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Abstract  
This study aims to determine the needs of chemistry teachers in programs aimed at enhancing their pedagogical 
inquiry competencies (PIC). In line with these objectives, this research was conducted as survey study. The 
convenience sampling technique was implemented. The survey was carried out by distributing questionnaires online. 
There were 63 chemistry teachers who filled out the questionnaire. Data were analyzed descriptively. Based on data 
analysis, it can be concluded that some teachers know inquiry and feel that they have applied this inquiry in their 
learning. However, it still needs to be improved on the understanding of the meaning of inquiry and how to 
implement their inquiry knowledge. Therefore, it is necessary to develop a teaching model to increase the PIC of 
chemistry teachers. 
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1. Introduction 
Science, including chemistry, consists of three inseparable components those are knowledge or concept science, 
processes or methods and skills in doing science, and attitude (National Research Council, 2000) The attitude 
component includes scientific attitudes and attitudes toward science. Science is no longer just seen as a body of 
knowledge that must be mastered by students in the learning process (Lederman & Lederman, 2019). Moreover, 
science must also be ways of knowing, which means learning science will give students a method to learn about how 
to understand science and explain the nature phenomenon around them (Lederman & Lederman, 2019).  
From this point of view, inquiry-based learning (IBL) to be the recommended approach in learning science (Pike et 
al., 2023a). IBL has been shown to be effective in increasing students' reasoning abilities and understanding of 
science concepts (Feyzioğlu & Demirci, 2021; Kocagül Sağlam & Şahin, 2017). The process in IBL encourages 
students to be active in exploring knowledge by using science process skills (Moon et al., 2016), such as observing, 
classifying, predicting, interpreting, and communicating (Idul & Caro, 2022). This means that students are not just 
passive recipients of information, but they are actively involved in the learning process and constructing their own 
knowledge (Feyzioğlu & Demirci, 2021). These skills are the main factor to scientific investigations and are 
transferable to other areas of life. Besides that, IBL also helps students develop scientific attitudes (Koksal & 
Berberoglu, 2014) such as curiosity, thoroughness, and responsibility. This attitude is essential for scientific inquiry 
and for developing a lifelong interest in science. 
The application of IBL in the classroom itself is recognized as not such an easy thing. One of the main challenges in 
implementing inquiry-based learning is time constraints (Pike et al., 2023a). Inquiry-based learning requires more 
time than traditional teaching methods because students need time to explore and investigate scientific phenomena. 
This can be a challenge for teachers who are already struggling to cover the required curriculum within a limited 
time frame. Another challenge of inquiry-based learning is assessment (Spronken-Smith, 2005). Traditional 
assessment methods such as multiple-choice tests may not be suitable for assessing students' understanding of 
scientific concepts developed through inquiry-based learning. Teachers need to develop new assessment methods 
that are aligned with inquiry-based learning approaches (Kim et al., 2013). On the other hand, students’ interest in 
science learning declined at the early age (Jocz et al., 2014). They may be used to traditional teaching methods where 
the teacher gives all the information, and they just memorize it. Teachers need to help students understand the 
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benefits of inquiry-based learning and provide support to help them develop the necessary skills. The challenge that 
is also experienced by students is group work. Inquiry-based learning often involves group work, which can be 
challenging for some students. Teachers need to provide support and guidance to help students work effectively in 
groups and ensure that all students participate and contribute to the learning process. Meanwhile, a lack of funding 
for science equipment or limited access to technology and other tools that facilitate inquiry-based learning may also 
be a formidable obstacle for many teachers that keeps IBL from being implemented. 
It should be realized that chemistry teacher has important role in the implementation of IBL in the classroom.  
Therefore, factors those are also important in implementing IBL in the classroom is coming from teacher. One of 
them is the curriculum load that teachers feel they have payload too much material. Teachers need to find ways to 
align inquiry-based learning with the required curriculum and ensure that students meet the required learning 
objectives. Especially, using an inquiry-based approach may be considered more challenging or time-consuming for 
some teachers. They may feel more comfortable with traditional learning methods and may hesitate to adopt new 
approaches (Pongsophon & Herman, 2017). The effective use of IBL requires teachers to have a solid background in 
science and professional development in teaching methods. Teachers who do not have the necessary knowledge and 
training may have difficulty implementing inquiry-based learning effectively (Pongsophon & Herman, 2017). 
Knowledge and skills about how to teach this inquiry is part of Pedagogical Content Knowledge (PCK) 
PCK in relation to inquiry knowledge and skills refers to the specific knowledge a teacher has about how to teach a 
particular content area using inquiry-based methods effectively (Ekiz-Kiran et al., 2021). This involves 
understanding subject matter, knowing how to design and implement inquiry-based activities, and being able to 
assess and support student learning in inquiry contexts. This inquiry PCK is referred to as pedagogical inquiry 
competencies (PIC).  
Absence or lack of teacher’s PIC will make teacher does not apply the IBL. Recently, PIC has not been included as a 
provision for prospective chemistry teachers. Therefore, it is necessary to develop a program aimed at increasing the 
PIC of prospective teachers, especially how to form an appropriate learning model to equip chemistry teachers with 
PICs. As a first step to design and develop this learning model, it is necessary to know about field conditions on 
learning chemistry and teachers' need for learning models that equip them with PIC. Therefore, it is required a survey 
to analyze the needs of chemistry teachers towards learning models to improve their PIC.  
Questions that must be answered in a needs analysis are as follows. 1. What happened now? 2. What should happen? 
3. How wide is the performance gap between "as is" and "what should be?" 4. How significant is the performance 
gap? 5. How large is the performance gap caused by a lack of knowledge, skills, or attitude? 6. What solutions are 
cost-effective and feasible? 7. What are the unintended side effects of taking corrective action that can be predicted? 
(Rothwell et al., 2015). Therefore, this article will discuss research questions as follows. 
Research Question 1 (RQ1) what are the gaps in the implementation of IBL in the fields compared to the theoretical 
IBL?   

RQ2: what are the factors those cause these gaps? 
RQ3: What are teachers' expectations for self-development related to inquiry? 

 
2. Method 
2.1 Procedure 
This study is a questionnaire survey design. The survey was conducted online using the google-form platform. 
Participants were recruited through social media platforms, namely whatsapp groups. The survey was available for a 
period of one week, during which participants can access and complete it at their convenience. 
2.2 Participants 
Participants in this study were selected through the convenience sampling technique. This nonprobability sampling 
technique was used in which respondents, namely teachers in the provinces of Central Java and DI Yogyakarta were 
chosen based on their convenience and availability to completer the questionnaire (Creswell & Creswell, 2018). A 
total of 63 participants (14 males and 49 females) were involved in this study. The participants' teaching experience 
was between 1 and 25 years, with an average of 10.5 years. 
2.3 Survey Instrument 
The questionnaire consists of 35 questions to capture conditions that occur in the learning process carried out by the 
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teacher. The needs analysis questionnaire has been validated by five chemistry education lecturers as experts. 
Validation is carried out by assessing indicators and questionnaire item developed. There are 40 questionnaire items 
derived from 20 indicator to be assessed by experts. Each expert assesses whether the indicator is important (1) or 
not important (0). The results show that all indicators are agreed to be important and can be developed into a 
questionnaire instrument. Meanwhile, 39 questions are declared valid. However, two experts suggested that it is 
needed to reduce the number of questionnaire items used. Therefore, the questionnaire was then rearranged to get 35 
questions. The survey questions were divided into four sections: demographic information, teacher's condition 
related to inquiry, implementation of inquiry in learning, and expectations for self-development related to inquiry. 
The demographic section collects information about age, length of teaching chemistry and training experience related 
to the development of learning models. The inquiry-related teacher condition section includes a series of Likert scale 
items that measure knowledge of inquiry, learning models, and mentoring in learning. The implementation of inquiry 
in learning section assesses the implementation of inquiry and guidance in the classroom, which is usually done by 
respondents, including the obstacle faced by teachers. The respondent’s expectation section on self-development 
related to inquiry captures respondents' comments on learning models that consent on PIC improvement. 
2.4 Data Analysis 
Data obtained on this study were teachers’ attitude, perception, and opinion on their need to enhance their PIC. This 
data in line with survey design that provides a quantitative description of trends, attitudes, and opinions (Creswell & 
Creswell, 2018).  From the respondents' answers collected, the data was evaluated to formulate results using 
descriptive analysis. Descriptive statistics are used to determine trends in data and provide an understanding of how 
these results stand to other (Creswell & Creswell, 2018). Data is displayed based on the frequency of respondents' 
choices and other trends shown by the data. Based on these results, the respondent's most preferred option can be 
determined. 
 
3. Results 
3.1 Demographics 
A total of 63 participants completed the survey, with 14 males and 49 females. The teaching experience was between 
less than 1 and 25 years, with a mean of 10.3 years. Most of participants confess that they have implemented 
problem-based learning (70%), discovery learning (39%), project-based learning (36%), inquiry learning (24%), and 
some other learning models in their class. 
3.2 Statistics and Data Analysis 
RQ1: what are the gaps in the implementation of IBL in the fields compared to the theoretical PBI? RQ 1 
revealed with several questions in the questionnaire, which were divided on related teacher understanding with 
inquiry, and IBL practice. Some data, i.e., their understanding is related to the definition of inquiry and sources 
knowledge inquiry can be shown in table 1. 
 
Table 1. Respondents’ Understanding Relates to the Definition of Inquiry and Sources of the Knowledge 

Indicator Answer frequency 
Definition inquiry Discovery Learning 42 
  Question 5 
  Curiosity _ _ 16 
  Hands on activity 3 
Source of inquiry 
knowledge  Teacher Training 16 
  University/College 38 
  Teachers Association 23 
  Professional Development. 19 
  Explanation of the Principal 4 

 
The overall data also includes respondents' perceptions of Inquiry Based Learning (IBL) implementation and 
guidance in the learning they do. From the data, it is known there are 11.1% of teachers who have never 
implemented IBL. Meanwhile, there were even more SPS assessments, namely 40.9% of teachers who had never 
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implemented it SPS assessment. Other data, such as how implementation inquiry on each SPS according to the 
teacher, guidance, and assessment will be presented and discussed in the discussion session. 
RQ2: what are the factors those cause these gaps? To answer RQ2, data were taken from question related with 
constraints faced by teachers in the field and their theoretical analysis. Data of constraints faced by teachers can be 
seen in table 2 
 
Table 2. Data on Constraints Faced by Teachers 

Constraint Frequency
Not experiencing constraint 11
Have never applied IBL 7
Students are not focused 10
Student not enough motivation 24
Students are not active 33
Unsupported infrastructure _ 17
Resources and media are not sufficient 20
More time needed _ 31
Group activities do not work well 9

 
RQ 3: What are teachers' expectations for self-development related to inquiry? This RQ3 captures what 
self-development are required by teacher to improve IBL implementation. There are 6 questions related to RQ3. One 
of them is an open-ended question with the answer was summarized in the table 3.  
 
Table 3. Expectations of Participants in Program Development to be Carried Out 

Expected form of the program Frequency

Developed program is given in the form of training to connect teachers and prospective teachers with 

IBL 17

Developed program gives materials to develop learning models (and methods). related to IBL  17

Developed program accompanied with implementation, not just theory 13

Developed program used to upgrade knowledge related to IBL and its mentoring 5

The program is not only for teachers, but also students so they can learn with IBL 4

Developed program can drive teachers to be more creative 3

Developed program can provide a training on how teachers administer IBL 2

Developed programs can be related with practicum 2
 
4. Discussion 
4.1 RQ 1. What Are the Gaps in the Implementation of IBL in the Fields Compared to the Theoretical PBI? 
Whole respondent stated that they knew about the term of inquiry. Even, inquiry learning was the fourth of the most 
learning models applied by chemistry teachers. Respondents also stated that they knew inquiry from college and 
development teaching profession programs. This indicates that inquiry is not a completely new term for chemistry 
teachers. This finding is contrast to those of Etahany’s work (Eltanahy & Forawi, 2019) that teachers are still affected 
by the traditional way they were taught. Therefore, it is a big challenge for them to shift the teaching paradigm from 
a teacher-centered approach to a student-centered approach (Eltanahy & Forawi, 2019). However, most of teachers 
(67%) make an association between inquiry and discovery learning. Only a 7% of respondents connect inquiry with 
question - based learning. A learning that is focused on stimulating students' own curiosity (23%) has not become 
true inquiry because curiosity is just a beginning of questioning. 
The explanation regarding to how the implementation of IBL is associated to laboratory shows that respondents did 
not understand implementation of IBL in class (Figure 1). Opinion that inquiry must be a free inquiry is attached to 
mind of big part of respondents (74.6%), this is supported with a fact that there are many opinions that IBL should 
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constitute laboratory work (33.3%) and IBL is the synonym of hands on activity (27.0%). This finding in line with  
a study by (Strat & Jegstad, 2022) that found teacher educators expressed uncertainty about whether non-practical 
work, such as a literature search, could be labeled inquiry. Although, respondents understand that the teacher should 
be more active create atmosphere inquiry, not just has students more active (50.8%).  

Figure 1. Respondents’ Opinion about the Processes That Occur in Classes with IBLs  
 
Observation skill is the earliest science process skills performed when do inquiry. From the responses given, almost 
whole respondent has known that observation skill is related by using five senses and another measuring tools to get 
the data (96.8%). However, at the same time, respondents stated that only watching videos displayed by the teacher 
(76.2%) and reading text (50.8%) is skill form of observation. These two activities are most carried out often by the 
teacher. Basically, this activity has not reached the point of observing if students cannot interact with to get the data. 
This data can be seen in Figure 2. 

Figure 2. Respondents’ Opinion About Observation Skill  
 
Questioning skill appears after observation. Most of respondents (90.5%) have better understanding that questioning 
skills is asking question about an object (Figure 3a). The question in this inquiry process is more directed to what 
will be solved in the investigation process. There are only 44.4% of respondents who are aware of this condition 
(figure 3b). There are more respondents who have opinion that a question is asked for things they did not know 
(50.8%) and why something phenomena can occur (58.7%). These questions often do not lead to an open-ended 
investigation. Even if it is seen from frequently asked questions, students asked more knowledge question (figure 4), 
not an inquiry question. 
In related to predicting skills, respondents’ knowledge has indicated the correct understanding of this skill. Most of 
the respondents understand that predicts related to data patterns and the phenomena they observe (85.7%) (figure 5a). 
Although it brings up an uncertainty of the other options. This is revealed with implementation understanding of this 
skill in the class (figure 5b), there were only 39.7% of the respondents who remained answer same mode with their 
knowledge, in term of “students connect variables to explain thing that probably will happen”. This means that 61.3% 
of respondents do not see prediction skill in same way with generated prior knowledge. 
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(a) 

 

 

 

 

 

(b) 
Figure 3. Respondents’ Opinion about Questioning Skill of (a) Knowledge, (b) Implementation in Class 

 
 

Figure 4. Forms of Frequent Questions Asked by Students 

 

(a) (b) 

Figure 5. Respondents’ Opinion about Prediction Skill Reviewed of (a) Knowledge, (b) Implementation in 
Class 

 
Respondents’ understanding about planning and carrying out investigation skill seems to be only at designing work 
steps to test hypothesis. As many as 84.1% (figure 6a) choose this option. However, if this item is looked at further, 
it still is many of them (50.8%) chose "follow the instructions or work steps to get correct answer”. It revealed that a 
mind about recipes book in the laboratory in traditional manner is still attached to the respondent. This evidence can 
be seen in Figure 6b which shows that more than half (52.4%) of teachers who only give recipe and almost half 
respondents (49.2%) asked student look for the procedures in the book. 
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(a) (b) 

Figure 6. Respondents’ Opinion About Planning and Carrying out Investigation Reviewed of (a) Knowledge, 
(b) Implementation in Class 

 
Processing and analyzing data and information skill has been understood well by the respondents.  This process is 
often carried out in research or practicum on campus. as shown in figure 7a, as many as 88.9% of respondents 
answered that data analysis is connected to "compare the data obtained" The main concern to be further explored is 
how students can learn further about data analyzing objective. From Figure 7b it is only a few teachers (34.9%) pay 
attention the need of the data analysis confirmation to the inquiry questions, not just compare the data with existing 
theory (82.5%) 

(a) (b) 

Figure 7. Respondents’ Opinion About Processing, Analyzing Data and Information Skill Reviewed of (a) 
Knowledge, (b) Implementation in Class 

 
Communicating skill is also a commonly performed skills by the respondents, since they were in college. Figure 8a 
shows that almost all respondents (93.7) agree that these skills are related with present the results of observations. 
Only a few (19.0%) of them realized that speaking with other people is also a communication skill. The classroom 
implementation section (figure 8b) shows that most of inquiry class do presentation in speaking in front of the class 
(79.4%) or in the form of writing reports (74.6%). This shows that forms of communication performance are needed 
to be improved. What also needs to be considered is the teacher's ability to choose time to dig deeper in the 
discussion and communication state to improve students' conceptual understanding (Ødegaard et al., 2014). Some 
study has revealed that IBL promoted collaborative learning (Rauschenbach et al., 2018) and communication skills 
((Yenice & Özden, 2022), as students often work in groups to explore and solve complex problems.  
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(a) (b) 

Figure 8. Respondents’ Opinion About Communication Skill (a) Knowledge, (b) Implementation in Class 
 
Based on the analysis of the understanding and implementation of IBL in the classroom, several outlines can be 
drawn. First, inquiry and IBL understanding is still needed to be improved. There are still many teachers who relate 
inquiry with discovery learning, as well associate inquiry to laboratory activities. Prospective chemistry teachers. 
In case implementation in class, there are many of the inquiry steps not as they should be. Some misconceptions 
about inquiry Still held by chemistry teachers in the field. In line with Etahany’s research (Eltanahy & Forawi, 2019) 
finding that teachers have misconceptions in some areas of inquiry. 
4.2 RQ2. What Are the Factors Those Cause These Gaps? 
Factors that cause gaps can be seen from several point of view. One of them is the obstacles faced by teachers in 
implementing IBL in the classroom. Data on the constraints faced by teachers in implementing IBL can be seen in 
Figure 9. 

 

 

 

 

 

 

Figure 9. Constraints Faced in Implementing IBL 
 
As shown on figure 9, there are 17.5% of respondents who feel that they have no constraints experienced on the 
application of IBL, although the results of the analysis show that there are many discrepancies between what is 
understood and done with what should be. This condition is in line with the study of Shahat et al., (2022) that 
teachers often perceived their own science teaching is highly successful inquiry, so are the findings of study 
conducted by Capps et al. (2016). This means that there are intrinsic obstacles within respondent to open their mind 
to new knowledge. This precisely is an issue that must be addressed in future program development. 
The biggest constraint considered by respondents is that their students are not active learner (52.4%). A genuine 
interest in science is an important part of scientific literacy (Swarat et al., 2012), this less interested student is 
significant obstacle in the implementation of IBL. This condition can come from traditional teaching approaches 
applied by teachers. This is also related to other constraints felt by the respondents, namely student not enough 
motivated (38.1%), not focused on learning (15.9%), and unable to activate group work (Rothwell et al., 2015; Pike 
et al., 2023b). This was conveyed by (Wieselmann et al., 2021) that students are indeed more active in collaborating 
in a more structured learning process. Students habit to take information for granted is also reason of this obstacle 
appearance. 
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Time constraints is also felt by respondents. It is about half of respondents (49.2%) stated that teaching chemistry 
with IBL is time consuming(Strat & Jegstad, 2022). Moreover, the teacher highlighted the pre-service teachers’ lack 
of background knowledge in science made them reluctant to implement IBL. On the other hand, inadequate learning 
resources, media, as well as facilities and infrastructure were also presented as obstacles on this implementation, the 
same as mentioned by Eltanahy and Forawi (2019) that teachers were found to be struggle with some barrier such as 
time limitation, a lack of the materials and tool required, and the heavy caseload of selected topics in the annual 
syllabus. Compared to a study by Spronken-Smith (2005)  that mentioned timetable and room allocations as 
facilities barrier in IBL implementation, this study stressed on laboratory chemical and equipment.   
The other factor that might be the cause of this gap is the source of inquiry knowledge obtained by most of 
respondent was originate from their college (60.3%) (see table 1). This is in line with Ramnarain’s study (Ramnarain, 
2016) that highlight teachers’ lack of professional science knowledge in IBL implementation. Most of teacher 
education programs do not adequately prepare teachers to the complex and varied role required in IBL (Mckeown et 
al., 2016),  as well as chemistry education department in Indonesia has not provided a specific subject on inquiry 
and its implementation in the classroom. Therefore, the lack of knowledge and skills can be seen as the main factor 
of the gap in the implementation of IBL in schools.  
From the data analysis for RQ2, it can be concluded that Studies have shown that many chemistry teachers do not 
have or lack the necessary knowledge and understanding to implement IBL strategies effectively in their classrooms 
(Chichekian et al., 2016) . Apart from that, there are several other factors related to the implementation of IBL. 
1. Limited Teacher Training. Many chemistry teachers receive minimal or no formal training in IBL during their 
pre-service education. As a result, they may lack the necessary pedagogical knowledge and skills to design and 
facilitate inquiry-based activities effectively (Ramnarain, 2016) . 
2. Traditional Teaching Approach. Chemistry education has historically relied on traditional lecture-based instruction, 
which emphasizes content delivery rather than student-centered learning (Eltanahy & Forawi, 2019; Pongsophon & 
Herman, 2017). This traditional approach can hinder teachers' ability to adopt and implement IBL strategies. 
3. Lack of Resources and Support. The application of IBL in chemistry classes requires access to appropriate 
resources, such as laboratory equipment, materials, and technology (Eltanahy & Forawi, 2019). However, the limited 
availability of these resources, coupled with inadequate support from school administration, can discourage teachers 
from using IBL (Orosz et al., 2023). Therefore, the availability of teachers with resources and training is needed to 
create meaningful inquiry experiences for students (Papanikolaou et al., 2014). 
4. Assessment Challenge. Assessing student learning in inquiry-based settings is a complex process, as it requires 
teachers to move away from traditional summative assessment towards formative assessment methods 
(Spronken-Smith, 2005) that focus on process skills and critical thinking. The lack of knowledge and experience in 
designing and evaluating these assessments can be an obstacle for chemistry teachers. 
4.3 RQ 3: What Are Teachers' Expectations for Self-Development Related to Inquiry? 

 
 
 
 
 
 
 
 
 
 

Figure 10. Respondents' Expectations of Materials That Need to Be Developed 
 
The solutions that can be offered to overcome the gaps that can be considered from respondents’ expectation on 
self-development related to inquiry. In the table 3, the most revealed expectation is the training that provides 
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prospective teachers provisions of models and methods learning related to IBLs. Another respondents’ expectation is 
that this training includes its application in class. On another question related to respondents’ expectations of 
materials needed to be developed, can be seen in Figure 10. 
The most program expected by participants is related to clear instructions on how to carry out inquiry in classroom. 
This can be seen that most of respondent choose the option of ability to make plans learning (82.5%), instructional 
material design (50.8%), and assessment (73.0%). Respondents’ willing to get explanation about inquiry 
theoretically is massive also, especially related to basic concepts of inquiry (55.6%) and inquiry learning procedures 
(61.9%). 
These expectations show the necessity of pedagogical content knowledge related to inquiry as equipment for 
prospect chemistry teachers. Pedagogical content knowledge (PCK) is a framework that describes the knowledge and 
skills teachers need to teach a particular subject effectively. In the context of chemistry education, PCK refers to the 
knowledge and skills needed by chemistry teachers to teach chemistry concepts effectively. PCK was first proposed 
by Shulman (1986) which offers a different kind of knowledge which is an amalgam of content and pedagogical 
knowledge. Furthermore, one of the earliest studies of PCK in chemistry education was conducted by 
(Gess-Newsome, 1999). They developed a framework for PCK in chemistry that includes knowledge of students' 
prior knowledge, common misconceptions, and effective teaching strategies. They found that teachers who had a 
strong PCK understanding were better able to help their students understand difficult chemistry concepts. 
Since then, many studies have been conducted on PCK in chemistry education. For example, a study by (Taber & 
García-Franco, 2010) found that teachers who have a strong understanding of PCK are better able to help their 
students understand abstract concepts of chemistry. Another study by (Kind, 2014) also strengthens that teachers 
who have a strong PCK understanding are better able to help their students develop an in-depth understanding of 
chemistry concepts (Gess-Newsome, 1999). The direct effect of programs that focus on PCK is also known to 
improve teachers' ability to develop their PCK (Eilks & Markic, 2011; Park & Oliver, 2008) . 
Despite the growing popularity of inquiry-based learning in chemistry education, there is limited understanding of 
how PCK can be effectively integrated into this instructional approach. Based on this, there is a need for professional 
development for chemistry teachers in developing their PCK for inquiry-based learning. Professional development 
programs that focus on improving teachers' PCK can play an important role in improving their learning practices.  
Knowledge in PCK also includes skill. Therefore, hereinafter it can be referred to as ability, and because it is related 
to inquiry as its content, this PCK is referred to as pedagogical inquiry competencies (PIC).  
From the description above, it can be concluded that there are some good practices have to be offered as solution, 
namely 
1. Professional Development related to Inquiry. It is suggested that teachers may face difficulties in managing the 
inquiry process, providing adequate support, and assessing student learning outcomes (Baan et al., 2023). Therefore, 
continuous professional development and support for teachers is essential to overcome the obstacles encountered and 
ensure the successful implementation of IBL. 
2. Utilization of scaffolding in learning. Scaffolding is very important to support the student inquiry process (Levrini 
et al., 2019) that providing clear guidelines, modeling inquiry skills, and gradually reducing support can help 
students develop autonomy and become proficient in inquiry-based learning. 
3. Creating a supportive classroom environment is very important. The study by (Pedaste et al., 2015) emphasize the 
importance of fostering safe and inclusive spaces where students feel comfortable asking questions, taking risks, and 
engaging in collaborative discussions. Teachers should also provide timely feedback and reflection opportunities to 
improve students' metacognitive skills(Kipnis & Hofstein, 2008) 
In relation to this RQ3 answer, the development of learning or training models that target PIC is appropriate 
solutions to offer. It is congruent with Chichekian et al. (2016) that a teacher-education challenge is to scaffold new 
teachers to enact inquiry-based instruction. It is also suggested that academic teacher education programmes should 
not focus only on developing inquiry skills but also on how to apply these skills in the context of a school 
organization (Baan et al., 2023). 
 
5. Conclusion 
From the data analysis, it can be concluded that, 1) it is still needed to improve teachers’ inquiry and IBL 
understanding. There are still many teachers who relate inquiry with discovery learning, as well associate inquiry to 
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laboratory activities. In case of classroom implementation, there are many of the inquiry steps not as they should be. 
Some misconceptions about inquiry Still held by chemistry teachers in the field, 2) the lack of knowledge and skills 
can be seen as the main factor of the gap in the implementation of IBL in schools. 3) the development of learning or 
training models that target PIC is appropriate solutions to offer. 
 
References 
Baan, J., Gaikhorst, L., & Volman, M. (2023). Professional development in inquiry-based working; the experiences of 

graduates from academic teacher education programmes. European Journal of Teacher Education, 46(1), 
114-133. https://doi.org/10.1080/02619768.2021.1892071 

Capps, D. K., Shemwell, J. T., & Young, A. M. (2016). Over reported and misunderstood? A study of teachers’ 
reported enactment and knowledge of inquiry-based science teaching. International Journal of Science Education, 
38(6), 934-959. https://doi.org/10.1080/09500693.2016.1173261 

Chichekian, T., Shore, B. M., & Tabatabai, D. (2016). First-Year Teachers’ Uphill Struggle to Implement Inquiry 
Instruction: Exploring the Interplay Among Self-Efficacy, Conceptualizations, and Classroom Observations of 
Inquiry Enactment. SAGE Open, 6(2), 2158244016649011. https://doi.org/10.1177/2158244016649011 

Creswell, J. W., & Creswell, J. D. (2018). Research design: qualitative, quantitative, and mixed methods approaches 
(5th ed.). SAGE Publications. 

Eilks, I., & Markic, S. (2011). Effects of a Long-Term Participatory Action Research Project on Science Teachers’ 
Professional Development. Eurasia Journal of Mathematics, 7(3), 149-160. 

Ekiz-Kiran, B., Boz, Y., & Oztay, E. S. (2021). Development of pre-service teachers’ pedagogical content knowledge 
through a PCK-based school experience course. Chemistry Education Research and Practice, 22(2), 415-430. 
https://doi.org/10.1039/D0RP00225A 

Eltanahy, M., & Forawi, S. (2019). Science Teachers’ and Students’ Perceptions of the Implementation of 
Inquiry-Based Learning Instruction in a Middle School in Dubai. Journal of Education, 199(1), 13-23. 
https://doi.org/10.1177/0022057419835791 

Feyzioğlu, E. Y., & Demirci, N. (2021). The Effects of Inquiry-Based Learning on Students’ Learner Autonomy and 
Conceptions of Learning. Journal of Turkish Science Education, 18(3), 401-420. 
https://doi.org/10.36681/tused.2021.81 

Gess-Newsome, J. (1999). Pedagogical Content Knowledge: An Introduction and Orientation. In N. G. 
Gess-Newsome Julie and Lederman (Ed.), Examining Pedagogical Content Knowledge: The Construct and its 
Implications for Science Education (pp. 3-17). Springer Netherlands. https://doi.org/10.1007/0-306-47217-1_1 

Idul, J. J. A., & Caro, V. B. (2022). Does process-oriented guided inquiry learning (POGIL) improve students’ science 
academic performance and process skills? International Journal of Science Education, 44(12), 1994-2014. 
https://doi.org/10.1080/09500693.2022.2108553 

Jocz, J. A., Zhai, J., & Tan, A. L. (2014). Inquiry Learning in the Singaporean Context: Factors affecting student 
interest in school science. International Journal of Science Education, 36(15), 2596-2618. 
https://doi.org/10.1080/09500693.2014.908327 

Kim, M., Tan, A. L., & Talaue, F. T. (2013). New Vision and Challenges in Inquiry-Based Curriculum Change in 
Singapore. International Journal of Science Education, 35(2), 289-311. 
https://doi.org/10.1080/09500693.2011.636844 

Kind, V. (2014). A Degree Is Not Enough: A quantitative study of aspects of pre-service science teachers’ chemistry 
content knowledge. International Journal of Science Education, 36(8), 1313-1345. 
https://doi.org/10.1080/09500693.2013.860497 

Kipnis, M., & Hofstein, A. (2008). The Inquiry Laboratory as a Source for Development of Metacognitive Skills. 
International Journal of Science and Mathematics Education, 6(3), 601-627. 
https://doi.org/10.1007/s10763-007-9066-y 

Kocagül Sağlam, M., & Şahin, M. (2017). Inquiry-based professional development practices for science teachers. 
Journal of Turkish Science Education, 14(4), 66-76. https://doi.org/10.12973/tused.10213a 

Koksal, E. A., & Berberoglu, G. (2014). The Effect of Guided-Inquiry Instruction on 6th Grade Turkish Students’ 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 13, No. 1; 2024 

Published by Sciedu Press                         295                         ISSN 1927-2677  E-ISSN 1927-2685 

Achievement, Science Process Skills, and Attitudes Toward Science. International Journal of Science Education, 
36(1), 66-78. https://doi.org/10.1080/09500693.2012.721942 

Lederman, N. G., & Lederman, J. S. (2019). Teaching and learning nature of scientific knowledge: Is it Déjà vu all over 
again? Disciplinary and Interdisciplinary Science Education Research, 1(1), 6. 
https://doi.org/10.1186/s43031-019-0002-0 

Levrini, O., Tasquier, G., Branchetti, L., & Barelli, E. (2019). Developing future-scaffolding skills through science 
education. International Journal of Science Education, 41(18), 2647-2674. 
https://doi.org/10.1080/09500693.2019.1693080 

Mckeown, T., Slattum, P., Kirk, S., & Abrams, L. (2016). Enhancing Teacher Beliefs through an Inquiry-Based 
Professional Development Program. Journal of Education in Science, Environment and Health, 2(1), 85-97. 
https://doi.org/10.21891/jeseh.30143 

Moon, A., Stanford, C., Cole, R., & Towns, M. (2016). The nature of students’ chemical reasoning employed in 
scientific argumentation in physical chemistry. Chem. Educ. Res. Pract., 17(2), 353-364. 
https://doi.org/10.1039/C5RP00207A 

National Research Council. (2000). Inquiry and the national science education standards: A guide for teaching and 
learning. The National Academies Press. https://doi.org/10.17226/9596 

Ødegaard, M., Haug, B., Mork, S. M., & Sørvik, G. O. (2014). Challenges and Support When Teaching Science 
Through an Integrated Inquiry and Literacy Approach. International Journal of Science Education, 36(18), 
2997-3020. https://doi.org/10.1080/09500693.2014.942719 

Orosz, G., Németh, V., Kovács, L., Somogyi, Z., & Korom, E. (2023). Guided inquiry-based learning in 
secondary-school chemistry classes: a case study. Chem. Educ. Res. Pract., 24(1), 50-70. 
https://doi.org/10.1039/D2RP00110A 

Papanikolaou, K., Gouli, E., & Makri, K. (2014). Designing Pre-service Teacher Training based on a Combination of 
TPACK and Communities of Inquiry. Procedia - Social and Behavioral Sciences, 116, 3437-3442. 
https://doi.org/10.1016/j.sbspro.2014.01.779 

Park, S., & Oliver, J. S. (2008). National Board Certification (NBC) as a catalyst for teachers’ learning about teaching: 
The effects of the NBC process on candidate teachers’ PCK development. Journal of Research in Science 
Teaching, 45(7), 812-834. https://doi.org/10.1002/tea.20234 

Pedaste, M., Mäeots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T., Manoli, C. C., Zacharia, Z. C., 
& Tsourlidaki, E. (2015). Phase of inquiry-based learning: Definitions and the inquiry cycle. Educational 
Research Review, 14, 47-61. https://doi.org/10.1016/j.edurev.2015.02.003 

Pike, S., Austin, S., Greenwood, R., & Bacon, K. (2023a). Inquiry in teacher education: experiences of lecturers and 
student teachers. Irish Educational Studies. https://doi.org/10.1080/03323315.2023.2189139 

Pike, S., Austin, S., Greenwood, R., & Bacon, K. (2023b). Inquiry in teacher education: experiences of lecturers and 
student teachers. Irish Educational Studies, 0(0), 1-18. https://doi.org/10.1080/03323315.2023.2189139 

Pongsophon, P., & Herman, B. C. (2017). A theory of planned behaviour-based analysis of TIMSS 2011 to determine 
factors influencing inquiry teaching practices in high-performing countries. International Journal of Science 
Education, 39(10), 1304-1325. https://doi.org/10.1080/09500693.2017.1328620 

Ramnarain, U. (2016). Understanding the influence of intrinsic and extrinsic factors on inquiry-based science 
education at township schools in South Africa. Journal of Research in Science Teaching, 53(4), 598-619. 
https://doi.org/10.1002/tea.21315 

Rauschenbach, I., Keddis, R., & Davis, D. (2018). Poster Development and Presentation to Improve Scientific Inquiry 
and Broaden Effective Scientific Communication Skills. Journal of Microbiology &amp; Biology Education, 
19(1). https://doi.org/10.1128/jmbe.v19i1.1511 

Rothwell, W. J., Benscoter, G., King, M., & King, S. B. (2015). An Overview of Instructional Design. In Mastering the 
Instructional Design Process (pp. 1-16). John Wiley & Sons, Ltd. https://doi.org/10.1002/9781119176589.ch1 

Shahat, M. A., Ambusaidi, A. K., & Treagust, D. F. (2022). Omani Science Teachers’ Perceived Self-Efficacy Beliefs 
for Teaching Science as Inquiry: Influences of Gender, Teaching Experience, and Preparation Programme. 
Journal of Turkish Science Education, 19(3), 852-871. https://doi.org/10.36681/tused.2022.153 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 13, No. 1; 2024 

Published by Sciedu Press                         296                         ISSN 1927-2677  E-ISSN 1927-2685 

Shulman, L. (1986). Those Who Understand: Knowledge Growth in Teaching. Educational Researcher, 15(2), 4-14. 
https://doi.org/10.3102/0013189X015002004 

Spronken-Smith, R. (2005). Implementing a Problem-Based Learning Approach for Teaching Research Methods in 
Geography. Journal of Geography in Higher Education, 29(2), 203-221. 
https://doi.org/10.1080/03098260500130403 

Strat, T. T. S., & Jegstad, K. M. (2022). Norwegian Teacher Educators’ Reflections on Inquiry-Based Teaching and 
Learning in Science Teacher Education. Journal of Science Teacher Education, 0(0), 1-21. 
https://doi.org/10.1080/1046560X.2022.2125623 

Swarat, S., Ortony, A., & Revelle, W. (2012). Activity matters: Understanding student interest in school science. 
Journal of Research in Science Teaching, 49(4), 515-537. https://doi.org/10.1002/tea.21010 

Taber, K. S., & García-Franco, A. (2010). Learning Processes in Chemistry: Drawing Upon Cognitive Resources to 
Learn About the Particulate Structure of Matter. Journal of the Learning Sciences, 19(1), 99-142. 
https://doi.org/10.1080/10508400903452868 

Wieselmann, J. R., Dare, E. A., Roehrig, G. H., & Ring-Whalen, E. A. (2021). “There are other ways to help besides 
using the stuff”: Using activity theory to understand dynamic student participation in small group science, 
technology, engineering, and mathematics activities. Journal of Research in Science Teaching, 58(9), 1281-1319. 
https://doi.org/10.1002/tea.21710 

Yenice, N., & Özden, B. (2022). The relationship between scientific inquiry and communication skills with beliefs 
about the nature of science of pre-service science teachers’. Participatory Educational Research, 9(1), 192-213. 
https://doi.org/10.17275/per.22.11.9.1 

 
 
Acknowledgments 
The authors greatly appreciate to Directorate of Research and Community Service, Directorate General of Higher 
Education, Research, and Technology, Indonesia Ministry of Education, Culture, Research, and Technology, for this 
research funding. 
Authors contributions 
Sukisman Purtadi (SP) were responsible for study design, data collection, and data analysis. Prof. Suyanta Suyanta 
(SS) and Prof. Eli Rohaeti (ER) were responsible for supervising and revising. SP drafted original manuscript than 
supervised and revised by Prof SS and Prof ER.  All authors have read and approved final manuscript and the 
published version of the manuscript. 
Funding 
This article was a part of the research that was funded by Directorate of Research and Community Service, 
Directorate General of Higher Education, Research, and Technology, Indonesia Ministry of Education, Culture, 
Research, and Technology, grant number: 146/E5/PG.02.00.PL/2023. Penelitian Disertasi Doktor, grant number:  
T/13.60/UN34.9/PT.01.03/2023. 
Competing interests 
The authors declare that they have no known competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 
Informed consent 
Obtained. 
Ethics approval 
The Publication Ethics Committee of the Sciedu Press.  
The journal’s policies adhere to the Core Practices established by the Committee on Publication Ethics (COPE). 
Provenance and peer review 
Not commissioned; externally double-blind peer reviewed. 
Data availability statement 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 13, No. 1; 2024 

Published by Sciedu Press                         297                         ISSN 1927-2677  E-ISSN 1927-2685 

The data that support the findings of this study are available on request from the corresponding author. The data are 
not publicly available due to privacy or ethical restrictions. 
Data sharing statement 
No additional data are available. 
Open access 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
 
 
 
 
  


