellent 

abilities, which is at level 1. For example, in 

problem three, the subject still cannot find the 

difference between equations and quadratic 

functions correctly; the subject mentions that a 

quadratic function is a quadratic equation in the 

form of a function. Of course, this requires 

further clarification. The following is an excerpt 

from an interview with SPMT2. 

 

R : What is the relationship between 

quadratic equations and quadratic 

functions? 

SPMT2 : When viewed from the definition of a 

quadratic function, a quadratic 

function is a function whose highest 

variable power is 2. It contains an 

equation with a quadratic equation, 

both of which have the same degree 

of two, only that the quadratic 

function is a quadratic equation in 

the form of a function. 

R : The two are constants but look at 

their position to tell the difference. 

Okay, next, What does the quadratic 

equation do with quadratic functions? 

SPMT2 : A quadratic function is a quadratic 

equation in the form of a function. 

R : If so, you still do not see the 

difference. Try more 

what is next? Can the quadratic 

function be graphed? 

SPMT2 : Can. 

R : Okay for example f(x) = x2, what 

kind of picture? 

SPMT2 : This is possible, sir (shows a straight 

graph drawing sketch) 

R : Is the picture a straight line? Please 

check again! A straight-line graph is 

a linear equation. How about? 

SPMT2 : Oh yes, like an arch, sir. 

R : What exactly is it like? 

SPMT2 : Parabola sir. 

 



Dedi Muhtadi, et. al. / International Conference on Science, Education and Technology 2022: 550-556 

 

554  

From the interview excerpts, it can be seen 

that, at first, the subject was still confused about 

the difference between equations and quadratic 

functions, and even the subject was still wrong 

in interpreting the graph of the quadratic 

function (considered as a straight line). 

However, after being guided by several 

questions, the subject finally realized that the 

quadratic function of the graph was a parabola. 

From this description, it can be concluded that 

the knowledge of subject content in problem 3 is 

at level 1. 

This confirms that academic ability is not the 

main thing in developing content knowledge, but 

there are other factors such as experience and 

training. This follows Martin's (2008) opinion 

that a degree in the field of study helps 

prospective teachers in the classroom. This study 

shows that content knowledge of one major is 

not the only thing needed to teach students. 

As for the teaching knowledge in this group, 

it is at level 2 as the group of prospective teacher 

students with excellent academic abilities. 

Experience is another way to accumulate 

pedagogical knowledge. A qualitative study by 

Gatbonton (2008) stated that the pedagogical 

knowledge of novice teachers (teachers with less 

than two years of experience) and experienced 

teachers of pedagogical knowledge was the 

same. However, the experienced teacher group 

seemed to have more detailed pedagogical 

knowledge, especially in acknowledging 

attitudes. And student behavior. This study 

shows that college programs are very helpful in 

developing teachers' pedagogical knowledge, but 

the previous experience of these teachers will 

help build knowledge to be more specific and 

valuable (Gatbonton, 2008). 

Meanwhile, knowledge about students is also 

dominant at level 1. It shows that between 

groups of student-teacher candidates with 

excellent and good academic abilities, there is no 

significant difference in knowledge of 

pedagogical content. The following are the 

results of interviews with MCGM 2 related to 

teaching knowledge and student knowledge: 

 

R : What would you teach first among 

the keywords given if you became a 

math teacher? 

SPMT2 : I think it is a linear equation because 

there are terms, constants, and 

variables in a linear equation. After 

that, we take it to quadratic 

equations and inequalities, then to 

discriminants. From the discriminant 

later, the term value D = 0 means 

that the line intersects or touches 

only after the graphic image. 

 

Student Prospective Mathematics Teacher 3 

(SPMT3) 

As for the subject of student-teacher 

candidates with sufficient academic ability, it 

was found that the content knowledge of 

prospective teacher students who became the 

subject was mostly at level 0, although some 

were categorized as level 1 and 2. 

Characteristics of knowledge at level 0 were: 

unable to state the definition correctly, using 

proper notation, only using declarative or 

procedural questions, unable to interpret and use 

different representations easily, and difficulty 

seeing connections between different 

topics/subunits (Karahasan, 2010). Following is 

an interview to explore content knowledge with 

SPMT 3. 

 

R : What do you think is a quadratic 

equation? 

SPMT3 : A quadratic equation is an equation 

of the form 

f(x) = ax2 + bx + c, where the 

largest exponent is two and a 0. If the 

largest exponent is one, it is not a 

quadratic but an ordinary equation. 

R : What would you teach first among 

the keywords given if you became a 

math teacher? 

SPMT3 : I think it is a linear equation because 

quadratic equations' big theme in the 

concept map. In linear equations, 

there are variables and constants. In 

comparison, quadratic equations are 

similar to linear equations. 

R : What is similar? 

SPMT3 : Both have variables, and there is a 

"=" relation. 

R : So what distinguishes the two? 

SPMT3 : The highest rank, sir, the quadratic 

equation of the highest power is 2, 

while the highest power linear 

equation is one. 

R : Okay, now what is the relationship 

between quadratic equations and 

functions 

square? 

SPMT3 : The form, sir, means that the 

quadratic function has the form f(x) = 
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ax2 + bx + c, while the quadratic 

equation ax2 + bx + c = 0. 

R : So, what is the conclusion? 

SPMT3 : Quadratic equation is a quadratic 

function with a value of f(x) = 0 

 

As for teaching knowledge, the subject is at 

level 1. From the cases given, many of the 

responses were not as expected. This follows the 

general characteristics of Karahasan (2010), 

which states that the subject does not only 

provide good rules and procedures at this level. 

However, it also helps students build meaning 

and understanding, sees their role as guides, 

assessors, and reminders still dominate 

information, and have problems with the order 

of questions during learning or in designing 

learning, occasionally controlling the class to 

create a democratic learning environment. 

Likewise, for students' knowledge, the 

subject is at level 1. Hill (2007) said this 

category includes predicting errors and 

questions. Ball et al. (2008) provide several 

examples from this domain, including choosing 

to motivate and compelling examples for 

students, anticipating students will think about 

what assignments are given and how they will 

handle them, and predicting what students think 

and think. Students think confusingly about a 

particular topic. 

CONCLUSION 

The results of this study can be concluded as 

follows: (1) The group of student-teacher 

candidates with excellent academic ability and 

the group of student-teacher candidates with 

good academic ability have content knowledge, 

teaching knowledge, and student knowledge that 

is relatively the same. Content knowledge is 

mostly at level 1, teaching knowledge is at level 

2, and student knowledge is at level 1; (2) In the 

group of prospective teacher students with 

sufficient academic ability, it can be concluded 

that content knowledge is at level 0, teaching 

knowledge is at level 1, and student knowledge 

is at level 1; And (3) a person's knowledge of 

pedagogical content is not only influenced by his 

academic ability. 
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