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Abstract 

This study seeks to characterize the Technological Pedagogical Content Knowledge of novice 

lower secondary mathematics teachers who do and do not possess an educator certificate 

based on the components of Technological Knowledge (TK), Pedagogical Knowledge (PK), 

Content Knowledge (CK), Technological Content Knowledge (TCK), Pedagogical Content 

Knowledge (PCK), Technological Pedagogical Knowledge (TPK), and Technological 

Pedagogical Content Knowledge (TPACK). This research employed a case study approach 

conducted in two secondary schools in Merauke Regency. Two secondary mathematics 

teachers with a bachelor's degree in mathematics education and five years of teaching 

experience were recruited as participants. We collected data from learning classroom 

observation guidelines, learning-practice interviews, and task-based interviews. Findings 

show that certified teachers can implement learning according to the lesson plans that have 

been designed and can teach and answer questions about the assigned material effectively. 

Meanwhile, the uncertified teacher performs excellently using technology, such as proficiency 

with WhatsApp, Zoom, Microsoft OneNote, Microsoft PowerPoint, learning videos, and 

projectors. In contrast, regarding pedagogical and material abilities, the non-certified teachers 

have yet to be able to apply lesson plans to learning and continue to struggle to answer some 

predetermined questions. 
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Introduction 

Technological Pedagogical Content Knowledge (TPACK) plays a crucial role as a teacher 

framework in preparing the teaching and learning process (Angeli & Valanides, 2009; Koh & 

Chai, 2016; Rakes et al., 2022). In addition, this framework provides an overview of the 

knowledge teachers need concerning teaching subject matter, teaching methods, and learning 

technologies, including how these three components can be integrated into teaching and 

learning activities (Graham, 2011; Lyublinskaya & Kaplon-Schilis, 2022). Mishra and 

Koehler (2006) proposed that TPACK consists of three primary knowledge sources: 

technology knowledge (TK—teachers' knowledge of technology tools), pedagogical 

knowledge (PK—teachers' knowledge of instructional pedagogies), and content knowledge 

(CK—teachers' knowledge of subject matter). These three knowledge sources are depicted as 

overlapping circles that generate intermediary types of knowledge in their overlap zones. 

Technological pedagogical knowledge (TPK) is teachers' knowledge of utilizing technology 

tools to support their pedagogical techniques. Meanwhile, technological content knowledge 

(TCK) is teachers' knowledge of using technology tools to support content representation. 

TPACK indicates the overlap between TK, PK, and CK, as well as between TPK, TCK, and 

PCK. It manifests itself in the form of technology-integrated classes created by teachers. 
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Niess (2013) proposed the TPACK framework for mathematics teachers at the proficiency 

level. Within this framework, it has been claimed that teachers progress through the five 

stages of TPACK: Stage 1 (Recognition), where teachers are able to use the technology and 

recognize the technology's alignment with the mathematics content, but not the technology in 

the integrated teaching and learning of mathematics; Stage 2 (Accepting), where teachers 

develop a positive or negative attitude towards instruction with an appropriate technology; 

Stage 3 (Adaptation), where teachers make decisions about whether to adopt or reject 

technologies for teaching and learning; Stage 4 (Explore), where teachers integrate 

appropriate technology for teaching and learning mathematics; Stage 5 (Advancing), where 

teachers evaluate the results of incorporating right technology for teaching and learning 

mathematics. Therefore, mathematics teachers proficient in TPACK can be identified by their 

ability to integrate technology into their mathematics teaching practice.  

Furthermore, Grandgenett, as cited in  (Stoilescu, 2015), examined that mathematics 

teachers with excellent TPACK exhibit six characteristics: 1) openness to experimentation 

with ICT tools and willingness to experiment with them in new lessons; 2) focus and 

avoidance of distractions during mathematics teaching concepts through technology; 3) 

providing sound pedagogical strategies through understanding where students are academic, 

what students need to know and how the lesson should be taught; 4) supporting students to 

understand the importance of technology; 5) use of technology for instruction, assessment, 

and classroom management; and 6) be comfortable and optimistic about technological 

advances. 

In decades, numerous studies have investigated how to assess pre-service and in-service 

teachers' TPACK (Kim, 2018; Koh, 2019; Mailizar & Fan, 2020; P. G. Smith & Zelkowski, 

2022; Zelkowski et al., 2013). The qualitative and quantitative reviews of the TPACK 

literature (Chai et al., 2016) showed that most previous research evaluating TPACK relied on 

self-assessment surveys (Abbitt, 2011a; Chai et al., 2013; Handal et al., 2013; Schmidt et al., 

2009; Zelkowski et al., 2013), in which different knowledge domains were assessed 

separately. Although self-assessment tools are easy to use, inexpensive, and can reach many 

participants, their accuracy in measuring teachers' actual TPACK is limited by respondents' 

ability to assess their knowledge (Abbitt, 2011b; Kim, 2018). Typically, these surveys assess 

teachers' views rather than their practical knowledge, which is a construct in its own right 

(Abbitt, 2011b). To accurately assess TPACK, teachers must show what they can achieve to 

improve teaching and learning with technology in their subject areas (Voogt et al., 2013). 

TPACK's robust assessment is based on observed activities such as virtual classroom and 

micro-lessons (Oner, 2020), instruction artifacts including lesson plans, student handouts, and 

lesson portfolios (Akyuz, 2018; Harris et al., 2010; Lyublinskaya & Kaplon-Schilis, 2022; 

Lyublinskaya & Tournaki, 2011), and knowledge assessments (Lachner et al., 2021)  and 

perhaps be more objective than the self-report.  

Several scholars have examined mathematics teachers’ TPACK using teaching 

observation (Njiku, 2023; Patahuddin et al., 2016; Rakes et al., 2022). For instance, Rakes et 

al. (2022) utilized two validated instruments, namely TPACK levels and the MCOP
2
, in 

examining teacher candidates' growth in TPACK and effective mathematics teaching 

practices and the correlation between TPACK and effective mathematics teaching practices. 

Furthermore,  Patahuddin and her colleagues (Patahuddin et al., 2016) employed video 
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recording of teachers’ practice to investigate a series of essential instructional events using 

TPACK to understand better the knowledge required by teachers to promote students' 

learning in technology-rich classrooms since videos have the potential to capture the 

complexity of the learning process. Another study (Njiku, 2023) developed, validated, and 

presented an observation rubric for assessing mathematics teachers’ TPACK and assessed 

mathematics teachers’ TPACK using the developed observation rubric. This study implied 

that the rubric presented may be used to assess teachers' TPACK but may still need to be 

more specific depending on the context, such as the teaching subject or topic and the access 

and kind of technology teachers have. In addition, this study suggested that professional 

development activities differ in effectiveness and may depend on teachers' level of 

engagement in the learning process.  

Therefore, this study examines teachers' TPACK utilizing task-based interviews, 

knowledge tests, and teaching observations to obtain more accurate teacher knowledge in 

incorporating technology. This current study examines teacher TPACK on set concept since 

it can be a prerequisite to other materials such as function and combinatorics. Moreover, the 

set material must be possessed by students to gain conceptual understanding in solving 

contextual problems pertaining to set concepts. 

In the context of lower secondary mathematics teachers in Merauke Regency, the previous 

study uncovered that novice teachers tend to have insufficient pedagogical knowledge since 

they use monotonous learning strategies, pose problems repeatedly, do not use students' talent 

to create rich and meaningful learning and do so without being given any descriptions that 

should be explained differently (Nur'aini & Pagiling, 2020). Novice mathematics teachers 

who master TPACK will make learning plans and implement more fruitful approaches for 

students. Kartowagiran (2011) asserted that a novice teacher is new to teaching practices, has 

less than five years of classroom teaching experience, and can face professional challenges 

when teaching in schools. One of them is to support the professionalism of teachers to form 

quality teachers by obtaining teacher certification. Teacher certification is an educational 

certificate given to teachers who can provide value competence and teacher qualifications in 

teaching. 

Therefore, this study is essential to be conducted since, in Merauke Regency, as part of 

eastern Indonesia, there is no study on TPACK on mathematics teachers. Moreover, this 

study can provide a valuable lens on how teachers apply content and pedagogical knowledge 

in learning and the importance of integrating technology in classroom practice. In doing so, 

we proposed research questions: How are novice mathematics teachers’ Technological 

Pedagogical Content Knowledge (TPCK) capabilities? 

 

Methods 

This current study employed a case study to examine lower secondary mathematics 

teachers' technological pedagogical content knowledge. We used a case study to accurately 

identify, describe, and investigate individual secondary mathematics teachers' TPACK 

components (CK, PCK, TCK, and TPACK). Yin (2018) defined a case study as "an empirical 

inquiry that investigates a contemporary phenomenon within its real-life context; when the 

boundaries between phenomenon and context are not evident; and in which multiple sources 
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of evidence are used. The participants of this study included two lower secondary 

mathematics teachers who teach set topics. We administrated these criteria to select research 

participants: 1) graduated from the Mathematics Education Department, 2) taught in different 

schools, 3) obtained an educator certificate or not, and 4) the teaching experience of both 

teachers is between 1-5 years.  

The research instrument in this study was the researchers as a critical instrument, assisted 

with learning practice observation guidelines, learning practice interviews, and task-based 

interviews on set material. All supporting instruments have been checked for content validity 

by two mathematics education lecturers. 

The observation of classroom practices aims to directly verify the ability of the TPACK 

teacher to teach set material in the face-to-face class or online class as well as the teacher's 

strategy in teaching in the form of video recordings to strengthen the data's validity. This 

observation rubric was developed based on indicators of mathematics knowledge, as depicted 

in Table 1. Moreover, we interviewed teachers after teaching observation to ask the teacher 

for confirmation regarding the data the researchers could not find during the learning 

observation. Meanwhile, we utilized task-based interviews aimed at determining the teacher's 

proficiency in the set material that has been taught. In this interview, the participants were 

asked to answer several questions, provide reasons, and work on several questions directly on 

the paper the researcher had provided. In comparison, the task-based interview aims to dig 

deeper into the teacher's content knowledge of the set material after observing classroom 

practices.  

To ensure the credibility of the data, the researchers conducted member checks and 

extended observations. Furthermore, data analysis activities include reducing learning 

observational data and task-based interviews, data presentation, checking data validity, and 

drawing conclusions. 

In the initial phase, we analyzed teachers’ practising on set concepts and interviewed them to 

examine the consistency. Once the consistency of the data was established, we coded 

teachers’ knowledge and transcripts referring to the indicators of mathematics teachers’ 

knowledge in Table 1. This data coding phase constituted a pivotal component of data 

condensation. In displaying the data, we employed the method of describing variability with a 

conceptually clustered matrix (Miles et al., 2014). In this case, each participant’s condensed 

teaching practice and interview were placed in the table so that the fulfilment of the 

indicators of teacher knowledge could be easily identified. Based on the matrix, conclusions 

regarding each teacher’s profile of TPACK were drawn and verified. Investigator 

triangulation was carried out to verify the conclusions (Rothbaeur, 2008). All authors actively 

participated in both data collection and the verification process, ensuring the attainment of a 

consensus on the conclusions. 

Table 1 

Indicators of Mathematics Teacher Knowledge 

Teacher Knowledge Indicator Description 

Technological 

Knowledge (TK) 

1. The teacher has knowledge related to technology and can teach students to use 

technology in the form of Google Classroom, zoom, and email. 

2. The teacher can operate and utilize technology. 
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Teacher Knowledge Indicator Description 

3. The teacher can integrate the use of technology for student learning. 

4. The teacher can download and install various software developments. 

Pedagogical 

Knowledge (PK) 

1. The teacher submits the learning objectives that must be achieved at the 

beginning of learning. 

2. The teacher employs mathematics learning strategies such as inquiry and 

problem-solving in delivering set content adapted to conditions (online/offline). 

3. The teacher can determine the learning method according to students' 

characteristics and feedback. 

4. The teacher carries out learning activities according to the lesson plan that has 

been designed. 

Content Knowledge 

(CK) 

1. The teacher understands the prerequisite material to be able to study set material. 

2. The teacher can explain the concept of the material sufficiently. 

3. The teacher has in-depth knowledge of the taught learning materials. 

4. The teacher presents the content in detail and systematically. 

5. The teacher summarizes the lessons learned in each meeting. 

6. The teacher assigns a formative test at the end of the sub-material. 

7. The teacher provides opportunities for students to build their understanding of the 

set material and present Venn diagrams to draw a set or several interconnected 

sets to facilitate students' understanding of the set. 

8. The teacher makes sets of questions related to contextual problems. 

Technological 

Content Knowledge 

(TCK) 

1. The teacher uses the right technology, for example, software, PowerPoint, and 

Zoom, in teaching set material that is adapted to conditions (online/offline) 

2. The teacher uses video technology to demonstrate specific concepts according to 

the set material. 

3. The teacher uses technology to sort set material, deliver class/online material, and 

make teaching materials accessible to students. 

Pedagogical 

Content Knowledge 

(PCK) 

1. The teacher scaffolds students in the relationship between the concepts of the set 

material being taught and when students have difficulty answering the questions. 

2. The teacher becomes an interactive and fun online/classroom group learning 

facilitator. 

3. The teacher overcomes students' misconceptions regarding the set material. 

4. The teacher develops materials that are tailored to students' abilities. 

5. The teacher provides practice questions according to students' abilities 

6. The teacher implements learning strategies that are tailored to the level of depth 

and difficulty of the set material 

Technological 

Pedagogical 

Knowledge (TPK) 

1. The teacher utilizes technology in managing classes both online / in class. 

2. The teacher actively involves students in using technology in learning. 

Technological 

Pedagogical 

Content Knowledge 

(TPACK) 

1. The teacher utilizes technology in learning assessment. 

2. The teacher uses technology effectively to make online collections more 

interesting. 

3. The teacher accommodates students' assignments using technology. 

Adapted from Smith & Zelkowski (2022) and Handal et al.  (2013) 
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Results and Discussions 

This part displays each participant's work on the task-based interview, learning practice 

interview, and classroom observation, indicating their technological knowledge, pedagogical 

knowledge, content knowledge, technological content knowledge, technological pedagogical 

knowledge, pedagogical content knowledge, and technological pedagogical content 

knowledge. We then interpret the data to formulate the present study's findings, as 

summarized in Table 1. 

 

Technological Knowledge 

Teachers' knowledge and skills in properly utilizing a particular technology can be 

displayed in Table 2.  

 

Table 2 

Teachers' Technological Knowledge 

Novice Teacher Technological knowledge 

The uncertified teacher She utilizes projectors and laptops and delivers set material using PowerPoint or 

Microsoft OneNote in face-to-face and virtual learning (TK 1 and TK 2). 

She asks her students to submit assignments using technology such as email, 

Google Forms, and Google Classroom (TK 3). 

The certified teacher She employs effective technology for online learning; however, in offline mode, 

she needs more classroom resources (TK 1 and TK 2).  

She asks her students to submit assignments using technology such as email, 

Google Forms, and Google Classroom (TK 3). 

 

Table 2 indicates that both teachers could utilize technology in virtual learning. These 

include knowledge and skill regarding operating technology, integrating technology in 

learning, participating in learning development software training and downloading and 

installing programs/applications. The uncertified teacher demonstrated sound technological 

knowledge in online and offline learning. The certified teacher used printed books and 

whiteboards in offline learning mode because of the school's limited learning facilities. These 

results corroborate prior studies (Kim, 2018; Mailizar & Fan, 2020; Patahuddin et al., 2016). 

For instance, Mailizar and his colleague note that the participants’ knowledge of 

computers/laptops was higher than their knowledge of tablets/handheld devices, which is 

higher than their knowledge about graphing calculators. It is not surprising that teachers 

perceived their knowledge of computers/laptops to be high due to the fact that they need to 

use this tool in daily life. 

 

Pedagogical Knowledge 

In this section, we present teachers’ knowledge about the process and practices of teaching 

set material.  
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Table 3 

Teachers' Pedagogical Knowledge 

Novice Teacher Pedagogical knowledge 

The uncertified teacher She conveys learning objectives and can use learning methods adapted to 

student characteristics (observation results). 

She employs contextual learning depending on the material's difficulty level and 

can be linked to actual objects around students. 

The certified teacher She conveys learning objectives and can use learning methods adapted to 

student characteristics (observation results). 

She utilizes more contextual learning strategies because they can be connected 

with real objects around students and provides many examples of questions and 

explanations that are as simple as possible so students can better understand. 

 

Table 3 depicts that both uncertified and certified teachers conveyed learning objectives 

and strategies and carried out learning activities according to lesson plans. For learning 

methods, the uncertified teacher employed conventional and question-and-answer methods, 

while the certified teacher used discussion, expository, and question-and-answer methods in 

delivering set content. The uncertified teacher explained the definition and symbols of the set, 

the element and non-element of the set, empty and zero sets, and their notations. She 

understood the universal set, mentioned its element, and was able to identify the properties of 

set operations (PK1) using contextual learning strategies, conventional methods, and 

question-and-answer methods during the learning process according to the lesson plan that 

has been designed (PK2, PK3, and PK4).  

From the interview, we obtained that the uncertified teacher used contextual learning 

strategies depending on the material's difficulty level and could be related to objects around 

students. From the results of the exposure related to observations and interviews of learning 

practices, it can be concluded that both teachers have excellent pedagogical approaches in 

conveying learning objectives and strategies (PK1 and PK2), as well as carrying out learning 

activities according to the lesson plan (PK4), only for the learning method that is applied one 

of them still using the conventional method (PK3). These findings resonate with previous 

studies (Helliwell & Ng, 2022; Leong et al., 2015; Nur’aini & Pagiling, 2020). 

 

Content Knowledge 

We display teacher knowledge of a set content to be taught, which demands understanding 

core principles, facts, theories, procedures, and set concepts from classroom practices and 

task-based interviews in Table 4 and Table 5, respectively. 

 

Table 4  

Teachers' Content Knowledge 

Novice Teacher Content knowledge 

The uncertified teacher Both teachers explain prerequisite knowledge, such as integers, algebraic forms, 

and linear equations with a single variable. Subsequently, they can define set 
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Novice Teacher Content knowledge 

The certified teacher concepts well and systematically, have in-depth knowledge of sets, provide 

opportunities for students to build their understanding, present Diagram Venn to 

describe relationships between sets to help students understand, and relate the 

questions to contextual problems. 

 

Table 4 depicts that both teachers could distinguish examples included in the set and those 

not and could conclude the definition of the set. Moreover, they could distinguish and explain 

ways of expressing sets, including tabulation, conditional, and description methods. They 

explained each set, which is a subset of itself, and the things that must be considered in 

describing the Venn diagram.  

In the third problem, the teachers could also work on and explain word problems or those 

related to contextual problems. Both uncertified and certified teachers delivered prerequisite 

material, explained the set material in detail and systematically, gave formative tests to 

students, and answered task-based interviews from the seven question indicators that the 

researcher assigned. In the material's concluding section, uncertified and certified teachers 

did not engage students because of time constraints. For design tasks, the uncertified teacher 

faced difficulty making minimum competency assessments and higher-order thinking 

problems and had yet to teach students about the properties of sets, commutative, associative, 

and distributive. In contrast, the certified teacher had no difficulties because she associated 

tasks with contextual problems. These findings align with prior studies (Budiarto et al., 2021; 

Carrillo-Yañez et al., 2018; Pagiling & Nur’aini, 2022). 

 

Table 5  

Content Knowledge of Teachers in Solving Set Problems 

The uncertified teacher The certified teacher 

Definition of sets and members of the set 

Both teachers are able to understand and solve the set problems well. Moreover, they are able to distinguish 

examples that are and are not included in the set and are able to conclude the definition/understanding of the 

set. 

 

Declaration of sets 

In the second and fourth questions, she was able to 

distinguish and understand the ways of declaring a set, 

including mentioning its elements, stating its 

properties, and notating the set. For the third question, 

S1 was able to define prime numbers set correctly. 

In the first, third, and fourth questions, the teacher 

can understand, distinguish, and explain ways of 

expressing sets, including tabulation, conditional, 

and description methods. For the second question, 

she can define prime numbers set accurately. 

 

Finite and Infinite Sets 

She still needed to improve in answering questions 

related to the set of mathematics teachers in Merauke 

in the first question. She answered correctly after the 

researchers discussed the scope of finite and infinite 

sets. She can understand, answer, and conclude 

correctly for the third and fourth questions regarding 

whole numbers, definitions of finite and infinite sets, 

and the union of two sets. 

In the first question, she explained a finite set, 

referring to the set of mathematics teachers in 

Merauke. She can understand, answer, and conclude 

correctly for the second, third, and fourth questions 

regarding whole numbers, definitions of finite and 

infinite sets, and the union of two sets. 
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The uncertified teacher The certified teacher 

 

Subsets, Venn diagrams, and empty sets 

In the first and second questions, both teachers can explain each set, which is a subset of itself, and the things 

that need to be considered in describing the Venn diagram. In the third problem, they can also solve and 

explain word problems or those related to contextual problems well. In response to the fourth question, she 

explained how empty sets can be included in subsets, but she could not provide a detailed explanation. 

 

The intersection and union of the set 

Both teachers can accurately solve and explain the intersection and union of set problems in the first and 

second questions. 

 

Complement and difference of sets 

In the first question, both teachers answered the complement problem and explained the difference between 

complement and difference given in the second question. 

 

Properties of sets 

Both teachers are able to explain the properties of the set by giving each example problem. 

 

Technological Content Knowledge (TCK) 

In this section, we describe teachers' knowledge of which technology and content interact 

in effective teaching, including teachers’ understanding of how technology can change set 

content. 

 

Table 6  

Teachers' Technological Content Knowledge 

Novice Teacher Technological content knowledge 

The uncertified teacher The teacher utilizes the appropriate technology, such as PowerPoint, a projector, 

a laptop, a whiteboard, and printed books. 

 

The certified teacher She uses Zoom, classroom, and Google Forms during online learning and does 

not use technology during offline learning due to limited facilities; consequently, 

she only uses whiteboards and printed books to deliver the material. 

 

Table 6 illustrates that teachers who have yet to be certified could use technology as a 

teaching tool in the learning process. Meanwhile, certified teachers could use technology in 

the online learning process. She only employed printed books and blackboards for offline 

learning because the school provides no power outlets or projectors. Meanwhile, for teaching 

materials in e-modules, both certified and certified teachers still need to implement them and 

only use printed modules distributed directly to students. 

Interestingly, based on the observations and interviews, TCK's abilities show that an 

uncertified teacher can utilize the appropriate technology such as PowerPoint, projector, 

laptop, whiteboard, and printed books during offline settings and Zoom and OneNote during 

online learning. In contrast, certified teachers use Zoom, Google Classroom, and Google 

Forms during online learning and do not use technology during offline learning due to limited 

facilities in power sockets and projectors. Hence, she only used whiteboards and printed 

books to convey the material. For learning videos, the uncertified teacher produces learning 
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videos and uploads them on the school's YouTube account so that the videos are relevant for 

students to watch when studying the set material. In contrast, the certified teacher usually 

enquires students to watch videos on YouTube and sometimes sends links to learning videos 

uploaded to personal YouTube accounts and video links distributed to WhatsApp groups. 

Then, for teaching materials, the uncertified teacher does not use e-modules but only regular 

modules or printed books, which are distributed directly to students. Thus, we can infer that 

the uncertified teacher’s ability outperforms the certified teacher in terms of technological 

pedagogical knowledge. 

 

Pedagogical Content Knowledge (PCK) 

We display teacher knowledge of how particular pedagogical approaches are appropriated 

to teaching set content in Table 7. 

 

Table 7  

Teachers' Pedagogical Content Knowledge 

Novice Teacher Pedagogical content knowledge 

The uncertified teacher Both teachers provide gradual assistance to students with problems mastering 

the assigned content, acting as interactive and entertaining online and offline 

learning facilitators. Then, both teachers can overcome common student 

misconceptions by using more explicit language to address misunderstandings, 

providing emphasis, instructions, and practice problems. 

The certified teacher 

 

Table 7 shows a teacher who has not been certified and who is certified scaffolded 

students in the relationship between the concepts of the set material when students had 

difficulty answering the questions given, were able to become interactive and fun facilitators, 

overcame student misconceptions as well as developed material and provide practice 

questions according to students' abilities. To apply learning strategies adapted to the level of 

depth of material, the uncertified teachers employed contextual techniques for all subsections 

of the set material. It is an essential pedagogical approach that involves noticing how students 

responded during the lesson phases and how the lesson structure promoted and 

accommodated student learning. In other words, teachers can reinforce the point of choosing 

and selecting students to share their strategies (Livy & Downton, 2018). Moreover, as 

described by Lee and Lee (2023), teachers should employ differentiated instruction to 

accommodate diverse learning styles and levels of prior knowledge and support struggling 

students. In contrast, certified teachers create new tasks if the competency test is difficult for 

students and master building and answering questions with students. 

 

Technological Pedagogical Knowledge (TPK) 

In this section, we describe both teachers’ knowledge of how to use various technologies 

with distinct pedagogical approaches. It involves recognizing and utilizing the affordances of 

technologies and choosing pedagogical approaches that fit particular technologies and vice 

versa. 
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Table 8 

Teachers' Technological Pedagogical Knowledge 

Novice Teacher Technological pedagogical knowledge 

The uncertified teacher Unable to utilize technology during offline learning. 

The certified teacher Capable of integrating technology into offline and online learning activities 

 

Table 8 depicts that a teacher who has not been certified could use technology to manage 

classes. In contrast, a certified teacher utilizes technology to manage and organize the 

classroom during online learning. However, the teacher has not incorporated technology 

during offline learning due to limited learning facilities. To actively engage students in 

technology, the two teachers still need to implement it in grade 7 due to their need for more 

technical knowledge and skills in fostering student engagement. These findings align with 

prior studies (Jansen et al., 2023; R. C. Smith et al., 2017), which point out that teachers need 

school support in incorporating technology into their practice. 

 

Technological Pedagogical Content Knowledge (TPACK) 

We describe teachers’ knowledge that is more than the sum of its three components 

(content, pedagogy, and technology) in Table 9. It is the knowledge of the basis for effective 

teaching with the application of technology. Itrequires an understanding of pedagogical 

techniques that use technologies in constructive ways to assist students in overcoming 

difficulties and learning set content effectively. 

 

Table 9  

Teachers' Technological Pedagogical Knowledge 

Novice Teacher Technological pedagogical content knowledge 

The uncertified teacher The uncertified teacher employs technology in assessing student learning but 

still uses manual modules. 

The certified teacher The certified teacher uses Quizizz and Google Forms for assessment during 

online learning. 

 

The teacher who has yet to be certified has yet to utilize technology in learning 

assessment. Meanwhile, due to limited facilities, the certified teacher needs to be more 

optimal in using technology in Quizizz in learning evaluations. For making e-module 

teaching materials and presenting PowerPoint assignments, the two teachers have yet to be 

able to apply them to learning practices. 

The uncertified teachers used technology in learning assessment butstill used manual 

modules, and the use of Google Forms and e-modules began to be implemented in grade 8. In 

line with research conducted by Mailizar and Fan (2020) examining teacher knowledge 

related to ICT and its application in the classroom, it was found that mathematics teachers 

needed more knowledge about ICT and strategies for using ICT in teaching. Meanwhile, the 

certified teachers used Quizizz and Google Forms to assess online learning time, provide 

questions directly, collect them, and give assignments during offline learning. 

The results of these observations align well with a study by Parinata and Puspaningtyas 

(2021), which explains that the use of Google Forms is very suitable for collecting opinions 
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from people who are far apart, managing the event or school registration via the Internet, 

collecting data, taking quizzes, and reviewing more straightforward questions. Moreover, this 

observation, in line with the findings of Kim’s study (2018), showed that most teachers view 

technology as a tool that helps to teach (for example, providing teaching aids or creating 

teaching materials) rather than increasing student collaboration, creativity, and active 

engagement. 

The uncertified teacher's knowledge of technology, content, and pedagogy has yet to be 

maximized in integrating technology since she only used online and offline learning modules. 

In contrast, certified teachers could use technology in the form of the quiz during online 

learning and give assignments directly during offline learning. 

In this case, there are differences in the knowledge of technology, content, and pedagogics 

for 7
th

-grade mathematics teachers when viewed from the perspectives of novice mathematics 

teachers who have not or have been certified. Teachers who are not qualified cannot use 

technology in assessment, while certified teachers could apply Quizizz during online 

learning.  

These findings are consistent with previous studies presented by Stein et al. (2020), Yu et 

al. (2022), and Gurevich et al. (2017), which state that although teachers use different 

technological tools and try to adapt them in their teaching, there is a significant discrepancy 

between the existing teaching material and new technological tools.  

This study involved only two mathematics teachers; therefore, different results might be 

achieved if a similar study involved many teachers with varying years of teaching, genders, 

socio-economic status, and subject matter contexts. However, the findings of this study 

provide an insightful lens to understand novice mathematics teachers' TPACK in teaching the 

set concepts. In the context of the teacher's professional development, which comprises 

training with diverse levels of mathematics proficiency, some teachers could reach optimal 

proficiency. In this case, further research is necessary to fully understand mathematics 

teachers' TPACK with various years of teaching. The profiles will be an entry point for the 

government, especially the Indonesian Ministry of Education and Culture and educational 

institutions, to conduct systemic and well-structured workshops that assist the teacher in 

developing their TPACK. 

 

Conclusion 

The TPACK ability of novice mathematics teachers shows that the TPACK ability of 

certified teachers is distinct from that of uncertified teachers. In terms of technology 

knowledge, the uncertified teacher could utilize technology well during learning. Meanwhile, 

certified teachers could use sound technology during online learning, but they still needed to 

apply technology during the offline learning process due to limited learning facilities in the 

classroom. In pedagogical knowledge, teachers who have yet to be certified convey the 

learning objectives at the beginning of the material. As for learning methods/strategies, the 

uncertified teacher only used conventional and question-and-answer methods, while certified 

teachers used expository, discussion, and question-and-answer methods under the lesson 

plans. In terms of content knowledge, teachers who have and have yet to be certified have an 

in-depth understanding of the material. In the CK aspect of the task-based interview section, 
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the uncertified teachers still needed to improve in answering one of the problems. In contrast, 

certified teachers could answer all questions from the eight indicators. The implication of this 

study is to encourage TPACK learning and improvement; it is essential to offer specific 

projects and ICT intervention schemes that centre on pedagogy. In addition, the education 

stakeholder should set standards for TPACK level before obtaining qualified teacher status 

and create a shared space where mathematics teachers, mathematics education researchers, 

policymakers, and digital technology designers can communicate and corroborate. 
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