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Abstract—The education of prospective Chemistry teachers 

is faced with the issue of integration of content knowledge, 

pedagogy and technology (TPACK / technological pedagogical 

content knowledge ). Prospective teachers are expected to 

become teachers who are skilled in teaching effectively, 

mastering material (Chemistry content) and able to 

utilize   technology for learning. The purpose of this study is to 

analyze the ability of TPACK prospective Chemistry teachers 

in Basic Inorganic Chemistry courses. This research is a 

descriptive study to describe the   ability of TPACK 

prospective chemistry teachers. The subjects of this study are 

students of Chemistry Education Study Program who took the 

Basic Inorganic Chemistry Course in the odd semester 

2018/2019. The ability of TPACK teacher candidates is 

obtained by analyzing the CoR instrument and PaPeR.TPACK 

in this study includes three main components of teacher 

knowledge, namely content, pedagogy, and technology. Based 

on the analysis of CoRe and PaPeR, prospective teachers can 

arrange big ideas to develop teaching materials 3 to 5 big 

ideas; Chemistry teacher candidates are good at managing 

teaching time and have good abilities in choosing learning 

strategies (85%). There are still 77% of prospective teachers 

showing difficulties in managing class effectively. In the aspect 

of mastery of content shows that 62% of prospective teachers 

have mastery of concepts correctly, while 38% have mastery of 

concepts that are not exhaustive, and there are those that lead 

to misconceptions. The use of learning resources based on 

information technology and computers still need to be 

maximized because it is still limited in type (power point, video, 

internet), still few use it (32%), as well as the selection of 

learning resources and media that are less relevant for the 

achievement of basic competencies. The conclusion  is that the 

ability of TPACK prospective teachers still needs to be 

improved in several aspects of mastery of content, pedagogics 

and technology. 

Keywords—technological pedagogical and content 

knowledge, prospective teachers of chemistry, chemical bonds 

I. INTRODUCTION  

Chemistry studies include the structure of matter, 

composition, properties, changes and energy involved in 

these changes. Some concepts in the study of chemistry pose 

difficulties and errors for learners because most are related 

to abstract concepts. Learners who experience learning 

difficulties and misconceptions start from high school to 

tertiary level as reported (K.-CD Tan and Treagust, 

1999) . Taber also found learners having difficulty 

understanding central concepts in chemistry (DKC Tan and 

Treagust, 1999). Chemical concepts that become difficulties 

and errors in the concept of this learner are the core concepts 

and foundation of further chemistry learning or supporting 

branches of Natural Sciences (IPA) and other sciences. 

           Prospective chemistry teachers as learners at the 

tertiary level have experienced chemistry learning since 

middle school and have not escaped the difficulties and 

errors of this concept. One concept that is difficult to 

understand and becomes a problem for prospective teachers 

is chemical bonding. This problem arises due to prior 

knowledge of prospective teachers (Ozgur, Temel and 

Yilmaz, 2012). Sirhan (2007) suggests several factors that 

cause problems in learning chemical bonds, namely the 

composition of the chemistry curriculum that is passed by 

the learner, problems in working memory of learners, 

language and communication as well as student 

motivation (Sirhan, 2007) . 

           Chemical bonding is one of the most important topics 

in undergraduate learning, and the difficulties students face 

in understanding this concept have been the subject of much 

research (Tarhan, L., HA Kayali., RO Urek., 

2008) . Chemical bonding is   an abstract chemical 

concept   which is very difficult and complicated by 

teachers, students, and chemistry educators (K.-CD Tan and 

Treagust, 1999). More specifically, atomic structure, particle 

properties of matter, molecules, and chemical bonds are also 

considered abstract concepts. This is a topic that students 

find difficult (Abraham, Varghese and Tang, 2010) .  

            Teachers' knowledge in teaching has been studied by 

researchers for decades, resulting in many different ways to 

understand, develop, and enforce what teachers know and 

do. Research on knowledge for effective teaching in the 
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1980s and 1990s illustrates it from different epistemological 

points of view, reflecting important shifts in our 

understanding of the special nature of teacher knowledge 

and knowledge. Research results from this period can find 

perspectives from the perspective of philosophy based on a 

review of professional knowledge [1], analysis of the 

concept of skills-based education, and the relationship 

between teacher's personal and professional knowledge [2], 

[3]. 

           In the process of learning and teaching activities, the 

teacher must also be able to convey the material well 

because learning is a process of developing knowledge, 

skills, and new behavior in a person as a result of his 

interaction with a variety of information and the 

environment. Therefore, the teacher must be able to convey 

the information he knows correctly and right on target, 

namely the content of the correct material through good 

pedagogical activities [4]. 

           Shulman (1987) defines the subject matter of 

teaching content material as content and pedagogical 

knowledge (PCK). Knowledge content and pedagogic 

identify specific sections of knowledge for teaching [2], [5]–

[8]. PCK is a combination of content and pedagogy in the 

understanding of how certain topics and problems or issues 

are organized, represented and adjusted to the interests and 

abilities of diverse students, and explained in the form of 

instructions [2], [9]–[11]. Content and pedagogical 

knowledge is the easiest category to distinguish content 

specialist understanding from educators [12]. 

           As time goes by and students' needs increase, 

teachers not only have to have PCK skills. However, 

teachers must be able to teach subject matter with 

technology more than just PCK. This is because the current 

teaching and learning process reflects the growing 

integration between computers and technology applications 

in the curriculum. The idea of integrating knowledge of 

subject matter, teaching or learning, and technology has 

existed since the increasing needs of students in the use and 

learning needs of technology. Accordingly, knowledge of 

technology, pedagogy, and content has become an integral 

part of teacher education programs to prepare prospective 

teachers where they teach using technology in teaching. 

           Based on Shulman's idea of PCK, Mishra and 

Koehler (2006) have added technology to PCK, and 

described TPCK as a relationship between technology, 

pedagogy, and content. TPCK is the foundation of good 

teaching with technology and requires an understanding of 

sustainability .  Analysis of Technological Pedagogical 

Content Knowledge Ability concept representation using 

technology; pedagogical techniques that use technology in a 

constructive way to teach content; knowledge of what makes 

concepts difficult or easy to learn and how technology can 

help some of the problems students face; student's initial 

knowledge and epistemological theory, and knowledge of 

how technology can be used to build on existing knowledge 

and to develop new epistemology or strengthen old ones 

[12]. 

           Therefore, teachers must be able to integrate 

technology into their teaching. An approach is needed that 

treats teaching as the interaction between what teachers 

know and how they apply what they know in interesting 

situations or contexts in their classrooms. There is no "one 

best way" to integrate technology into the 

curriculum. Instead, integration efforts must be designed 

creatively or structured for certain subjects and important 

ideas in a particular class context [2] 

           In order to carry out his new mission, the teacher 

must really understand cognition and a variety of different 

ways of learning. Teachers must also understand student 

development and various pedagogical concepts as well as 

they master the learning material and alternative assessments 

that are used to measure student learning outcomes. Thus, 

the teacher must be able to place the various substances of 

language and cultural differences, learning styles, talents, 

and intelligence as the basis for implementing the various 

teaching strategies he chooses [13][14]. 

           Based on the above conditions, learning must be 

carried out on the basis of what students know and can do as 

well as how students think and learn to align the learning 

process with the performance needed in accordance with the 

individual needs of students. Seeing this reality, it is clear 

the teacher must really have superior characteristics so that 

he will be able to carry out his new mission in the education 

process. The creation of this superior teacher must be done 

both when the teacher goes through the teacher education 

process and when the teacher has carried out his position as 

an educator [15], [16]. 

           Therefore, the author raises the theme of the problem 

regarding pedagogical technology and content knowledge, 

the author conducted an analysis of the prospective 

chemistry teacher majoring in Chemistry at Surabaya State 

University. 

II. METHODS 

           The study was a descriptive study, in which the 

researcher did not give treatment to the research 

object. Researchers only take data without any changes. The 

subjects of this study were students who took 

Chemistry Teaching Management  (PP Kimia) courses in the 

odd semester of 2017/2018, in one study group. 

           The instrument of data collection of TPACK ability 

of prospective teachers using CoRe ( Content 

Representation ) and PaP-eR ( Pedagogical and 

Professional-experience Repertoire )[17], [18]. 

           Descriptive analysis is performed on the data 

obtained. The results of CoRe ( Content Representation ) 

and PaP-eR ( Pedagogical and Professional-experience 

Repertoire ) were analyzed in several aspects to obtain a 

profile of the ability of TPACK prospective Chemistry 

teachers. TPACK in this study includes three main 
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components of teacher knowledge, namely content, 

pedagogy, and technology. Aspects used to analyze TPACK 

prospective teachers include: the selection of basic 

competencies and the number of ideas for teaching 

materials, time management, classroom management, 

mastery of materials, selection of teaching strategies, and 

selection of information technology/computer-based media 

in learning. Prospective teacher PCK data were analyzed 

descriptively as percentages. 

  

III. RESULTS AND DISCUSSION 

a. Results 

Research has been conducted to obtain information 

about the ability of TPACK prospective Chemistry teachers.  

The results of the study are presented in Tables 1 and 2 

below. 

  

TABLE 1. RESULTS OF THE CONTENT REPRESENTATION (CORE) 

ANALYSIS OF PCK CHEMISTRY TEACHER CANDIDATES 

  

Code   Theory   Large amount 

of   material ideas 

M-01   Ion Bonding   5 

M-02   Kovalen ties   5 

M-03   Molecular Shape   5 

M-04   Inter Molecular 

Force   

4 

  

Table 1 shows that in the preparation of learning 

implementation plans, prospective teachers are able to 

determine the topic / material based on Basic Competence 

(KD) to be achieved. The material developed for each 

student is also different, consisting of topics for achieving 

Basic Competence (KD) in the Chemistry Department of 

UNESA . The number of big ideas to develop teaching 

materials there are 4 big ideas. To analyze 

TPACK the Content Representation (CoRe) Instrument is  

used. The CoRe instrument was developed by Loughran and 

his team [19], which is a representation of how 

the teacher thinks about the material to be taught at 

a certain level. Apart   from CoRe, teacher PCK was also 

analyzed using PaPeR. 

 

TABLE II. RESULTS OF THE PEDAGOGICAL AND PROFESSIONAL 

EXPERIENCE REPERTOIRE (PAPER) ANALYSIS OF PROSPECTIVE 

CHEMISTRY TEACHERS 

  

Code 

  

Problems that arise in PaPeR 

Time 

arange

ment 

Class 

manag

ement 

Mastery 

of 

concepts 

Strategy 

selection 

Media 

use 

Asse

ssme

nt 

M-01 √       √ √ 

M-02       √ √   

Code 

  

Problems that arise in PaPeR 

Time 

arange

ment 

Class 

manag

ement 

Mastery 

of 

concepts 

Strategy 

selection 

Media 

use 

Asse

ssme

nt 

M-03   √ √       

M-04         √ √ 

Percentage 

 (%) 

46 77 38 15 62 12 

  

Table 2 shows that the Chemistry teacher candidates 

still experiencing problems in managing time teach that 

effective. 

There are 46 % of   students  identified   as having 

difficulty managing time, and 54% of people are already 

good at managing time. This happens because prospective 

teacher students do not have enough teaching experience, so 

it is still constrained in managing time. 

 The results of this study also come from the 

reflection of prospective teachers. The following is a 

summary of the reflections of prospective teachers showing 

the obstacles in teaching presented in Table 3. 

  

TABLE III. SUMMARY OF REFLECTIONS ON PROSPECTIVE 

TEACHERS IN LEARNING 

 

Teacher's 

personal 

readiness  

Feeling nervous, lacking confidence, and afraid 

of being wrong and forgetting the lesson 

plan; teacher  motion is still limited in front of 

the class,    formulating too many indicators 

for   short time allocation , trying to instill 

moral / character values to students even 

though it is still small.  

Teacher 

readiness when 

implementing 

learning  

  

Still weak in managing the class, learning is 

still monotonous / ordinary, lacking in variety, 

still hesitant in explaining the material, 

giving    assignments    that 

are    still    not    relevant,    not    giving 

questions that encourage interaction between 

students in learning, not utilizing / writing on 

the board, still confused when responding to 

student questions, the structure of presentation 

of the material is less coherent, difficulty 

conditioning students   when discussion 

activities.  

Time 

management         

  Time management is  less   attention, the   use 

of   time   that is   not balanced for   several 

stages of learning activities.  

Media use         Using media in the form of videos and power 

points, too many images in each PPt slide , 

visual aids are not representative, do not 

prepare / use media, are lacking   in the use of 

contextual / real learning resources.  
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Learning 

strategies  

  

Not sure about the chosen learning model, the 

delivery of material is less effective because 

more lectures, learning with quizzes, guessing 

games with prizes, questions and answers, 

group discussions and presentations are often 

used in learning.  

  

b. Discussion 

   The process of making CoRe starts 

from formulating big ideas related to specific topics that will 

be conveyed to students to facilitate understanding. The 

results showed that prospective teachers can formulate big 

ideas related to topics 3 to 5 big ideas. This important 

concept will later determine the breadth and depth of the 

material and the strategies applied by the teacher when 

learning. The selection of important concepts that will 

be   conveyed to students should be based on curriculum 

demands [20]. 

The big idea of material can be the basis in 

the preparation of   material or teaching material. The 

breadth and depth of teaching material can be analyzed from 

the competencies, learning indicators, and teaching materials 

developed by the teacher. The ability of teachers to develop 

the indicators and teaching materials can 

be   maximized through the activities of lectures. Lecturers 

can also facilitate students to continuously improve their 

professional and pedagogical competencies through the 

provision of relevant learning resources, through practice 

and hands-on practice. The research results of Sukaesih & 

Kartijono (2014) state that the use of competency-based 

microteaching textbooks and conservation characters can 

develop the personal and professional competencies of the 

teacher candidates. Apart from just knowing the material 

/ teaching material to be taught, a teacher must understand 

and be able to integrate content knowledge into knowledge 

about the curriculum, learning, teaching and students. Such 

knowledge can eventually lead the teacher to arrange 

learning situations according to individual and group needs 

of students. Such knowledge is expressed as a pedagogical 

content knowledge / PCK [21].                            

Based on the results of the PaPeR analysis, 

prospective teachers experience constraints in class 

management of 77%. The problem that generally arises for 

prospective teachers who are just beginning to carry out 

learning in class is effective classroom management. This 

can occur because of the complexity of learning in the 

classroom that is not known before the teacher so that the 

teacher candidates do not yet have a way / technique to 

manage students. Teacher still focusing on self-control to 

successfully teach in the classroom, the condition of the 

surrounding environment has not been a particular 

concern. Class conditions that support the learning process, 

the condition of students who always focus on learning 

should be the attention of teachers in managing effective 

learning. Pedagogic knowledge and experience in 

implementing learning needs to be continually developed so 

that prospective teachers have sensitivity in managing 

effective learning.  

In mastering concepts, 62% 

of   prospective   teachers   have   mastered   concepts/teachi

ng materials   correctly, there are still 38% who have low 

mastery of concepts, and some lead to misconceptions. This 

can occur because the ability of material analysis of each 

student is still poorly trained, because generally students 

learn textually. A teacher who has   good content knowledge 

will be able to construct material elements simultaneously in 

working memory, pay attention to students' initial 

knowledge by giving   direction, the   material 

is   not   delivered   at once   or   consider prerequisite 

knowledge [22]. The results showed that one of the factors 

that made it possible to improve the ability of teachers was 

to enrich PCK, which is a special combination of content 

knowledge and pedagogical knowledge that was built over 

time and experience, so as to produce professional teachers 

[17]. 

Generally students have good abilities in choosing 

teaching strategies (85%), but there are still 15% having 

difficulty in choosing teaching strategies. Students have 

been able to choose and determine the right strategy for 

achieving basic competent, only the ability 

to    implement learning    strategies that 

are varied and "challenging" still need to be improved. 

Challenging learning strategies are learning strategies that 

are able to facilitate students' active learning, use a variety 

of learning resources and are able to optimize student 

learning experiences.                     

Regarding the use of teaching media, teachers have 

chosen instructional media in the form of Power point slide, 

pictures /charts/cards, videos, realia objects /objects, 

films. However, prospective teachers have not been able to 

optimally utilize the media in learning, that is still identified 

62% of prospective teachers have not created active 

interaction between students and the media. Related to the 

knowledge and ability to apply technology, especially 

information technology in learning, it needs to be studied 

more deeply considering the PaPeR instrument used does 

not intend to identify the subject's ability to utilize 

information technology knowledge specifically. Chai, et.al. 

(2013), explains what is meant by technological knowledge 

is knowledge of how to use ICT hardware and software and 

related peripherals, for example knowledge of how to use 

the web (wiki, facebook, blogs, etc.) as a tool. In recent 

years technology has played an important role in turning 

education into more progressive and interactive 

activities. But the use of technology itself does not produce 

positive results in the quality of learning and student 

achievement. Teachers must be competent in subject 

knowledge, pedagogical skills and technological knowledge 

[23]. Furthermore Chai, et al. (2013) explains when 
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technology knowledge is integrated with the TPACK 

element TPK, TCK, and TPACK will appear. TPK is 

knowledge about the existence and specifications of various 

technologies to enable teaching approaches without 

reference to subject matter, for example using ICT as a 

cognitive tool and computer-supported collaborative 

learning [24]. TCK is knowledge about how to use 

technology to research and create content in 

different ways without consideration about teaching, for 

example knowledge about online dictionaries and statistical 

programs in SPSS. 

TPACK is knowledge using various technologies   to 

be taught   and   represents   knowledge   of specific subject 

content. Thus 62% of the above mentioned subjects could 

not be identified what percentage had difficulties in 

mastering TPK and/ TCK and/TPACK. Furthermore Chai, et 

al. (2013) explain the integration of ICT into the curriculum 

inevitably involving the three basic dimensions of TPACK, 

namely TK, PK, and CK. One thing that is relatively 

difficult to label learning as integrated ICT if there are basic 

elements missing. If the teacher is able to design TPACK 

integrated lessons, student learning can be improved. Thus it 

becomes very important to continuously improve the 

understanding of the T component of TPACK to prospective 

teacher students. 

In the aspect of the assessment or the assessment 

plan, students generally already made an assessment 

instrument properly, even though the instruments are made 

incomplete to assess aspects o cognitive, active 

psychomotor. PCK development requires a long process to 

obtain new sources of skills and knowledge needed to 

become professional teachers who are experts in their 

fields. Chai, et al. (2013) stated that the effort to develop a 

rubric to assess the quality of learning according to various 

TPACK constructions is a meaningful/ important field of 

study. It offers a comprehensive way to evaluate the ICT 

integrated lessons that are designed,   so that   helps 

educators to identify   weaknesses   and   strengthen   the 

design of   the eyes of   college [24].  Chai, et al. (2013) 

suggests investigating how students' ideas about learning 

certain content (Learning Content Knowledge / LCK 

according to PCK), learning with technology (TLK 

according to TPK), and knowledge of technology content 

can help tell teachers what can or should be done in the 

classroom.    

Based on the teacher's reflective journal, there are 

obstacles that are still being felt or experienced. This gives 

feedback and as an evaluation that prospective teachers still 

need to be guided, trained and given facilities through 

lectures to improve their teaching abilities.  

Mastery of content and 

pedagogical Chemistry  teacher candidates still needs to be 

optimized or   several   aspects,   through   various   methods 

/techniques. Alternatives that can be selected among others 

to provide books teaching that can be used as a guide 

to teachers in developing pedagogical abilities and mastery 

of Chemical content. 

Research in the field of    science shows that many 

teacher candidates are unaware of the importance of PCK as 

indicated by a lack of understanding of certain subject 

matter and knowledge that has not been integrated . PCK has 

a role in offering thinking strategies, about learning to teach 

science, can help teachers and students choose tips and 

tricks on how to teach, and encourage them to start 

exploring understanding of practices based on a better 

relationship between learning objectives and the learning 

process [17]. 

The involvement of direct discussions with experts is 

very helpful for teachers at the beginning of their careers to 

find great ideas to be taught.  Prospective teachers can 

develop PCK   which has through discussions, interviews 

and collaborations with experienced teachers, reflective 

journal writing after doing the learning, and make the core 

framework it self. 

  

IV. CONCLUSIONS  

The conclusion from this study is that the ability of 

TPACK prospective Chemistry teachers still needs to be 

improved in several aspects of mastery of content, 

pedagogics and technology. TPACK capability development 

requires a long process to obtain new sources of skills and 

knowledge needed to form professional teachers. 
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