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ABSTRACT 

The study investigated development of 30 senior-secondary school physics teachers’ knowledge of content and students’ 

conceptions using agent-based modelling (Netlogo). The data collection procedures involved interviews and a workshop. 

The findings illustrated that teachers lacked an in-depth conceptual understanding of the microscopic behaviour of 

particles and failed to provide adequate opportunities to students to visualise microscopic phenomena. Through an 

engagement with hands-on explorations, teachers explored how interactions between individual agents resulted in 

complex dynamic phenomena. The workshop resulted in a substantial growth in not only teachers’ subject-matter 

knowledge but also knowledge of learners’ difficulties and addressing them through agent-modelling approach.  
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INTRODUCTION 

As envisaged in National Curriculum Framework (2005), the teaching-learning approach in science should go 

beyond the traditional textbook-centric approach and help children to explore, understand and express their 

experiences, contribute to development of conceptual understanding, attitudes and skills by realistically relating the 

ideas to their daily lives. Accomplishing this objective requires a shift in pedagogue’s role towards a reflective 

practitioner who develops his/her knowledge-of-practice through engagement with (Cochran-Smith, Lytle, 1990).It 

has come to be widely admitted by educationists that teachers need to possess a specialized ‘knowledge for science 

teaching’ which is distinct from their content knowledge. This specialized knowledge of teachers, known as 

Pedagogical Content Knowledge (PCK) (Shuman, 1986) results from an amalgamation of content as well as 

pedagogical knowledge and the teacher uses this knowledge to transform the subject matter into pedagogically 

powerful forms in order to facilitate students’ learning (Cochran, 1997). This specialized knowledge for teaching 

guides teachers in making decisions about content, instructional strategies to engage learners with diverse needs and 

abilities as well as choosing the assessment strategies to assess students’ learning. Moreover, this domain of teacher 

knowledge also includes an understanding of students’ prior conceptions that students bring to the classroom, their 

learning difficulties as well as alternative conceptions (Shulman, 1987). Strengthening teachers’ PCK requires both 

pre-service and in-service teacher education programs to become more responsive towards preparing teachers 

adequately in content as well as pedagogy. Highlighting the need for firming up the knowledge base of teachers, 

National Curriculum Framework for Teacher Education [NCFTE 2009] emphasizes that teachers’ subject matter 

knowledge, pedagogical skills required to meet the needs of diverse learning situations, level of commitment to the 

profession and the willingness to learn new methodologies critically influence the nature of curriculum transaction 
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in classrooms. Although several research studies have indicated the need for strengthening teachers’ PCK (eg. Adams and 

Krockover, 1997), the literature on the strategies and tools for enhancing teachers’ topic-specific PCK is inadequate. This 

paper explores the use of agent-based modeling environment, Netlogo (Wilensky, 1999), for enhancing teachers’ content 

and pedagogical understanding for teaching of the microscopic world. The constraints involved in demonstration of 

microscopic interactions in a traditional physics laboratory makes it challenging for both teachers as well as learners, thus, 

highlighting the need of evolving innovative pedagogical strategies. Agent-based modeling involves simulating 

interactions of autonomous entities resulting in complex emergent phenomena at the level of a system (Jacobson 

&Wilensky, 2006). Through visualization of the dynamic interactions between agents, this approach allows one to observe 

the behavior of agents and the complex patterns emerging from these interactions, thus, developing insights into natural as 

well as social phenomena (Wilensky&Reisman, 2006). This wide recognition of the pedagogical effectiveness of the 

agent-based modeling in explicating the emergent systems has attracted the attention of educationists and researchers 

working in the field of science education(Yoon, Goh& Park, 2018). 

RESEARCH QUESTIONS 

This study aimed to explore and develop the pedagogical content knowledge (PCK) of physics teachers in the domain of 

Kinetic Theory of gases to understand the complex ways in which teachers think about how particular science content 

could be addressed in the context of a classroom. Particularly, two components of PCK- knowledge of content and 

students’ topic-specific conceptions - were explored in this study. 

The following research questions guided the present study: 

 What is teachers’ knowledge of content and students’ conceptions regarding Kinetic Theory of gases?  

 How can agent-based modeling help in enhancing teachers’ topic-specific knowledge of students’ conceptions?  

METHOD 

Research Context and Data Collection 

The present study was a part of a larger study on exploring teachers’ understanding of students’ conceptions in physics. 

The participants of this study included 30 physics educators teaching senior-secondary classes in government as well as 

private schools in Delhi. While 10 teachers were from government schools with a teaching experience of 5-20 years, the 

remaining 20 teachers were in private schools with a teaching experience of 8-25 years. All the teachers had a master’s 

degree in Physics and bachelor’s degree in education. A couple of teachers had a master’s degree in education as well. The 

data collection of this qualitative study was done in two phases. In the first phase, an interview was conducted with 

teachers to assess their pedagogical content knowledge. This involved exploring teachers’ content knowledge about kinetic 

theory of gases, knowledge of learners’ alternative conceptions and learning difficulties and the pedagogical strategies 

adopted by teachers to address students’ alternative conceptions regarding the behavior of microscopic particles. The 

duration of each interview was 1-1.5 hours. This was followed by the second phase of the study which involved 

introducing teachers to modeling of emergent phenomena using Netlogo in a 3-day workshop. To assess the change in their 

pedagogical content knowledge, the intervention was followed by an interview of each participant. The interpretative 

perspective guided the analysis of data. As characterized by Smith (1995), “While one is attempting to capture and do 

justice to the meanings of the respondent, to learn about his or her mental and social world, those meanings are not 
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transparently available, they must be obtained through a sustained engagement with the text and a process of 

interpretation”. So, an attempt was made to identify the patterns emerging in the statements made by the participants and 

categorize the data through an iterative process during which an attempt was made to compare the responses of all the 

participants with one another as well as with the theoretical ideas.  

Design of the Workshop 

The overall purpose of the workshop was to enhance teachers’ PCK. Specifically, the sessions focused on illustrating 

students’ learning difficulties and alternative conceptions associated with kinetic theory of gases (gathered through 

questionnaires given to 170 students of various schools). Further, the workshop involved interactive, hands-on sessions on 

exploring how the Netlogo simulations could be a powerful tool in addressing students’ alternative conceptions through 

visualization of the dynamic behavior of particles. Each session comprised tasks that allowed teachers to engage in inquiry 

and predict the relationship between variables affecting gas behavior. This paper elaborates engagement with three Netlogo 

models constructed/adapted by the researcher aiming at explication of the following three cases-understand the behaviour 

of molecules when heat is added to the gas; predict the behaviour of molecules when gas expands into empty space and 

examine the behaviour of molecules when two gases a mixed together. The interaction with teachers during the sessions as 

well their responses before and after the workshop were recorded to analyse the appropriateness of the tool in addressing 

students’ alternative conceptions.  

The model, Heat, was used to explain how the presence of an external source of heat affected the behaviour of the 

gas in a container with thermally conducting walls. Questions such as how does the particle behaviour change with only 

one wall heated instead of all walls heated, what will happen to the average kinetic energy per molecule when heat is 

provided to gases with different volumes helped to probe the model extensively. The next model, Gas in a box, explored 

the relationship of average kinetic energy of the gas with the number of the molecules and allowed the teachers to infer 

how number of the molecules did not affect the average kinetic energy with which the molecules moved, thus, supporting 

the mathematical expression of average kinetic energy of gas molecules. The third model, Two Gases, allowed participants 

to visualize and infer how two gases with different masses and average kinetic energies would gradually arrive at a thermal 

equilibrium on mixing. 

FINDINGS 

Relation between Number of Molecules and Average Kinetic Energy per Gas Molecule 

During the pre-workshop interview, teachers were presented with the situation in which they were asked to predict 

students’ response to the change in the average kinetic energy of the molecules with the increase in the number of 

molecules if the gas temperature remains constant. 

The following table summarizes teachers’ responses before and after the workshop. As shown, the views of 

teachers before the workshop were quite divided with 11 teachers responding that their students would opt for ‘decrease in 

average kinetic energy per molecule’. One teacher said, “if we are increasing the number of molecules, the average kinetic 

energy will decrease because the energy which was first being distributed within say, 10 molecules is now being 

distributed among 20 molecules“. Another teacher commented, “students would say that collisions will increase so 

average kinetic energy per molecule will decrease”.  

Table 1: Pre-and Post-Workshop Responses of Teachers to Change in Average Kinetic Energy of Gas with Number 
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of Molecules 

Response 
No. of Teachers (Pre-

Workshop) 

No. of Teachers 

(Post-Workshop) 

Students will say that the average kinetic energy per 

molecule will increase. 
8 (26%) 2 (6%) 

Not sure of their response 6 (20%) 0 

Students will say that the average kinetic energy per 

molecule will decrease. 
11 (36%) 26 (86%) 

Students will say that the average kinetic energy per 

molecule will remain same. 
5 (17%) 2 (6%) 

 

It is important to note that most of these teachers presumed this response of students to be correct. The teacher 

said, “Yes, this response is correct. Students apply logic before they apply physics. This is the logical response”. This 

indicated that students’ alternative conceptions were same as that of their teachers and illustrated how the lack of 

conceptual understanding of teachers about the microscopic behavior of particles is often transferred to students. Very few 

teachers (5) felt that their students will be able to arrive at correct reasoning that average energy per gas molecule would be 

independent of the number of molecules and thus, remain same. Interestingly, a teacher commented, “Students may say 

that the average kinetic energy per molecule will remain same as temperature is same but if the molecules are increasing, 

the average kinetic energy per molecule should decrease as the motion is getting restricted”. She asserted that the 

predominant response among her students (average kinetic energy per molecule remains same) is scientifically incorrect, 

reaffirming the evidence for the lack of comprehensive understanding of concepts among teachers. Significant number of 

teachers commented that they could not predict students’ response as they don’t do such conceptual problems in class. She 

said, “See, in this, we don’t ask conceptual question. I would like to leave the question” indicating the emphasis on 

numerical and derivations in physics classroom. 

Moreover, when asked to explicate the pedagogical strategy they would use to address students’ alternative 

conceptions regarding the factors influencing the average kinetic energy of the gas, all the participants responded that they 

would correct the students by ‘telling’ the right answer. One participant replied, “I would explain the correct answer to the 

students”. While such responses revealed the teachers’ inability to suggest an alternate pedagogical strategy to help 

students in visualization, the emphasis on getting at the ‘right answers’ without probing students’ reasoning and alternative 

conceptions was found to be predominant in their responses. 

During the workshop sessions, teachers explored the relationship between volume of the gas and the average 

kinetic energy of the gas molecules by varying the size of the box while the other variables were kept constant. Finding 

these explorations overwhelming, a teacher responded, “This is so interesting. We can explain the concepts very easily to 

our students using these models”. As shown in Table 1, a significant shift was found in teachers’ knowledge with 26 

teachers predicting students’ response and providing correct conceptual reasoning. A teacher said, “We saw in the model, 

the average kinetic energy per molecule was only changing with temperature and not with the number of molecules. 

Students can be made to visualize using this model”. 

Interdependence of Heat, Average Kinetic Energy and Number of Gas Molecules 

The teachers were presented a situation in which equal amount of heat is supplied to two containers with different number 

of gas molecules but same volume and initial temperature. They were asked to state their response to a student who claims, 
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“Average kinetic energy per molecule will be same in both as volume is directly proportional to temperature”. 

The teachers’ responses (Table 2 given below) showed 17 teachers were able to identify the error in students’ 

reasoning and point out towards the wrong application of the ideal gas law while 9 teachers found students’ reasoning to be 

correct. A teacher said, “In ideal gas law, we have to consider other parameters constant. Here, number of molecules is not 

constant”.  

Table 2: Pre-and Post-Workshop Responses of Teachers to Change in Average Kinetic Energy of Gas with Heat 

Response No. of Teachers (Pre-Workshop) 
No. of Teachers (Post-

Workshop) 

Student is incorrect as ideal gas 

law cannot be applied 
17 (56%) 30 (100%) 

Student is correct 9 (30%) 0 

Not sure 4 (13%) 0 

 

However, it was observed that even in cases where teachers were able to find the error in students’ reasoning, they 

failed to provide the correct reasoning and often related average kinetic energy per molecule with the number of collisions 

(gas pressure). A teacher commented, “Container A has more particles. The number of collisions will be more. So, 

temperature and average kinetic energy per molecule will also be more”. Teachers’ own lack of conceptual understanding 

was evident in their response. As evident from the above response, the teacher struggled to visualize the relationship 

between heat transferred to the gas and the number of molecules. This was addressed through the module where the 

teachers could change the parameters and observe the relationship between heat transferred to the gas and other variables. 

In the post-workshop interview, it was observed that all the teachers could identify the error in students’ reasoning. A 

teacher said, “Through Netlogo, students can explore that heat is distributed among the molecules, so more the molecules 

more will be their kinetic energy”.  

Association between Average Kinetic Energy Per Molecule and Free Expansion of Gas 

The effect of free expansion of gas on the average kinetic energy of the gas molecules presented an interesting context to 

initiate the discussion on the nature of gases, mass of the gas molecules and their average kinetic energy. A situation in 

which a room is divided into two halves by a valve was presented to teachers. One half of the room comprises a gas 

whereas the other half is vacuum. They were asked to respond to a student’s response who claimed that the average kinetic 

energy would increase if the valve separating the two halves is opened. Also, they were asked the ways in which they 

would demonstrate the change in average kinetic energy of the molecules due to free expansion of gas (when the valve is 

opened) to their students in the classroom. The teachers’ responses revealed that while some of the teachers (14) were able 

to infer that the students’ response was incorrect, they failed to provide an appropriate reasoning for it.  

 

 

 

 

 

Table 3: Pre-and Post-Workshop Responses of Teachers to Change in Average Kinetic  



24                                                                                                                                                                                              Shruti Chopra 

 

Impact Factor (JCC): 7.9594                                                                                                                                           NAAS Rating: 4.16 

Energy of Gas During Free Expansion 

Response 
No. of Teachers 

(Pre-Workshop) 

No. of Teachers 

(Post-Workshop) 

Student is correct as the average kinetic energy per molecule 

will increase 
13 (43%) 2 (6%) 

Student is incorrect as the average kinetic energy per molecule 

will decrease 
11 (36%) 1 (3%) 

Student is incorrect as the average kinetic energy per molecule 

will remain constant 
3 (10%) 27 

Not sure 3 (10%) 0 

 

A teacher said, “The student is wrong. The number of collisions will decrease when the valve is opened. So, 

average kinetic energy per molecule will decrease”. Here, the teacher erroneously associated collisions with the average 

kinetic energy of gas molecules. Assuming students’ response to be correct, another teacher said, “average kinetic energy 

will increase because jahanpe vacuum he molecules wahipe rush karenge” (molecules will move towards the vacuum). 

Often, the students’ alternative conception was found to be closely linked to their own flawed ideas. When asked about the 

pedagogical strategy to address students’ difficulty, a teacher said,” I will tell the students the correct answer to the 

students. It is not possible to show anything or do an experiment”. To address this conceptual as well as pedagogical 

difficulty of teachers, teachers were engaged in exploring and simulating the behaviour of two gases separated by a wall 

with an opening during the workshop. As illustrated in the Table 3 above, the responses of the teachers after the workshop 

indicated the appropriateness of the model in demonstrating the critical features and the relationship between different 

variables. 

CONCLUSIONS 

Knowledge of students’ ideas is imperative for designing a student-centered learning environment focusing on addressing 

students’ pre-suppositions that constrain the acquisition of scientific concepts. The study revealed the inadequate attention 

given by educators to understanding of students’ topic-specific difficulties which often resulted in the failure to address 

students’ alternative conceptions. Moreover, it was found that this lack of knowledge of students’ ideas was closely related 

to teachers’ own gaps in conceptual understanding of the topic. During the course of the study, the teachers developed an 

in-depth understanding of the subject-matter knowledge as well as innovative pedagogical approaches to engage students 

in scientific inquiry and address their alternative conceptions through meaningful explorations with agent-based 

representations. Agent-based modeling can mediate teaching and learning by providing teachers with computational 

objects in the context of a micro-world. The study displayed the effectiveness of explorations using Netlogo in developing 

the topic-specific pedagogical content knowledge of physics teachers. 
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