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ABSTRACT 
In Grade 10, learners had difficulty in characterising the three states of matter, solid, liquid 

and gas. Subsequently, the change in states of matter is too abstract and the behaviour of 

the particles is microscopic in nature. Due to lack of relevant resources in the school where 

I am teaching in Sekhukhune East District, physics education technology (PhET) 

simulations were used to visualise the behaviour of the particles. This assisted learners to 

track the behaviour of the particles that was too impossible to see with the naked eye. The 

theory that guided this study was the scientific discovery as dual search (SDDS) which has 

three tenets: the search hypothesis, the search experiment and evaluating the evidence. 

The qualitative approach was employed under the auspices of the exploratory case study 

by Merriam. At the same time, Grade 10 learners (n=40) were purposively sampled. Three 

instruments were used to collect data such as documents, semi-structured interviews and 

observations. Furthermore, data were coded using axial coding to come up with a coding 

scheme. Inductive thematic analyses were employed and themes emerged. The results 

were evaluated using the literature and theoretical framework, and principal findings were 

generated as follows: learners were able to exhibit scientific reasoning skills by visualising 

the behaviour of the particles. Subsequently, through the use of PhET simulations, the 

behaviour of the particles that were unclear was now visualised by learners. On the one 

hand, it is now clear that learners exhibit, predict, analyse, interpret, evaluate and make 

informed inferences when learning states of matter using PhET simulations. On the other 

hand, they were unable to characterise the states of matter when confronted with the 

simultaneous use of prediction, analysis, interpretation, evaluation and making inferences. 

Based on the findings of the study, the following recommendations were made. First, it was 

suggested that the teaching and learning of states of matter should use PhET simulations 

to visualise microscopic properties of states of matter. Second, there should be learning 

intervention that will address the simultaneous achievement of scientific reasoning skills. 

Hence, future studies should focus on how learners can be capacitated with the necessary 

knowledge to exhibit scientific reasoning skills concurrently. 
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CHAPTER 1 

ORIENTATION TO THE STUDY 
1.1 Introduction  

The main goal of this study was to explore scientific reasoning skills of state of matter 

using physics education technology (PhET). In this chapter, I present the background of 

the study followed by problem statement, the purpose of the study, research questions, 

research methodology, significance of the study and research setting.  

1.2 Background and motivation  

Firstly, the background of this study will explain three states of matter, solid, liquid and 

gas. The similarities and differences between the three states of matter will be addressed. 

Subsequently, characteristics of the three states of matter will be stated on subtopics such 

as particles, volume, temperature, size, pressure and density for each state. Secondly, 

the importance of states of matter in a real-life situation will be stressed. Thirdly, scientific 

reasoning skills will be explained in detail. Fourthly, scientific reasoning skills such as 

prediction, analysis, interpretation, evaluation and making inferences and benefits of 

developing scientific reasoning skills and other related skills will be explained in detail. 

Fifthly, PhET simulations, the importance e of PhET, how PhET has been used and why 

there is PhET simulation in the learning three states of matter will be discussed.  

Sustainable development goals (SDG) are plan of action for people, planet and 

prosperity (Guang-Wen et al., 2023). The study is aligned with sustainable development 

goals of ensuring inclusive, equitable quality education and promote lifelong learning 

opportunities for all. First, inclusive is when all learners are included and participate in the 

learning process regardless of background and disability (Shutaleva et al., 2023). 

Second, equitable quality education is when learners are treated the same in the teaching 

and learning, in this study the school is using WIFI and the gadgets of the school to 

observe the behaviour of the particles (Sánchez-Santamaría et al., 2023). Subsequently, 

through the use of PhET simulations learners are able to receive equitable quality 
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education. At the same, they are able to observe the change in states of matter through 

PhET simulation. Results in learners achieving the goals of ensure inclusive, equitable 

quality education and promote lifelong learning opportunities for all. To use PhET 

simulation in the learning, all learners are included in the learning process. Consequently, 

all learners were not allowed to buy data to access the PhET simulation. Additionally, the 

school is responsible to buy data to access the PhET simulation to include all learners in 

the learning and teaching process. PhET simulation help learners at Seotlong Circuit, 

Sekhukhune East District, in Limpopo South Africa to learn the change in states of matter 

easily. All in all, learners were achieving the sustainable development goals of ensure 

inclusive, equitable quality education and promote lifelong learning. 

1.2.1 States of matter  

Solid, liquid and gas in various agglomeration states differ from each other in terms of 

mechanical and other properties like the behaviour of the particles (Clerc et al., 2020).  

Different states of matter came into existence due to varied forces on particles. The 

various states of matter consist of particles that are microscopic, and therefore cannot be 

observed with the naked eye (Treaqust et al., 2010). However, the use of suitable 

microscopes can allow a much clearer observation of particles. At the same time, when 

the temperature is applied on the experiments related to solid, liquid and gas, there are 

transitions in state of matter. Therefore, the state of the particles depends on the 

temperature they are exposed to. For example, a solid-state particle can transit to liquid 

state at elevated temperature. Moreover, when the temperature keeps on increasing, the 

liquid state particles can further be converted into gaseous state (Cockrell et al., 2021). 

Additionally, liquids have a finite cohesion energy, and gas occupies all available volume, 

and occupies a finite volume within a container. This shows that when the temperature 

increases, there is a simultaneous increase in kinetic energy: the more kinetic energy, the 

more particles occupy large space (Trachenko et al., 2021). Kinetic energy posits the 

amount of work that accelerates particles from stationary positions to quantified velocities 

(Kalhor & Mehrparvar, 2020). 
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One of the most important prerequisites for a change of state of matter to occur is 

a change in the temperature of a substance (Zheng & Zhang, 2023).  Apart from this, 

state of matter is a topic in chemistry whereby learners require in-depth knowledge of the 

particular nature of matter to understand the actual processes that take place at a sub-

microscopic level (Mahanan et al., 2021). Additionally, Mahanan et al. (2021) indicated 

that the learning of states of matter can be meaningful if they are engaged in a STEM 

activity that allows them to relate the conceptual knowledge with real-life experiences. 

Learners have to understand the behaviour of particles in liquid states, as well as the 

motion, the size and dispersion of the particles in liquid. Consequently, solid states can 

be observed whether learners meet those expectations or not. Even so, to teach the state 

of matter, teachers use a mind map since the topic is too abstract to teach without 

performing experiments (Ganiev, 2021). 

� Solid 

“Solid" can refer to a state of matter where particles are tightly packed together and 

maintain a fixed volume and shape (Weart, 2019). In this state, atoms or molecules are 

closely bonded and have little freedom of movement. Subsequently, solids generally have 

definite shapes and volumes, and resist changes in shape and volume when subjected 

to external forces (Schmidt et al., 2019).  Examples of solids include ice, wood, metal, 

and rock. In the context of states of matter, "solid" refers to one of the three primary 

phases alongside liquid and gas. Solids have a definite shape and volume, meaning they 

maintain both the shape and volume of their container (Martin, 2019). The particles in a 

solid are closely packed together and have limited mobility, vibrating around fixed 

positions. This arrangement results in a rigid structure. Common examples of solids 

include ice, wood, metal and stone. 

� Liquid 

A liquid is one of the three fundamental states of matter alongside solid and gas. Liquids 

have a definite volume but take the shape of their container (Wiltgen, 2022). In contrast 

with solids, the particles in a liquid are not arranged in a fixed pattern but are still close 

together and have more freedom of movement compared to solids (Weart, 2019). This 
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allows liquids to flow and take the shape of their container. The particles in a liquid are in 

constant motion, but they are still attracted to each other, giving liquids their characteristic 

ability to maintain a surface tension (Cockrell et al., 2021). Examples of liquids include 

water, oil, milk and alcohol but differ with viscosity. 

� Gas 

In the context of states of matter, "gas" refers to one of the three primary phases alongside 

solid and liquid (Cassidy et al., 2023). Consequently, gases have neither a definite shape 

nor a definite volume (Guo & Pfau, 2021). Instead, a gas expands to fill the entire volume 

of their container, taking on its shape. The particles in a gas are much more spaced out 

compared to those in solids or liquids, and they move freely in all directions (Michael et 

al., 2020). Furthermore, gases are highly compressible and can expand indefinitely when 

not confined. Examples of gases include oxygen, nitrogen, helium and carbon dioxide. 

� Significance of solid, liquid and gas in Physical Sciences 

Solid, liquid and gas states of matter are fundamental concepts in physical sciences due 

to their distinct properties and behaviours (Proctor, 2020). Understanding these states is 

crucial for a variety of reasons: 

� Solids 

Solids have a fixed shape and volume. Their molecules are closely packed in a regular 

pattern, giving them structural rigidity and resistance to deformation. This makes them 

crucial for studying materials science, crystallography and mechanics. 

� Liquids 

Liquids have a fixed volume but no fixed shape, conforming to the shape of their 

container. Their molecules are close together but can move past one another, making 

them essential for studying fluid dynamics, hydrodynamics and various chemical 

reactions. 
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� Gases 

Gases have neither a fixed shape nor volume, expanding to fill their container. Their 

molecules are widely spaced and move freely, which is key for studying thermodynamics, 

aerodynamics and kinetic theory. 

� Phase Transitions 

Understanding how matter transitions between solid, liquid and gas (e.g., melting, 

freezing, evaporation, condensation) is crucial for studying thermodynamics, heat 

transfer, and energy changes in physical and chemical processes. 

� Material Properties 

Different states of matter exhibit unique physical properties. For example, density, 

viscosity and compressibility. These properties are essential for designing and utilising 

materials in engineering, manufacturing and technology development. 

� Behaviour of Matter 

The behaviour of solids, liquids and gases under various conditions (e.g., temperature, 

pressure) is fundamental for understanding natural phenomena and processes in 

chemistry, physics and earth sciences. This includes weather patterns, geological 

formations, and the behaviour of different substances in different environments. 

� Applications in Technology and Industry 

Many industrial processes rely on the manipulation of solids, liquids and gases. For 

instance, metallurgy involves solid-state reactions, petrochemical refining deals with 

liquid mixtures, and gas laws are crucial for the design of engines and refrigeration 

systems. 
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� Biological Systems 

Biological systems rely on the properties of all three states of matter. For example, the 

human body contains solid structures (bones), liquids (blood) and gases (oxygen and 

carbon dioxide), each playing a vital role in physiological processes. 

� Scientific Research 

Research in physical sciences often involves studying the properties and interactions of 

matter in different states to develop new materials, understand natural phenomena and 

create innovative technologies. 

In summary, the states of matter, solid, liquid and gas are fundamental to the physical 

sciences due to their distinct properties and the critical role they play in natural processes, 

technological applications and scientific research. Understanding these states and their 

transitions provides a foundation for exploring and manipulating the material world. 

 1.2.2 Scientific reasoning skills 

Scientific reasoning skills involve analysing or problem solving, planning experiments, 

drawing conclusions, making inferences, generalising, evaluating and proving (Mariana 

et al., 2018). Learners need to develop the above-mentioned skills. Furthermore, a 

scientific reasoning skill is significant in research pertaining to science since it guarantees 

the efficient execution of experiments, testing of hypotheses, data analysis, and the 

derivation of conclusions (Zulkipli et al., 2020). Specifically, the study used a scientific 

inquiry to explore scientific reasoning skills in learning the behaviour of particles in state 

of matter. More, Kundariati and Rohman (2020) highlighted that the scientific approach 

requires coherence between observing skills, asking, gathering and analysing 

information, associating and making inferences. In this study, learners explored scientific 

reasoning skills such as observing, asking questions and making inferences on the 

behaviour of the particles in state of matter using PhET simulations. These skills are seen 

as significant with regard to scientific education as well as the framework of cognitive 

development (Nyberg et al., 2020). Scientific reasoning is a multifaceted concept that 

encompasses various elements like conducting experiments, analysing data, and 
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comprehending the essence of science, and has been suggested as being a kind of 

problem-solving. In this way, it solved why the topic of state of matter is too abstract to 

teach and learn, specifically the behaviour particles of solid, liquid and gas (Khan & Krell, 

2021). 

Scientific reasoning may include thinking skills involved in research, 

experimentation, evaluation of evidence, inferences and discussions made for conceptual 

changes and academic understanding (Zimmerman, 2019). It is the application of 

scientific reasoning skills to support a specific finding in research (Zimmerman, 2019). If 

learners can harness scientific reasoning skills, they will be able to grasp the change in 

state of matter. Furthermore, learners are enabled for experimentation, verifying 

hypotheses and interpreting data (Zimmerman, 2007). At the same time, in their early 

grades, learners are required to make logical connections between experiments, data and 

hypotheses (Zhou, 2016). Therefore, scientific reasoning skills involve many aspects 

such as analysing problems, planning experimentations, conjecturing, generalising proofs 

and reaching conclusions (Mariana et al., 2018). The current study focused on a few 

scientific reasoning skills such as prediction, data interpretation, analysing, evaluating, 

making inferences and drawing conclusions.  

� Scientific reasoning skills such as prediction, analysis, interpretation, evaluation 

and making inferences should be exhibited by learners 

In this study, the focus is on prediction, analysis, interpretation, evaluation and making 

inferences as scientific reasoning skills, which includes thinking and reasoning skills 

involved in a scientific inquiry for knowledge development and revision, such as the ability 

to systematically explore a problem, formulate and test hypotheses, manipulate and 

isolate variables, and observe and evaluate consequences (Bao et al., 2022). 

Consequently, the evaluation of evidence as bearing on the tenability of a theory is 

another important process skill necessary for scientific investigation (Zimmerman, 2007). 

Additionally, scientific reasoning in this study refers to a rational thinking process based 

on prediction, analysis, interpretation, evaluation and making inferences, as aspects of 
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reasoning competence (Yanto et al., 2019). Hence, learners need to execute scientific 

reasoning skills to be able to solve physical sciences assessments. 

� Importance of scientific reasoning skills in physical science 

� Critical Thinking 

Prediction, analysis, interpretation, evaluation and making inferences help individuals 

evaluate information critically, question assumptions, and make informed decisions (Luo 

et al., 2020). More importantly, this is essential not only in scientific research but also in 

everyday problem-solving and decision-making. 

� Evidence-Based Understanding  

Scientific reasoning skills emphasise the importance of evidence. It teaches individuals 

to rely on empirical data rather than anecdotal evidence or personal beliefs, leading to 

more accurate and reliable conclusions (Shah et al., 2017). 

� Problem-Solving Abilities 

Developing scientific reasoning skills enhances one's ability to approach problems 

methodically (Rahman, 2019). This involves formulating hypotheses, designing 

experiments, analysing data and drawing conclusions. Learners can be able to solve any 

problem when applying scientific reasoning skills. 

� Adaptability  

Science is constantly evolving. Individuals with strong scientific reasoning skills are better 

equipped to adapt to new information and technologies, stay current with advancements 

and integrate new knowledge effectively (Kalantzis & Cope, 2012). 

� Innovation and Creativity  

Scientific reasoning skills foster creativity by encouraging exploration and 

experimentation (Higuera Martínez et al., 2021). This can lead to new discoveries, 

innovations and improvements in various fields from technology and medicine to 

environmental science and engineering. 
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� Communication Skills  

By developing scientific reasoning skills, learners should be able to develop 

communication skills. Good scientific reasoning includes the ability to communicate 

findings clearly and concisely. This is important for collaborating with others, educating 

the public, and influencing policy and decision-making (Kulgemeyer, 2018). 

� Informed Citizenship 

In a world where science and technology play a significant role in societal issues, from 

climate change to healthcare, possessing scientific reasoning skills enables individuals 

to participate more fully in public discourse and make informed decisions about policies 

and practices (Grabe & Myrick, 2016). 

� Resilience Against Misinformation 

With the prevalence of misinformation, especially on social media, scientific reasoning 

skills help individuals discern credible sources from unreliable ones, reducing the spread 

and impact of false information (Rodrigo & Arakpogun, 2024). 

In summary, scientific reasoning skills are foundational for personal development, 

professional success, and active, informed participation in society. They equip individuals 

with the tools needed to navigate an increasingly complex and scientifically driven world. 

1.2.3 Physics education technology in learning states of matter 

 Learners fail to connect the state of matter and its temperature with the main challenges 

associated with changing the state of matter. (Kampeza & Delserienys, 2020). Even if 

they are familiar with changes in state of matter, it is difficult for them to visualise the 

behaviour of the particles in those different states. Sanchez et al. (2019) highlighted that 

learners pose the inability to visualise the behaviour of particles in solid, liquid and gas 

when temperature is increased. This study uses physics education technology (PhET) to 

help learners to visualise the movement of particles when the state of matter is changing 

from one state to another. Globally, PhET simulations cannot be doubted in improving 
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science learning (Banda & Nzabahimana, 2021).  In the teaching and learning process, 

PhET increases student interest in the course and improves academic performance 

(Mrani, 2020). Additionally, PhET is affordable and user-friendly. By using PhET, learners 

were able to observe and visualise what happened in particles in terms of the behaviour in 

state of matter when it changes from solid, liquid or gas to another phase. Therefore, 

physics education technology will be used to attain scientific reasoning in state of matter 

in this study. Batuyong and Antonio (2018) found that learners perform significantly better 

in physics assessments when they complete the electromagnetism section in their PhET.  

1.2.4 Development of scientific reasoning skills in learning states of matter using 

physics education technology 

Learners find it difficult to grasp scientific reasoning skills and should construct the 

reasoning for themselves (Adey & Csapo, 2012). Morris et al. (2015) concurred with the 

study above that effective scientific reasoning requires both deductive and inductive skills. 

Both studies are similar because for learners to be able to reason inductively, they need 

to observe the movement of the particle. Moreover, individuals should understand how to 

assess what is currently known or believed, develop testable questions, test hypotheses, 

and draw appropriate conclusions by coordinating empirical evidence and theory. At the 

same time, they should be able to achieve these aspects by simulating the concept using 

PhET. Furthermore, lessons that promote scientific reasoning provide plenty of 

opportunities for social construction (Adey & Csapo, 2012). That is to say, learners are 

encouraged to talk meaningfully to one another, to propose ideas, to justify them and to 

challenge others in a reasonable manner.  Harlen (2013) has shown that the adoption 

and use of inquiry-based science learning has the potential to inculcate scientific 

reasoning and thinking skills required in the 21st century. 

Learners are unable to characterise the state of matter as consequence of the 

insufficient reasoning skill when analysing the three states of matter (Sebatana & Dudu, 

2022). To repeat, learners lack a clear understanding of the behaviour of particles or 

substances during phase transition (Aboagye et al., 2019).  Similarly, in both studies 

learners are unable to analyse the phase transition when the temperature changes 
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(Aboagye et al., 2019; Graham, 2019). Similarly, they find it difficult to make a transition 

between the three states of matter (Nyanhi et al., 2012). Their reasoning at particle level 

is always appropriate (Daridowitz & Chittleborarough, 2009). Both studies show that 

learners were unable to make informed inferences. Grade 10 Physical Science learners 

do not clearly understand the behaviour of particles (Gift & Ce, 2013). For example, 

“learners who got correct responses did not have correct justification, they relied mostly 

on guessing”. This shows that for them to be able to have the correct justification, they 

need to observe the behaviour of the particle. 

1.2.5 Learning scientific reasoning skills in state of matter 

Learners need scientific reasoning skills to engage in the different activities during 

science concepts specifically in experiment topics (Bruckermann et al., 2023). Another 

study found that learners stated that they generally use reasoning skills in thinking about 

the solution to the problem (Özdeniz et al., 2023). Both studies reveal that learners need 

to harness scientific reasoning skills to be able to grasp particular concepts. Hence the 

two studies are similar to each other, but learners still do not grasp the change in states 

of matter because of the lack of scientific reasoning skills to solve science concepts. In 

contrast with both studies, learners learn scientific reasoning skills better when learning 

stereochemistry because they use multimedia to visualise concepts (Kusumaningdyah et 

al., 2023). Similarly, in this study, learners used PhET to visualise the change in state of 

matter to observe what is unseen using the naked eye. Therefore, they were able to 

conclude about the behaviour of particles in three states of matter through PhET. Contrary 

to this, another study showed that learners were able to work on the category of scientific 

reasoning well, especially in the correlational reasoning pattern using case base learning 

(Wati & Sunarti, 2020). This shows that they learn effectively if there are effective tools to 

deliver the concept state of matter. Hence, the case-based learning (CBL) was used to 

learn scientific reasoning skills to understand the sound of simple harmonic vibration. 

Similarly, learners visualised three states of matter using PhET simulation. In another 

study, learners stated that quiz-based interactive questions of measuring scientific 

reasoning skills were very interesting in learning impulse and momentum (Malik et al., 

2021). Contrary to the study, their scientific reasoning skills improved using memorisation 
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rather than discerning content through understanding to differentiate whether a substance 

is an acid or base (Zulkipli et al., 2020). Learners need to harness scientific reasoning 

skills in the visualisation of the concept. 

Scientific reasoning refers to the rational thinking process based on analysis, 

evaluation and creation as aspects of reasoning competence (Yanto et al., 2019). The 

study applies three levels of inquiry, namely, structured, guided and open inquiry to 

enhance students’ scientific reasoning competency levels to analyse, evaluate and create 

based on contextual issues. This study is supported by Arslan (2014), who argues that 

the three inquiry models have significant effects on increasing students’ learning 

outcomes. According to Zubaidah et al. (2017), there are many obstacles that only use 

one level of inquiry in a particular topic without accommodating the level of learners’ 

development. For learners to develop scientific reasoning skills, they need to observe 

what is being taught. Hence, scientific reasoning is often described as the collection of 

cognitive abilities engaged in higher-order thinking (Bhaw et al., 2023). The fact that 

learners were grappling to figure out the consistency of correct responses to the Lawson’s 

classroom test of scientific reasoning (LCTSR) indicates students’ reliance on intuitive 

reasoning instead of an explanatory scientific framework (Kriek et al., 2023). Both studies 

can show that scientific reasoning skills were very low when learners were learning 

science topics. 

Scientific reasoning skills posit various attributes such as analysis of the problem, 

experimentation, conjecturing and proving generalisations (Mariana et al., 2018). These 

scientific reasoning skills are still low in the conservation of matter by learners (Yediarani 

et al., 2019). Contrary to percentages of the higher conservation of matter and volume, 

some learners have been able to use reasoning when it comes to field of shapes.  In 

another study, findings pointed to majority of learners (61, 38%) with challenges in 

reasoning skills (Kanrzmozhi & Ganesan, 2017). Similarly, they are unable to provide 

scientific reasoning skills to understand fluid (Putri et al., 2020). This is a justification that 

the lack of reasoning skills can make the topic to be more abstract. A quasi-experiment 

study that used observations and essay tests found that scientific reasoning skills 

increase the ability by learners to analyse aspects in biology education (Yanto et al., 
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2019). These scientific reasoning skills are regarded significant for science learning as 

well as the setting of cognitive development (Nyberg et al., 2020). Furthermore, Kundariati 

and Rohman (2020) advised that the scientific approach entails striving for coherence in 

scientific reasoning skills. 

1.2.6 Benefits of developing scientific reasoning skills in learning state of matter 

Learning scientific reasoning skills using the traditional method of learning help learners 

to develop scientific reasoning skills (Abate et al., 2020). Correspondingly, studies have 

also revealed that lack of high-level reasoning is related to learners’ positivist view which 

propagates objective reality (Niaz, 2017). Both studies emphasise that learning scientific 

reasoning skills in state of matter is not all about recalling and remembering what the 

teacher taught but is about constructing reasoning through visualisation. Indeed, science 

topics need to be demonstrated to improve learners’ scientific reasoning skills (Hartmann 

et al., 2015). Similarly, in this study, PhET was used to demonstrate the behaviour of state 

of matter to improve scientific reasoning skills. Contrarily, problem-based learning (PBL) 

has been used to improve scientific reasoning skills (Wulandari & Shofiyah, 2018). In 

comparison, the learning of PBL focuses on the problems that make students to develop 

their own knowledge, and their inquiry and critical thinking skills (Saiful et al., 2020). 

Surprisingly, this problem-based learning was used to improve scientific reasoning skills, 

but it will be difficult to visualise the behaviour of the particles. The increased scientific 

reasoning may be due to the students who are accustomed to the discovery-based 

learning (Novia & Riandi, 2017). Scientific reasoning skills were developed in learners 

using a learning activity especially regarding issues of social science (Santika et al., 

2018). Alternatively, learners need to visualise the behaviour of state of matter because 

the concept is microscopic in nature. 

 1.3 Research problem  

During learning, the properties in state of matter, solid, liquid and gas should be 

recognised in terms of behaviour (Samarapungavan et al., 2023). At the same time, the 

behaviour of solid particles is very attracted to each other. Particles are attracted to each 

other in liquids, but not as strongly as in solids. Also, in gases, particles are slightly 
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attracted to each other (Suman et al., 2019). In addition, the increase or decrease in 

temperature makes solid, liquid and gas to change from one state to another. Moreover, 

the particles will be gaining kinetic energy and move faster. Interestingly, learners should 

grasp the behaviour and properties (particles) of the three states of matter, especially 

cases of varied temperature. Furthermore, the behaviour of particles is too abstract to 

learn and because particles are macroscopic in nature, it becomes too impossible to 

visualise their behaviour in different states of matter. However, linking macroscopic 

observation of particles to behaviour is key in learning concepts of the state of matter 

(Olsen et al., 2020). On one note, to understand the behaviour and properties has been 

explained in terms of macroscopic conventions (Samarapungavan et al., 2023). On 

another note, learners generally experience difficulty in conceptualising physical changes 

from solid to liquid and gas. Nevertheless, these changes of state are premised on the 

microscopic character of the properties (Harrison, 2022). Since the state of matter is too 

abstract to learn, learners should use scientific reasoning skills such as hypothesis, 

analysis deduction and drawing inferences to grasp the concept clearly (Meyer et al., 

2014). 

In most classrooms, kinetic energy of the particles in state of matter is misguided 

by the learners’ failure to define solid, liquid and gas (Massalha, 2015). In the same way, 

it is impossible for learners to visualise the behaviour of particles which lead to the failure 

to grasp the kinetic molecular theory, which explains the properties in solid, liquid and gas 

(Mullis et al., 2016).  Similarly, learners grapple to characterise the dynamic properties of 

particles in state of matter (Banawi et al., 2019). In fact, it becomes difficult for them to 

characterise the behaviour in states of matter when temperature is applied (Baydere, 

2021). The difficulty is posed by lack of visualisation of the microscopic nature of the 

physical changes (Zhan et al., 2019). In a similar manner, it was impossible for my Grade 

10 learners in a school in Seotlong circuit, under Sekhukhune East District to visualise 

the behaviour of the particles in three different states of matter. Due to lack of relevant 

resources in my school laboratories, PhET was used to clearly display the behaviour of 

the particles when temperature is applied. In a similar manner, learners experience 

challenges of figuring out the behaviour of the three states (Budimaier & Hoff, 2022). On 

one hand, they lack scientific reasoning skills which are essential for the learning state of 



15 
 

matter (Kambeyo & Csapo, 2018).  On the other hand, they see it as a major obstacle to 

visualise the behaviour of particles due to the lack of science laboratories and gadgets to 

perform experiments practically and virtually (Huang et al., 2019; Zhang et al., 2020). 

However, when PhET is used for learning, learners develop thinking skills, conceptual 

analysis, creativity and innovation skills (Banda & Nzabahimana, 2021). Thus, they need 

to harness their scientific reasoning skills when learning towards the state of matter. In 

addition, the use of PhET encourages learners to think scientifically and to have 

conceptual understanding (Najib et al., 2022). Yet with the literature review that I 

conducted, there is a dearth of literature on the use of PhET in this discourse (Batuyong 

& Antonio, 2018). Hence, this study intends to explore learners’ scientific reasoning skills 

in characterising the state of matter using PhET. The study focuses more on adding 

knowledge in the utilisation of PhET simulations contribution to harness scientific 

reasoning skills of the state of matter.  

 1.4 Purpose of the study 

The purpose of the study was to explore scientific reasoning skills of state of matter using 

physics education technology (PhET). 

1.5 Research Questions 

Main research question 

1.5.1   How does the use of PhET enable Grade 10 learners’ scientific reasoning skills to 

characterise the state of matter? 

Sub research questions 

1.5.2 What are the learners’ scientific reasoning skills of state of matter when using 

PhET? 

1.5.3   Why do learners exhibit these particular scientific reasoning skills? 



16 
 

1.6 Research methodology 

I adopted the qualitative approach in this investigation. Through the study of specific 

people or locations, qualitative research is a subset of social science research that 

gathers and analyses non-numerical data with the goal of interpreting meaning to better 

understand social life (Ashley et al., 2021). In this study, learners explored scientific 

reasoning skills to characterise states of matter using PhET simulations. Merriam’s (1998) 

case study was employed in this study. This is an exploratory single case. The case study 

was used to develop an initial understanding or phenomenon of interest characterising 

state of matter (Ponelis, 2015).  The case study enabled the collection of data using 

observation, documents and interviews (Yazan, 2015). Purposive sampling enabled me 

to judge the selection of units of study (participants) and data to be studied (Rai & Tshapa, 

2015). Hence, 40 learners from Grade 10 registered for Physical Science participated in 

the study. The study used thematic analysis to analyse qualitative data in a deductive 

way. Additionally, Scientific Discovery Dual Search was used as a frame to analyse data 

collected from written activities and interviews and through observation. I ensured rigour 

in the analysis by attending to confirmability, dependability, credibility, authenticity and 

transferability as recommended (Treharne & Riggs, 2015). 

1.8 Data collection 

The study used three data collection methods namely: document analysis, classroom 

observation and semi-structured interviews as recommended in case studies. 

1.8.1    Documents   

Participants of the study worked on tasks on the state of matter. I prepared the tasks and 

measured learners’ scientific reasoning skills in state of matter. The learners’ written 

responses to these tasks served as data from documents that were analysed. All learners 

in Grade 10 took the task. While learners were busy writing the tasks, the teacher 

monitored the learning progress. The questions were designed in such a way that I could 

see the scientific reasoning skills of state of matter. Closed-end questions were used. 
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1.8.2   Observations 

 During class time, learners performed experiments related to state of matter using PhET. 

I was a participant observer, viewing learners as they work on related activities (Fry et al., 

2017). An observation schedule as a systematic approach to the collection of data will be 

used during class time (Vermeirsch et al., 2021). I designed the observation schedule 

focusing on learners’ scientific reasoning skills on the concept of state of matter. 

1.8.3 Semi-structured interviews 

Semi-structured interviews, according to Mahat-Shamir et al. (2021), are the best data 

collection instruments if you do not have multiple interview opportunities. Open-ended 

questions with prompts in state of matter that need to be covered will be generated. The 

data was collected in five (5) days, and interviews were taking place face to face. A voice 

recording was used to capture the responses from the learners. The recording was done 

in English. 

1.9 Significance of the study 

From the literature, no one used PhET simulation to describe a solid, liquid or gas 

according to the kinetic molecular theory. Thus, PhET was used in electromagnetism to 

improve the academic performance of students (Batuyong & Antonio, 2018). My 

contribution to the existing literature is to use PhET simulation to improve scientific 

reasoning skills in state of matter. The importance of this study is to encourage learners 

and teachers to use PhET in learning since the world is changing (fourth industrial 

revolution). The use of PhET simulation helped learners to visualise the behaviour of 

particles in change of state of matter. At the same time, the PhET helped schools that do 

not have physical laboratories to demonstrate experiments such as change in state of 

matter. Furthermore, learners harnessed scientific reasoning skills since they were able 

to observe the behaviour of particles using PhET simulation. In the same way, PhET 

supported physical science teachers to demonstrate concepts to harness the learning 

objectives. Indeed, PhET simulation is the easiest and most effective way of empowering 

the scientific reasoning skills of learners (Ruwiyah et al., 2021). Additionally, the 
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advantage of PhET simulation can be an approach of learning which requires 

engagement and interaction with learners, and which educates learners so that they have 

a constructivism paradigm (Gani et al., 2020). The PhET simulation helped learners’ 

visual representations of physics concepts that cannot be directly observed (Eveline et 

al., 2019). Learners of this study were able to visualise the change in state of matter by 

using PhET simulation. In fact, the use of PhET simulation helped them to develop 

scientific reasoning skills to understand the state of matter better.  

Apparently, this PhET helped teachers to teach learners to learn the change in 

state of matter without challenges. Additionally, PhET simulations are not only educational 

but also engaging, making the learning process more interactive and stimulating for 

students (Olugbade et al., 2024). Interestingly, learners who were involved in learning 

using PhET experienced a higher increase in understanding compared to students who 

did not use this simulation (Gunawan et al., 2023). Therefore, the integration of simulation 

technology such as PhET can be an invaluable tool in improving the quality of learning 

chemistry in the classroom. 

1.10 Research setting 

The participants were Grade 10 learners at a school under Seotlong circuit in Sekhukhune 

east District, Limpopo Province, South Africa. The school has Sepedi-speaking learners 

from nearby and around the school location, and offers science and general subjects. It 

has one class offering Physical Science because many learners are doing Geography. 

1.11 Structure of the study 

This dissertation is structured in this way: background and motivation, literature review, 

methodology, analysis and interpretation, conclusion and recommendation.  

1.11.1 Chapter 1 

The study begins with an overview and historical context of the research. At the same 

time, what learners can or cannot do was clearly outlined. Problem statement: learners 

were unable to adopt scientific reasoning skills due to lack of observation of particles in 
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state of matter.  Due to lack of visualisation of the abstraction of the topic, learners ended 

up failing to make inferences, analyse, make judgement and draw conclusions on the 

change in state of matter. PhET simulation was used to display the movement of the 

particles and kinetic molecular energy. Furthermore, the purpose of the study, research 

questions and significance of the study were discussed. 

1.11.2 Chapter 2 

Chapter 2 focused on the literature review relevant to the study, and was divided into 

subtopics. The focus was on what learners can or cannot do related to the change in 

states of matter. There was a dearth of literature on how learners’ reason on the change 

in states of matter. 

1.11.3 Chapter 3 

Chapter 3 outlined the research methodology. This includes the research approach used 

in the study, research design, sampling, methods of collecting data and data analysis. 

The issues of credibility, dependability and transferability as quality criteria as well as 

ethical considerations are also discussed in this chapter.  

1.11.4 Chapter 4 

In Chapter 4, the data is presented, analysed and interpreted. The chapter also discusses 

the results, as well as the findings of the study. 

1.11.5 Chapter 5 

This chapter reflects on the research questions raised in chapter one of the study. I 

present the conclusions of this dissertation by responding to the research questions. Then 

I outline the limitations of the study, and make recommendations. 

1.12 Summary of the chapter 

This chapter gives us the background to the study. This is followed by the problem 

statement, purpose of the study, research questions, research methodology, the 
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significance of the study and research settings. A precise summation of the chapters of 

the study is also given.  Lastly, the chapter presents a summary of the study. The next 

chapter presents the literature review and theoretical framework of the study. 
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CHAPTER 2 

 LITERATURE REVIEW 

2.1 Learning state of matter 

The change in state of matter should be taught using PhET simulation because it contains 

abstract ideas which are difficult to grasp by learners (Ozmen & Alipasa, 2003), who found 

it difficult to learn the particles model to explain the change in state of matter (Merritt et 

al., 2008). Consequently, state of matter becomes difficult to learn without helping them 

to develop the ideas using PhET simulation. Similarly, Krajcik et al. (2006) found that 

learners had difficulty in explaining macroscopic phenomena of state of matter because 

of learning without a tool to visualise the concept. This implies that, some science 

concepts are mind on and hands on, learners need to observe what they are doing and 

draw conclusion. Consequently, the behaviour of the particles is too abstract to observe 

with the naked eye, however PhET can visualise the behaviour of the particles in 3-

dimension. Furthermore, learners find it difficult to learn the change in state of matter 

since the concepts are microscopic in nature. For example, when the states of matter 

change from solid to liquid the particles are loosely packed and in gas the particles are 

far away to each other (Cole et al., 2022). In fact, learners should observe the change in 

states of matter from solid to liquid and liquid to gas to be able to understand the topic 

better. To observe the behaviour of particles in state of matter helps them to make 

inferences. For example, my Grade 10 learners are given the following multiple-choice 

questions to write from physical sciences Grade 10 Siyavula textbook (Adams et al., 

2011). First, 1) Pick the appropriate response: during a substance transition from solid to 

liquid. Its particles travel in the following directions: 

A)  Closer together 

                 B)  With less kinetic energy 

                  C) With weaker interparticle interact 
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                   D) With less movement 

2) Choose the right response to the following statement: When a substance changes 

states. 

                        A) The material doesn’t change 

                         B) Its chemical makeup shifts 

                         C) It transforms into a different material 

                         D) The intensity of the interparticle interactions remains constant 

The multiple-choice questions above can be difficult to answer if learners do not 

observe the movement of the particles. For Learners to understand these questions, they 

should be able to utilise the tenets of the theoretical framework (SDDS), which is 

searching hypothesis space. They should come up with the hypothesis related to change 

in state of matter. The hypothesis should be addressed in this way: when the increase in 

the temperature is applied, the particles in a solid-state change to liquid and liquid to a 

gas state. Due to the stated the hypothesis, data can be collected during an experiment 

related to the change in state of matter. After the collection of data, learners should be 

able to analyse and interpret the data, infer and draw conclusions. As a result of these 

processes, learners find the multiple-choice questions simple and easy to answer as the 

state of matter is too abstract in nature.  

Learners find it difficult to apply scientific reasoning skills in characterising the 

change in state of matter (Alamina & Etokeren, 2018). More importantly, failing to 

characterise was attributed to inability to make inferences from observations. 

Furthermore, they should observe the change in state of matter on the kinetic energy and 

movement of the particles in each phase. For example, in my physical sciences class, 

learners were given the following class activity, “summarises the characteristics of the 

particles that are in each phase of matter in terms of the properties of the energy and 

movement of particles” (Adams et al., 2011). Most of them were not able to characterise 

the energy and movement of the particles in each phase. When assessing their 
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responses, I found that they were guessing those transitions, solid to liquid and liquid to 

gas in state of matter due to unable to observe the movement of particles in each state. 

Similarly, Chophel (2022) found that the lack of inferences leads learners to experience 

difficulties in these concepts, matter structure, properties, matter phases and phase 

changes.  Surprisingly, in Chophel (2022) no differences were found. The difficulty can be 

attributed to the lack of understanding of concepts in a macroscopic atom. Even if the 

PhET can be used some of the learners can play with the features of the PhET simulation 

without focusing on the change in states of matter. In summary, learning without 

visualising the change in state of matter coerces the concept to be abstract, thus difficult 

to learn. 

Learners are unable to characterise the state of matter because of their inability to 

reason scientifically (Jenkins & Howard, 2019). Subsequently, they should develop 

scientific reasoning skills of prediction, analyses, prediction, evaluating the evidence and 

making informed inferences for them to characterise the three states of matter. To 

substantiate the idea, the scientific reasoning skills requires observation of the movement 

of the particles in the different change of states of matter.  This results in them failing to 

conclude when state changes from one form to another (solid to liquid). In a similar 

manner, learners started to confuse the change in states of matter solid to liquid and liquid 

to gas (Benli Ozdemir, 2021). In a study conducted by Benli Ozdemir, results show that it 

is not easy to make judgement on the change in state of matter because the topic is too 

abstract to learn without the use of science, technology, engineering and mathematics 

(STEM). From the same source, the following question was posed to the learners (Benli 

Ozdemir, 2021), “suppose the temperature is applied on this solid state, what are the 

behaviour of the particles?” One of the learners responded in this way, “the behaviour of 

the particles remains the same in a solid state”. To substantiate the incorrect answer, 

learners are unable to visualise the behaviour (movement) of particles when temperature 

is applied. This results in them struggling to get the correct answer when they learn 

without visualising the behaviour of particles. The correct answer is supposed to be: the 

behaviour of particles starts to increase when the temperature is applied. Similarly, 

another study by Borghini et al. (2022) found that learners are unable to make 

connections between the kinetic energy of the particles and the temperature applied on 
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the different state of matter. Hence, the kinetic energy of the particles and the temperature 

applied are the core concepts in learning states of matter. Finally, learners are unable to 

characterise the state of matter because of their inability to connect concepts such as 

kinetic energy of the particles and the temperature applied. 

The inability to make connections between kinetic energy and temperature applied 

in learning states of matter results in learners making incorrect judgements of solid to 

liquid and liquid to gas (Kotur, 2023). A study by Kotur shows that the incorrect judgements 

committed by learners related to confusing “solid state as liquid state also liquid as gas”. 

The confusion is due to the lack of visualisation. In many cases, learners just imagine the 

arrangements of three states of matter solid, liquid and gas due to sophisticated 

laboratories. Hence, it justifies that learners might lack scientific reasoning skills such as 

prediction, analyses, interpretation, evaluation and making informed inference in learning 

state of matter. Similarly, a study by Guiselin et al. (2022) shows that learners found it 

difficult to characterise the three states of matter due to their inability to connect concepts 

such as kinetic energy and temperature applied. For example, from the same study, 

Guiselin et al. (2022) asked learners this question: “suppose the temperature is applied 

on solid states, what is the behaviour of the particles”? The question showed that the 

connection between temperature and kinetic energy of the particles were lacking. In 

addition, learners fail to characterise three states of matter. No differences were found 

and learners still experience difficulties to make inferences on states of matter using the 

kinetic energy of the particles (Zakharov & Zubkov, 2022), which helps them to 

characterise states of matter as solid, liquid and gas.  In fact, the topic ‘states of matter’ 

is microscopic in nature because it is too difficult to see the particles with your naked eye. 

Over more, it was complex for learners to tell when the particles were packed closely 

together or widely separated (Archibong-Eso, 2020). Similarly, learners found it 

challenging to make inferences on the change of states when the temperature is applied 

(Baydere, 2021). Additionally, when the temperature is applied, the states of matter can 

change from one phase to another phase. In both studies, it was difficult to tell if the state 

of matter changes from solid to liquid and gas. The reason was that they were unable to 

visualise the concept. Surprisingly, if learners are unable to visualise, it can lead them not 

to possess scientific reasoning skills to learn the change in states of matter. For example, 
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I visited (class visit) my friend’s class in Grade 10 at a particular school in Sekhukhune 

east district. The question was posed to the learners: “how do particles move in the solid 

state”. The question was difficult to answer when they do not visualise the movement of 

the particles. All in all, the state of matter is too abstract to teach without an effective tool. 

 2.2 Introduction of scientific reasoning skills of state of matter 

It is important to apply scientific reasoning skills in the learning process to equip learners 

with critical thinking and decision-making skills (Yanto et al., 2019). Meanwhile, Shaw 

(2010) defined the process of scientific reasoning as the linking of evidence and facts to 

come with the final conclusions. Also, scientific reasoning skills helps learners to 

understand the state of matter in depth and promote learners’ critical thinking in solving 

real-life problems (Han, 2013). Scientific reasoning skills are the mental strategy, plan or 

rule used to process information and to derive conclusions that go beyond direct 

experiences (Tajudin, 2015). Similarly, in this study, skills such as prediction, analysis, 

data interpretation, inferences and evaluation are outlined clearly in the following sub-

headings.  

2.2.1 Prediction of hypothesis when states change from liquid to gas 

Learners often have difficulty in understanding interactions between particles and 

structure-property relationship in boiling and melting points (Karakoyun & Asiltürk, 2022). 

Furthermore, they could not make accurate predictions when states change from one 

form to another in a melting and boiling process. To substantiate an inaccurate prediction, 

learners do not perform experiments with the hypothesis formulated (Löffelsender et al., 

2021). The hypothesis was formulated by learners from a study by Löffelsender et al. as 

follows, “when the water is boiled the states of matter will change from liquid to gas”. After 

the hypothesis, learners made an incorrect prediction of the behaviour of particles when 

liquid changes to gas. Consequently, they were unable to understand the behaviour of 

the particles during the states of change. Over more, all questions related to the behaviour 

of particles were not answered correctly. For example, from a study by Löffelsender et al. 

the question was as follows, “How does the temperature affect the particle behaviour?” 

Out of 40 learners, only 5 learners got the question correct while 30 did not even attempt 
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to answer the question. Instead of talking about the particles and temperature, the 

remaining 5 learners were interested in the steam of water. This shows that they were 

unable to predict when the states of matter change from liquid to gas. It strikes me that 

they did not see the kinetic energy of the particles when the temperature was applied on 

the water. They only see the steam going up without visualising the movement of the 

particles. This results in an inaccurate prediction. Similarly, to both studies, Jasien (2018) 

provided an example as follows in Figure 2.1 “temperature vs kinetic energy graph.”  
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Figure 2.1: The relationship between temperature and kinetic energy of the particles (Jasien, 2018, p. 3) 

“The phases of the substance most likely to exist in the region between 20 and 33 

units of energy being added is/are”. Afterwards, Jasien (2018) indicated that kinetic 

energy depends on temperature. More importantly, learners to develop scientific 

reasoning skill of prediction need to visualise the relationship between kinetic energy and 

temperature applied for them to make informed inference of the change in state of matter. 

Subsequently, learners were unable to find the relationship between kinetic energy and 

temperature when answering the questions related to "Temperature vs Energy Added". 

Jasien (2018) found that learners were unable to infer from the behaviour of the particles 

when the temperature keeps increasing. From studies by Jasien (2018) and Löffelsender 

et al. (2021), they failed to analyse the graph in this way, and when the temperature 

increases, kinetic energy of the particles also increases. Briefly, the difficulty of 

interactions between particles and temperature results in learners’ failure to predict the 

change in state of matter. 
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2.2.2 Analysing of graphs in processes of states of matter 

Learners need to improve scientific reasoning skills in learning states of matter in Grade 

10 science classrooms (Kocagül & Çoban, 2022). Meanwhile, Abate et al. (2020), 

indicated that children face difficulty in generating evidence and drawing conclusions with 

the lack of scientific reasoning skills. Surprisingly, the review indicated challenges 

experienced by learners in utilising scientific reasoning skills to characterise the three 

states of matter by observing the behaviour of particles (Vieira & Morais, 2021).  Firstly, 

to show that learners experience challenges in characterising three states of matter from 

Vieira and Morais (2021), they were given three boxes with different dots inside to 

represent the behaviour of the particles when temperature is applied. It was difficult for 

12 out of 40 learners to characterise the three states of matter as solid, liquid and gas. 

Subsequently, they only observe the particles in each state of matter not in 3-D 

dimensions and without the movement of the particles. This results in their inability to 

analyse since they did not visualise the movement of the particles. Similarly, in another 

study, learners were confused when states of matter change from solid to liquid and from 

liquid to gas (Benli Ozdemir, 2021). This confusion is caused by lack of visualising the 

movement of the particles in three states of matter. Secondly, they found it difficult to 

analyse when the particles were not moving. They only visualise the drawn dots inside 

the box on the chalkboard when states change from one state to another (Borghini et al., 

2022). In this way, learners were not able to use scientific reasoning skills such as 

analysis. Ultimately, the inability to characterise the state of matter is due to insufficient 

visualisation of the movement of the particles of three different states of matter (Jenkins 

& Howard, 2019). Subsequently, the inability to analyse results in learners’ inability to 

come up with the final conclusion on the change of state of matter.  

Analysis is a skill that learners should have when learning the change in states of 

matter. To analyse the topic of states of matter is to chunk the information in this way; first 

when a graph is given, learners should analyse if it is a cooling curve or a heating curve; 

like the one below, which is a heating curve (Tangerine Education, 2017). 
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Figure 2.2: Heating Curve, relationship between temperature and time (Borghini et al., 2022, p. 8) 

A study by Borghini et al. (2022) shows that learners did not harness analyses as scientific 

reasoning skills when learning states of matter. The results from Borghini et al. show that 

they also find it difficult to use a graph to answer questions such as the relation between 

vapour pressure and the temperature in state of matter. The difficulty emanated from 

when their inability to make connections (directly proportional) of these concepts’ kinetic 

energy of the particles and the temperature applied on different states of matter. These 

concepts, kinetic energy and temperature help learners to characterise states of matter 

as solid, liquid and gas during analysis. In fact, the topic ‘states of matter’ is microscopic 

in nature. Over more, it was too complex for learners to tell when the particles were 

packed closely together or widely separated (Archibong-Eso, 2020). All in all, after 

analysing the behaviour in three states of matter, learners need to interpret and come up 

with conclusions on the change in states of matter. 
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2.2.3 Data interpretation from analyses of graphs in processes of states of matter 

� Learners are supposed to interpret this graph from the physical science/P2 

November 2018 at a particular school.  It seems that learners are unable to analyse 

and interpret the given graph in Figure 2.3. 

 

Figure 2.3: Vapour pressure versus temperature from Grade 10 Physical Sciences paper 2 November, 

2018 (DBE, 2018) 

Learners found it challenging to interpret a graph given on the change of states when the 

temperature is applied (Baydere, 2021). To substantiate challenges, learners did not 

visualise the vapour pressure verses the temperature graph through experimentation.   

Subsequently, they interpreted (analyses of the question and graph, chunk the questions 

into variables) the graph without analysing the properties of unknown liquids by checking 

the trends of the liquid’s behaviour. Graphs need to be interpreted by learners before 
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answering the question that followed (Inaltekin & Akcay, 2021). Additionally, when the 

temperature is applied, the states of matter can change from one phase to another 

(Wazzan & Ahmed, 2024). In both studies, it was difficult to tell if the state of matter 

changes from solid to liquid and liquid to gas. In this way, interpretation as a skill played 

a vital role in learning the state of matter. It showed that learners did not grasp scientific 

reasoning skills such as data interpretation on change of states of matter.  The reason for 

the difficulty is the inability to analyse the relationship between temperature and vapour 

pressure. Surprisingly, if learners are unable to analyse the relationship between two 

variables in Figure 2.2, it can make them unable to interpret data. For example, from the 

question paper above in November 2018, the following question was posed to the 

learners, “what is the relationship between vapour pressure and temperature.” No learner 

got the question correct. Most of them did not even attempt to answer it. This shows that 

the question is complex to answer because they were required to interpret the relationship 

between vapour pressure and temperature of unknown liquids to get the correct change 

in state of matter when the temperature is applied. It strikes me that for learners to 

understand the topic of states of matter, they need to interpret the data and analyse the 

change in state of matter. Learners to develop scientific reasoning skills of interpretation 

and analyses need to be engaged in performing the experiments in science education 

(Koyunlu Ünlü et al., 2024). Indeed, through the usage of PhET learners develop how to 

interpret and analyse the behaviour of the particles in three states of matter. 

2.2.4 Evaluating and making inferences of the change in state of matter 

Learners struggle in learning state of matter because they do not have good resources to 

demonstrate the behaviour of the particles (Healy et al., 2021). From the same study by 

Healy et al. (2021), the difficulty emanated from the methods used to deliver the topic in 

Grade 10, such as diagrams in the textbook to show the difference in states of matter. 

Also, it was very difficult to learn three states of matter without visualising the behaviour 

of the particles (Lopez & Pinto, 2017). Contrarily to both studies, learners need to observe 

that the kinetic energy of the particles changes to be able to grasp the change in states 

of matter (Sun, 2023). For example, in a study by Sun, they were given “diagrams with 

particles for visualisation”.  
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Figure 2.4: Interpreting the results of the particles for visualisation (Sun 2023, p. 18) 

Now, learners can conclude on the final state of matter by visualising the behaviour 

of particles (Sun, 2023). Even if they did not see the particles moving, they were able to 

evaluate and answer the questions. In the same study by Sun (2023), still some of the 

scientific reasoning skills such as “data interpretation” were not achieved by learners due 

to failure to observe the particles moving, and if they did not observe, it was going to be 

difficult for them to make inferences. Over more, learners need an effective tool such as 

PhET to demonstrate the behaviour of the particles. In this study, PhET was used to 

perform an experiment, and was an effective tool to minimise the complexity of the topic 

‘state of matter’. Briefly, if learners can observe the particles moving by using PhET, 

scientific reasoning skills such as evaluating and making inferences can be executed.  

2.3 Physics education technology in learning states of matter 

Learners realised that, given certain treatments, molecules will move or shift anywhere to 

reach an equilibrium state (Rahmawati et al., 2022). Consequently, learners from 

Rahmawati et al. (2022) also seem to agree that PhET simulations were clear and easy 

to follow. In other words, PhET provided learning experiences, and gave new learning 

opportunities that were absent in traditional laboratory settings (Salame & Makki, 2021). 

In a similar manner, PhET simulation makes learning easy because learners were able to 

analyse sub-microscopic depictions of several acids and the equal concentration of base 

solutions, it compares every sub-microscopic representation to achieve this (Nuraida et 
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al., 2021). As Nuraida et al. has alluded, PhET simulation effectively enhances learners 

understanding of complex chemical concepts, such as phase changes of matter (Nkosi 

et al., 2024). Same way in this study PhET simulation enhance scientific reasoning skills 

in learning the change in states of matter. Subsequently, the concept is too abstract in 

nature. To substantiate the learning progress, Rahmawati et al. (2022) pointed out the 

following three examples to show learners who benefited and those who did not. 

Examples one (1) and two (2) benefited while example three (3) did not benefit in using 

PhET in learning molecules to achieve an equilibrium state. The examples are as follows:

  

1. “This simulation certainly helps. It makes it easier for me to understand that the molecule can move 

or move if given a certain treatment. To reach a state of equilibrium...”  

2. “I can find out the factors that affect the direction of the shift in the equilibrium.”  

3. “I still do not understand the analogy used in these simulations” (Rahmawati et al., 2022). 
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Figure 2.5: Behaviour of particles (Rahmawati et al., 2022, p. 13) 

Similarly, from Rahmawati et al. (2022), examples two (1) and two (2) simulated 

experiments using PhET, and enabled learners to determine how wave quantities-

amplitudes, tension, frequency, wavelength, and wave speed-related to one another 

(Yulianti et al., 2021). Moreover, the use of PhET simulation can enable them to 

understand the change in states of matter in the study. Contrary to both studies, in my 
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school one teacher used PhET to teach momentum before collision and momentum after 

the collision in Grade 12. This showed that learners did understand how to operate PhET 

to learn. Despite using PhET to learn, as a teacher, you should remain as a facilitator. All 

in all, the use of PhET can help learners to learn physical science topics. 

PhET was used in the topic of electricity to learn better where learners were able 

to visualise voltage, current and resistance (Abou Faour & Ayoubi, 2017). To substantiate 

the usefulness of PhET, scientific reasoning skills such as making inferences and 

evaluation were achieved by learners when learning electricity. Contrarily, in my 

observation as a physical sciences teacher, we did not teach science in the correct way 

because topics like these need learners’ visualisation. For example, in Abou Faour and 

Ayoubi (2017), teachers give a conceptual definition of current and voltage without 

learners visualising electrons moving and the relationship between current, voltage and 

resistance. Formerly, to teach a conceptual definition is due to lack of visualising the 

relationship between current, voltage and resistance. In differing with a study by Abou 

Faour and Ayoubi (2017), the flipped classroom approach helps learners find an 

opportunity of engaging each other when learning change in state of matter to discuss 

with their teachers which is not a possible situation in a traditional approach (Schultz et 

al., 2014). Hence in these two studies, all learners can be engaged and learn better and 

understand state of matter. However, in Schultz et al. (2014), learners were unable to 

visualise when the particles are moving in state of matter and some of the predictions, 

analyses, inferences and interpretations were not achieved because it is where you 

conclude from what you observed. In Abou Faour and Ayoubi (2017), learners were 

visualising the voltage, current and resistance since the concepts were too abstract to 

learn without observing the electrons moving and the relationship between current, 

voltage and resistance. In both studies, the only difference was the tools used. A study 

by Abou Favour and Ayoubi (2017) used PhET simulation while a study by Schultz et al. 

(2014) used a flipped classroom. In fact, the better method was PhET because learners 

were visualising the processes of state of matter. Without visualising, learners found it 

difficult to grasp the concept of behaviour of particles in a gas state because they were 

assuming the behaviour of particles (Erceg et al., 2016). Nevertheless, learners need to 

observe what is unseen with the naked eye to be seen using a microscope. Consequently, 
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PhET simulations offer learners the prospect to engage in interactive, virtual experiments 

that provide instant criticism (Alsalhi et al., 2024). Briefly, some topics such as state of 

matter are too abstract to learn without visualising the behaviour of the particles. 

Learning process in waves and sounds using PhET as a virtual laboratory 

supported the learners’ cohesiveness (Maulidah & Prima, 2018). Before using PhET from 

Maulidah and Prima (2018), learners had difficulties in determining base, peak point and 

oscillate in waves and sounds. Contrarily, the use of PhET simulation improved the 

learning of electrodynamics when assessing the learners (Jayanagara & Lukita, 2023).  

The improvement of learning emanated from the experiment performed using PhET 

simulation. Some of the learners in a study by Jayanagara and Lukita (2023) showed that 

physics-related information or concepts may not always be able to be constructed in a 

formal way using PhET simulations. This shows that the use of PhET simulation has 

limitations during learning. Despite this, according to the findings by Nyirahabimana et al. 

(2022), PhET simulation was a useful tool or software for raising learners’ proficiency 

levels in the topic of physics. This is because of visualising physics topics. For instance, 

most learners found quantum topics challenging without understanding PhET due to the 

abstractness and mathematical complexities of the contents (Nyirahabimana et al., 2022). 

Surprisingly, learners were able to construct their understanding of the concept of photo 

electric effect and able to observe how electrons jump from metals in photo electric effect 

events (Supurwoko et al., 2017). Even in this study, it is too difficult to learn the behaviour 

of particles in solid, liquid and gas when different temperatures are applied. Particles in 

state of matter were displayed through the IoT system for smart lab to improve the 

learning of the behaviour of particles in state of matter (Chomanee et al., 2022). This 

shows that the learning of change in state of matter needs to be taught using electronical 

material to visualise the particles when the state changes from one state to another. 

Contrarily, a study by Treagust et al. (2010) found that to identify states of matter, the 

most important factor is the arrangement of particles. While it is impossible to arrange the 

behaviour of particles without demonstrating it with particles moving, this is the reason 

PhET was used in the study. PhET simulations have been successful in reaching large 

numbers of users in the K12 and college level with over 45 million runs per year and 

usage in all 50 states of the United States (Salame & Makki, 2021). Similarly to Salame 
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and Makki (2021), “The help of simulations enhanced my understanding, and I was able 

to grasp topics that are difficult to understand because of PhET simulations” (Dy et al., 

2024). In contrast, learners found it difficult to create a chemical formula to represent a 

compound, but through using PhET simulation it was easier for learners to imagine water 

compounds consisting of two hydrogen atoms and one oxygen atom (Meliniasari & 

Setyarini, 2024). All in all, using PhET to learn state of matter can make learners 

understand better.  

Nuic and Glatar (2019) found that learners experience difficulty in classifying 

substances into state of matter. They also classify liquid easier than solid. They frequently 

struggle to grasp the innate movement of particles (Adbo & Taber, 2009). Similarly, they 

had difficulty in state of matter, specifically when the phase changes due to the abstract 

nature of atoms and molecules (Chomanee et al., 2022). Apart from this, state of matter 

is not always straightforward as seeing a water kettle boiling (liquid to gas). In support, 

learners need to visualise the particles in solid and change to liquid and further to gas 

when the temperature is applied. By visualising, they can be able to attain all scientific 

reasoning skills required. Similarly, they found it difficult to grasp why the state changes 

from one form to another in terms of the behaviour of particles (Budimaier & Hoff, 2022).  

Indeed, learners are unable to characterise the behaviour of particles into solid, liquid and 

gas because it is difficult to visualise the particles with the naked eye (Sopandi et al., 

2017). Likewise, what is reported here is the inability to visualise particle behaviour in a 

state of matter.  

For example, the following questions are taken from physical sciences chemistry 

question paper of September 2019. It was not easy to attain all scientific reasoning skills 

to answer the following questions. The questions seem to be difficult to answer since 

learners did not visualise the topic ‘states of matter’. At the same time, they should be 

able to interpret the graph; but if they did observe the behaviour of particles when the 

temperature is decreasing, the questions were going to be simple. From the above 

paragraph, the concepts kinetic energy and the temperature applied were addressed as 

follows, “these concepts kinetic energy and temperature help learners to characterise 

states of matter as solid, liquid and gas when observing”. To illustrate this connection, 
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check question 3.2 below. If learners could make the connection between kinetic energy 

of the particles and the temperature applied through observation, they were able to attain 

the skill interpretation because they can observe the margarine melting making 

intermolecular forces to be weak (kinetic energy). Also, the sun (temperature) makes the 

solid margarine to change its state to other states.   

 

Figure 2.6: Grade 10 written task Physical Science paper 2 September 2019 (DBE, 2019) 
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2.4 Physics education technology simulations to improve scientific reasoning 
skills 

PhET simulation has been used in mathematics to minimise the difficulty of quadratic 

function graph to find the turning point (de Sousa & Alves, 2022). At the same time, it is 

very effective and can improve learners’ science process skills (Efendi & Sartika, 2021). 

It encourages scientific research, provides interactivity, makes visible what is invisible, 

shows visual mental models, and includes multiple representations such as motion object, 

graphics and numbers (Reis & Rehfeldt, 2019). PhET can also educate learners to have 

a constructivist mindset, where they can combine initial knowledge with virtual findings 

(Alfiyanti & Jatmiko, 2020). This is in accordance with the expression by Ramadan and 

Astuti (2020), who argue that learners think more critically when they use PhET 

simulation. 

2.4.1 Physics education technology simulation to improve analyses as a skill 

PhET simulation improves the interactive exchange process between learners. In this 

way, they were able to grasp how to analyse science concepts (Mrani et al., 2020). 

Ultimately, they used PhET to analyse the concept of saturation as it pertains to the point 

at which salt can no longer dissolve effectively in water (Rayan et al., 2023). For example, 

in Rayan et al. (2023), PhET was useful because it helps learners in this way: 

“Learners added salt gradually into the water, witnessing its dissolution. Eventually, there came a juncture 

when the salt particles began descending within the water. In response, the student introduced additional 

water, causing the sunken salt to re-dissolve. During this process, the student astutely noted that the added 

salt initially dissolved, followed by a phase of sinking. This precipitated salt later reverted to a dissolved 

state upon water addition. Furthermore, the learners discerned a correlation between the concentration of 

dissolved salt and the quantity of salt initially dissolved, observing that the concentration increased 

progressively until reaching a saturation point.” 
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Figure 2.7: PhET simulation for the interplay between the volume of solvent and the quantity of solute.  a) 

Precipitation of solute as result of oversaturation, b) dissolving of the solute as result of adding a solvent 

(Rayan et al., 2023, p. 7) 

The example shows that by using PhET, learners were able to analyse if salt can 

be dissolved into water. Similarly, another study indicated that the use of PhET was helpful 

in learning how to construct simple, series, parallel and series-parallel circuits (Potane & 

Bayeta, 2018). In the same way, the use of PhET simulation can help learners to analyse 

various states of matter. To substantiate the usefulness of PhET simulation, in a study by 

Potane and Bayeta (2018), learners indicated that “We have learned a lot in constructing 

simple, series, parallel and series-parallel circuits. It improved our study habits. Also, it 

enhanced our listening, problem-solving and technology skills”. The learning of science 

needs to be simulated since there is a lack of physical equipment in schools. Interestingly, 

the use of PhET helps learners to visualise what is difficult to see in the physical lab 

(Wieman et al., 2018). On the one hand, PhET was used to demonstrate gas behaviour 

because learners cannot observe the movement of particles without visualisation (Perkins 

et al., 2006). On the other hand, Arabacioglu and Unver (2016) have proven that the 

integration of virtual simulation PhET makes the learning process simple in gas 

properties. All in all, it is simple to make analyses from what you observed with your naked 

eye. 
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2.4.2 Physics education technology to interpret state of matter 

The assessment of concepts understanding and critical thinking of learners in learning 

mechanics material has improved using PhET simulation (Putranta & Kuswanto, 2018). 

Doloksaribu and Triwiyono (2019) used PhET simulation to recognise problems and to 

visualise the topics that are invisible to the naked eye. More importantly, to blend PhET 

simulation in learning energy and change enables learners to experience interest in 

learning, and further stimulates their thinking potential (Maghan, 2017). To support 

interest in learning, learners wrote a pre-test and a post-test about calculating the initial 

velocity before collision. This shows that in the post-test, they improved than in the pre-

test due to the usage of PhET (dan Zainul & Supardi, 2018). Similarly, in both studies, 

PhET was capable of dropping a mass on a spring, and viewing one of the graphs, 

learners rapidly noticed the “total Energy” (Fencl, 2013). In this way, they did not need 

much time to comprehend how to raise or lower the total energy level and which 

combinations of energy most efficiently accomplished this process. In Fencl’s (2013) 

study, learners comprehended how to raise or lower the total energy level. This shows 

that they develop interpretation as a skill when using PhET simulation. In a similar way, 

Doloksaribu and Triwiyono (2021) indicated that the use of PhET is equally helpful for 

learners to improve their ability to understand concepts and experiment virtually. Similarly, 

to the above mentioned, this PhET has a significant influence in understanding the 

concept of physics (Anisa & Astriani, 2022). Hence both studies show that learning using 

PhET has highly improved the scientific reasoning skills such as the interpretation of 

learners. Furthermore, it can be seen that the use of the inquiry model with the help of 

PhET virtual media helps improve learners how to interpret science concepts (Anisa & 

Astriani, 2022). In the same way, the use of PhET can simplify abstract topics such as the 

change in state of matter to be less abstract by visualising the behaviour of the particles 

moving. 
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 2.4.3 Physics education technology to inferences 

Learners had difficulty in understanding atomic structure material because its content is 

abstract (Sa'diyah & Lutfi, 2023). They learned the atomic structure using the lecture 

method. This affected them not to understand the atomic structure content. In the same 

study by Sa’diyah and Lutfi (2023), after the lecture method, PhET simulation was 

employed to compare which one can be more effective to help learners to understand the 

atomic structure better. The findings were that PhET helped learners to visualise the 

atomic structure, and the performance increased from 50.6% to 85.7%.  Similarly, a study 

by Verawati et al. (2022) has proven that motion kinematics experiments using PhET 

virtual simulations have a significant impact on improving learners’ learning outcomes. 

This shows that for them to develop inference as a skill, they should observe the concepts 

through PhET simulation. In a similar manner, Ndihokubwayo et al. (2020) indicated that 

PhET simulation is effective in improving learners’ physics learning outcomes and is 

better when compared to learning that does not use PhET simulation. In the same way, it 

supports the cognitive processing of aspects of the material being studied and is more 

effective in supporting learning interactivity (Correia et al., 2019). 

In developing scientific reasoning, research has shown that inquiry-based science 

instruction can promote scientific reasoning abilities (Adey & Csapo, 2012). Similarly, 

studies have shown that learners have higher gains on scientific reasoning abilities in 

inquiry classrooms over non-inquiry classrooms (Bao et al., 2009). On the one hand, 

learners have improved their scientific reasoning skills and can significantly influence the 

effectiveness of using inquiry methods in learning science courses (Lawson, 2001).  

2.5 The use of Physics education technology in contemporary classroom to learn 
state of matter 

Learners used molecular features more often in their descriptions and mental models 

after they had experienced the visualisation (Suits & Sanger, 2013). Similarly, Ashe and 

Yaron (2022) argue that simulations incorporating analogies involving everyday objects 

can help learners learn abstract concepts needed to organise their content knowledge. 

Both studies show that learning through PhET simulation minimises the complexity in 
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state of matter. Again, it is not easy to carry out an experiment to investigate gas law in 

the classroom because it needs microscopic visualisation (Pratidhina & Sumardi, 2019). 

PhET may help learners in understanding the concepts of gas law and the theory of kinetic 

gas. Based on the elaborated discussion, it can be concluded that 33% of the learners 

have fully understood the ideal gas law section. However, 14 % of them have a lot of 

misunderstanding of the sub-material pressure and kinetic energy of gas. To illustrate the 

importance of PhET simulation, a study by Pratidhina and Sumardi (2019) indicated that: 

“Simulation of experiment and concept animation helps learners to learn abstract concept such as kinetic 

theory of gas which included in the gas law topics. Other than that, guided simulation of experiments 

developed in our program has the potential to improve learners’ ability on data processing and graph 

interpretation. If we looked at the details, we found that in the post-test, the number of students who gave 

correct answer about problems related to data processing and graph interpretation is higher than in the pre-

test” (Pratidhina & Sumardi, 2019). 

Similarly, college students’ understanding of physics was found to be enhanced 

more by using simulated equipment (PhET) than by building actual circuits with wires, 

lights and meters (Tembrevilla et al., 2019). Indeed, virtual PhET simulation allows 

learners to observe what is impossible to visualise using the naked eye. In essence, it is 

impossible to directly examine the concepts of gas pressure and gas kinetic energy since 

they are minuscule (Nurhuda et al., 2017). Contrary to studies by Nurhuda et al. (2017) 

and Tembrevilla et al. (2019), Murphy (2022) shows that only one learner in learning 

kinetic energy of gas using PhET simulation was able to successfully answer the 

questions given in a class activity. Several learners from the traditional lecture group were 

able to successfully reframe their thinking and select the correct answer choice in the 

post-test assessment (Murphy, 2022). This shows that the use of PhET needs a facilitator 

to engage learners during the practical assessment.  Surprisingly, even if PhET simulation 

can make learning easy, Barelli et al. (2019) found that learners’ weak awareness of 

epistemological issues was linked to a lack of trust and confidence about PhET 

simulations. Contrary to a study by Barelli et al. (2019), learners rarely appeared to be 

able to elaborate explanations by themselves using PhET simulations (Pratidhina & 

Sumardi, 2019). The use of PhET can be helpful in learning state of matter in the 4th 

industrial revolution. 
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2.6 The importance of using Physics education technology to minimise the 
abstract in state of matter 

Learners still struggled to analyse the results of the experiment, and concluded that it 

needs more mentoring (Sarwoto et al., 2020). Consequently, learning results using PhET 

simulations is more effective than a simple teaching instrument (Prihatiningtyas et al., 

2013). Both studies indicated that the use of PhET minimises the abstraction of science 

topics. Even if the use of PhET is effective in learning, it needs the teacher to monitor the 

progress of the learners. At the same time, the PhET simulation approach is an effective 

teaching strategy in electricity and magnetism (Dantic et al., 2022). Similarly, Carpenter 

et al. (2016) indicated that PhET simulation emphasises connections between real world 

phenomena and the underlying science, and makes the invisible to be visible such as 

atoms, molecules, electrons and photons. Over more, learners highlighted that “We can 

also see the concept in much clearer detail because it presents even the smallest particle 

(electric charges) moving and behaving”. Similarly, learners who were learning through 

PhET simulations were considerably better on the post-test than those who received 

neither (Ndihokubwayo et al., 2020). Again, Ndihokubwayo et al. indicated that PhET 

simulations were shown in the present study to be far more effective in improving the 

conceptual understanding of geometric optics than usual teaching. For example, a study 

by Ndihokubwayo et al. (2020) interpreted the results to show how PhET improved the 

conceptual understanding of geometric optics: 
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Figure 2.8: Interpreted results to show how PhET improved conceptual understanding (Ndihokubwayo et 

al., 2020, p. 8) 

A pre-test performance was 36.36% while a post-test performance increased to 43.73%. 

The graph shows that the use of PhET helps learners to improve in learning geometric 

optics than usual teaching. Furthermore, another study found that PhET simulations make 

learning engaging when performing experiments (Science Education Research Centre, 

2021). 

PhET simulations help learners to see how molecules move or shift in order to 

reach an equilibrium state, and to comprehend the idea of chemical equilibrium 

(Rahmawati et al., 2022). In the same way, they highlighted this: “learning with PhET 

interactive simulations makes it easier for students to be interested in learning by exploring directly and 

being able to experiment in a relatively short time.”  “I also became more understanding, because every 

scientific explanation can be directly practiced through the media.” Hence, this experience from the 

learners shows that the use of PhET can make learning more interesting and reduce the 

abstract nature of the topic ‘state of matter’. Similarly, PhET allows learners to visualise 

at the sub-microscopic level (Correia et al., 2019). In addition, most learners reported 

having positive learning experiences using PhET simulation. Similarly, another study 

found that simulation activities broaden teachers’ conceptual teaching, enable learners to 
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visualise abstract concepts and encourage their conceptual understanding (Ogegbo & 

Ramnarain, 2022). Indeed, a perception from a teacher: “I believe the content in the simulation 

would have been too difficult for the learners to understand at first, but I think being able to ask them 

questions based on how to move the test charge, their observation, and reaction to the values displayed 

on the screen also made the class more interactive” (Ogegbo & Ramnarain, 2022). In support, while 

learners are busy observing the state of matter, the teacher should facilitate learning to 

help learners to observe the behaviour of the particles. Similarly, Saputri (2021) and 

Siahaan et al. (2017) found that PhET simulations can be used as a solution to deal with 

learners’ low science process skills in science learning. Additionally, it can be argued that 

learners taught with PhET simulations have more opportunities to interact, observe, 

discuss and make interpretations in the learning process. It is the view of the findings of 

this study that PhET simulations and animations favoured more learner-centred learning, 

and by these learners were able to visualise the science topics (Beichumila et al., 2022). 

Negative features, on the other hand, relate to unpleasant elements of the PhET 

simulation programs that were meant to be challenging (Taibu et al., 2021). Zacharia and 

Olympiou (2011), have discovered that using both virtual and physical laboratories 

together improves students’ conceptual knowledge more than using just one type of 

experimentation. A study by Pyatt and Sims (2012) discovered that, in terms of students’ 

cognitive and affective performance, virtual labs can be useful substitutes for actual labs. 

Chen et al. (2014) have maintained that virtual laboratories can be just as successful as 

real labs, although they have advised teachers that the former may lead learners to 

mindlessly plan and conduct experiments. Chen et al. (2014) also discovered that 

students enrolled in physical labs had somewhat more positive sentiments toward labs 

than those enrolled in virtual labs. 

2.7 Learning using emerging technologies in state of matter 

The behaviour of particles in states of matter and state changes have not been explained 

in any case animation (Yaseen & Aubusson, 2020). Subsequently, learners expressed a 

strong preference for simulations over the real equipment, and this PhET was used in an 

electric field line (Ogegbo & Ramnarain, 2022). This action allowed them to visualise the 
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pattern of electric field lines for different charge configurations and interpreted activities 

indicating that: 

“Field lines which are also called lines of force become more spread out as they move further from a point 

charge. The dark part indicates the closeness of the lines of force and at this point, we experience a stronger 

electric field or greater force, while the magnitude of the charge will also increase. Thus, if the lines of force 

are closer together i.e. darker as seen on the screen, we say the electric field is closer to the charge and if 

the lines of force are weaker i.e. further separated, then the electric field is weaker than the charge” (Ogegbo 

& Ramnarain, 2022).  

In addition, Ogegbo and Ramnarin’s (2022) picture to shows how PhET makes the 

learning of electric field simple. 

 

Figure 2.9: PhET makes the learning of electric field simple (Ogegbo & Ramnarin’s, 2022, p. 4) 

 Another study found that by using PhET simulations, the invisible such as protons and 

electrons can be made visible and clear (Wiema et al., 2010). Similarly, a study by Najib 

et al. (2022) was conducted using PhET to show learners how to make predictions, 

analyse, interpret and evaluate the connection of concepts. In addition, Hardyadi and 
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Pujiastuti (2020) conducted a study to determine the effects of using PhET simulation in 

systems of living organisms.  They found that the use of PhET simulation is significant in 

improving learners how to make predictions, analyses, interpretations and 

evaluations. Also, findings by Al-mashaqbeh and McLaughlan (2014) revealed that PhET 

simulations results in improved achievement in chemistry. 

In contrast, Yunzal and Casinillo (2020) reported that less significance in using 

PhET in the learning of electrodynamics, although learners displayed interest playing with 

the simulations. Contrarily, results from Piyatissa et al. (2018) revealed that learning 

forces in physics using PhET worked well to support the textual and verbal explanations 

of scientific principles. Similarly, Beichumila et al. (2022) found that simulations improved 

learners' basic skills of observation, prediction, pattern analysis, and reasoning science 

process skills. In this study, PhET was used to explore scientific reasoning skills in state 

of matter specifically characterising the behaviour of solids, liquids and gas. In this way, 

it can help learners to grasp the abstract visualisation of particles in state of matter. PhET 

helps the learning of quadratic functions in mathematics, and explores simulations in a 

visual and interactive way (de Sousa & Alves, 2022). Similarly, in a study by Byrne (2020), 

learners better understand the physics concepts related to motion students and are 

spending far more time in front of screens (televisions/video games/cellphones) than ever 

before. Through the PhET, some modes of motion displayed in the simulation are more 

visualised and more interesting than the real conditions in a real laboratory (Verawati et 

al., 2022). This shows that PhET software creates abstract physics animation or cannot 

be seen by the naked eye, including atoms, electrons, protons and magnetic field 

(Susilawati et al., 2023). Similarly, Bandoy et al. (2015) found that 28% mentioned that 

using PhET is very effective and 72% said that it is effective. Additionally, they indicated 

that the simulations are very helpful, attractive and appealing. Over more, the use of PhET 

simulation can improve the critical and creative thinking skills of learners (Hasyim & 

Prastowo, 2020). In contrast, Yunzal and Casinillo (2020) highlighted that the results of 

their study show that PhET simulation has revealed a low improvement in the students’ 

performance in the conceptual assessment in electrodynamics. 
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2.8 The benefits of integrating PhET simulation in learning states of matter 

When PhET simulations are used for learning, learners improve in thinking skills, concept 

analysis, creativity, and innovation skills, and the ability to transfer and apply concepts 

and knowledge to a new learning environment (Banda & Nzabahimana, 2021). The study 

noted that PhET simulations present the information in multiple representations that 

engage the students and promote reasoning instead of memorising the concepts. PhET 

was also used in the learning of turning effect of the force in physics at a secondary school 

level and works well to support the textual and verbal explanations of scientific principles 

which are difficult to understand due to the lack of the tangible nature of this concept of 

force (Piyatissa et al., 2018). They indicated that this improved learners in this way. The 

net improvement of 25% achieved by the experimental group learners in the post-test 

administration of the assessment compared to the pre-test over the control group showed 

the capability of the new approach as a way of helping students to visualise the necessary 

content in the lesson turning effect of force.  The abstract concepts of science are very 

difficult to visualise even in physics laboratories. For example, the generation of electricity 

is an invisible process that involves the movement of electrons (electrical charge carriers) 

through conductive metal wires. Therefore, it can be a difficult concept to learn and to be 

taught in real-world situations (Alatas et al., 2017). In the study, the research method was 

a quasi-experiment design with a non-equivalent control group. The research was 

conducted in two classes. The difficulty of this movement of electrons led the study to 

utilise PhET to simulate a simple electric circuit in meaningful learning for students. It was 

found that simulations improved students’ skills in making observations, predictions, 

analysing patterns, and making inferences, which are basic science process skills 

(Beichumila et al., 2022). Furthermore, in this study, PhET was used to explore scientific 

reasoning skills in state of matter specifically characterising the behaviour of solids, 

liquids and gas. In this way, it helped learners to grasp the abstract visualisation of 

particles in state of matter. 

Batuyong and Antonio (2018) found that there was a significant improvement in 

the physics assessment performance of the learners when tackling the section involving 

“electromagnetism” using PhET. Additionally, learners are able to improve learning in 
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performing those experiments because they enjoy what they are doing using PhET 

simulation. In a similar manner, Yunzal and Casinillo (2020), found that learning 

electrodynamics using PhET simulations did not significantly improve learning, although 

learners showed interest in playing with the simulations. However, virtual laboratories 

enhance learners’ problem-solving, critical thinking, creativity, conceptual understanding, 

science process skills, lab skills, motivation, interest, perception and learning outcomes 

(Taibu et al., 2021). Visualisation in chemistry can help to make chemistry at a particular 

level less abstract because the students can see these particles moving using PhET 

(Suits & Sanger, 2013). Furthermore, learners were able to describe solids, liquids, and 

gas using the kinetic molecular theory to describe the behaviour of particles through PhET 

simulation. Hardyadi and Pujiastuti (2020), conducted research intending to determine 

the presence or absence of a significant effect of the use of PhET simulation media on 

the learning achievements of the basic energy material in the life system. The study found 

that PhET simulation can improve learner' science process skills. 

2.9 Difficulties in learning state of matter without PhET simulation 

States of matter was difficult to learn without visualising the behaviour of particles in 

different states (Brazhkin et al., 2012). In comparison, to observe the behaviour of 

particles, learners need to visualise the movement of particles for better understanding of 

the topic (Liu et al., 2022). Both studies showed that in states of matter, you cannot see 

the behaviour of particles with your naked eye to execute final states of matter. In the 

same way, virtual laboratories were able to help learners to observe the behaviour of 

particles in state of matter (Herga et al., 2016). Alternatively, it was still difficult to grasp 

the concept of state of matter because learners were not able to engage themselves in 

the observing process (Dallaire & Gosselin, 2016). A study by Dallaire and Gosselin, 

showed that even if learners were able to visualise, engagement of the concept was 

important. Again, in Dallaire and Gosselin (2016), learners experienced this difficulty: “Ice 

molecules are colder than water molecules” instead of “Ice molecules have less kinetic 

energy than water molecules”. This difficulty emanated from the lack of visualisation of 

the behaviour of particles in state of matter. However, the teacher needs to facilitate the 

learning process while learners are busy observing the behaviour of the particles. In 
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summary, learning state of matter without visualising the movement of the particles 

becomes too difficult. 

 The use of virtual demonstration when learning state of matter by learners was 

encouraging (Sharma et al., 2015). In a similar manner, learners were able to observe the 

behaviour of different states of matter; in this way it helps them to develop scientific 

reasoning skills.  In the same way, another study found that it was difficult to observe the 

movement of water particles when heated with the naked eye since it is microscopic in 

nature (Wibowo et al., 2016). Furthermore, when learning science, learners need to 

visualise the concepts that are microscopic in nature for better understanding. Learners 

needed to integrate temperature and kinetic molecular theory to be able to adapt scientific 

reasoning skills in characterising state of matter (Hadinugrahaningsih et al., 2017). Still, 

it becomes too difficult to learn state of matter without the PhET to visualise the concept. 

Similarly, the realisation of the crystalline state meant that it was difficult to characterise 

the change in states of matter. In fact, no melting point has been observed (Seredyuk et 

al., 2008). In fact, the melting point cannot be seen without visualisation. It is particularly 

interesting that the majority of the subjects do not seem to be able to approach the issue 

of change in the state of matter (Rodriguez & Castro, 2014). To repeat, state of matter is 

a type of concepts that require learners to apply hands on and mind on. Again, the reason 

for those states of matter is microscopic in nature; learners need to see the particles 

moving to be able to tell the change in states of matter. Similarly, to learn this concept, 

they need to familiarise themselves with PhET simulation.  

 2.10 Theoretical framework 

The theoretical framework of this study is scientific discovery as dual search (SDDS) 

(Klahr & Dunbar, 1998). This framework poses attempts to evaluate concept-building 

approaches coherently (Zimmerman, 2007). The SDDS model defines scientific 

reasoning by integrating knowledge from various disciplines (Li & Klahr, 2006). 

Interestingly, it helps learners to generate testable hypotheses, and to perform 

experiments and evidence evaluation strategies. The prediction can help learners to 

develop the hypothesis, and prove if the hypothesis is correct or not. Moreover, by testing 
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the hypothesis, evidence emerges and needs to be evaluated. Furthermore, it elucidates 

a set of interdependent process for coordinating search for truth through experimentation 

and hypotheses (Klahr et al., 1993). There are three main processes in this framework: 

searching the hypothesis space, searching experiments and evaluating evidence (Klahr 

& Dunbars, 1998). The aim of the search in the hypothesis space is to generate precise 

and testable hypotheses on the basis of existing data or observations (Schulte & Wegner, 

2021). While in search of experiment space, learners should be able to collect data related 

to the behaviour of particles in state of matter; and in evaluating evidence space, they 

should be able to analyse and interpret data, make informed inferences and draw 

conclusions (Lobato & Zimmerman, 2018). Three processes of SDDS helped to analyse 

the collected data. At the same time, PhET was used to perform the experiment. From 

the experiment designed, learners should generate the hypothesis. For instance, when 

the temperature is applied, the state of matter changed from one phase to another. By so 

doing, learners were able to conduct the experiment. More importantly, scientific 

reasoning skills such as analysing, evaluating, interpreting, making inferences and 

drawing conclusions were emerged.  

Scientists search in experiments space to design and carry out the process to 

prove or disprove the hypothesis (Klahr, 1989). In fact, according to SDDS, scientific 

creativity involves the interaction of hypothesis generation, experiment design and 

evidence evaluation process. Similarly, SDDS is a process of testing hypothesis, and 

involves designing an experiment appropriate to the hypothesis, making predictions and 

running the experiment (Klahr, 2000). This SDDS has been examined in detail using 

methods such as tensiometer, conductometry and fluorimetry (Ray et al., 2009). Indeed, 

Klahr and Dunbar (2013) found that the SDDS model offers a description of discovery 

learning as a problem solving-like search through two problem spaces: hypothesis space 

and experiment space. I discuss the following next, hypothesis space and experiment 

space. 

Firstly, learners were able to search the hypothesis space, and used imagination 

to conclude on the behaviour of the particles. Secondly, they searched the hypothesis 

space. Thereafter, the use of PhET was complimented to test the hypothesis by observing 
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the behaviour of the particles when the states change from one form to another. By 

observing the behaviour of the particles, the change in states of matter became less 

abstract. Before the use of PhET, learners wanted to know the change in states of matter 

from solid to liquid, liquid to gas. In short, they wanted to understand the cooling graph 

and heating graph. Before using PhET simulation, the concepts cooling graph and heating 

graph were too complex to analyse and interpret. After using PhET simulation, the 

learners were able to exhibit scientific reasoning skills such as prediction, analysis and 

interpretation. Moreover, the use of PhET simulation helped them to visualise the 

behaviour of the particles when the change in states of matter was happening. This results 

in the development of scientific reasoning skills. Evaluating the evidence is one of the 

tenets in this theoretical framework. Through PhET simulation, learners were able to 

evaluate the evidence because they evaluated what they observed. Subsequently, they 

exhibited scientific reasoning skills accordingly when writing the tasks related to the 

cooling curve and heating curve. Furthermore, the theory was used as a frame in this 

study. The tenets of the theoretical frame will be used to evaluate the results in chapter 

4. The three tenets of the theoretical framework will be used to evaluate the results 

namely: searching the hypothesis space, searching experiments and evaluating evidence 

(Klahr & Dunbar, 1988). Through the written tasks, learners should come up with 

hypotheses. Subsequently, the hypothesis will help them to perform the experiments, and 

in this way, they will be searching experiments as one of the tenets. Through the 

experiment, they will be executing scientific reasoning skills such as prediction, analysis, 

interpretation, evaluation and making inferences. According to Klahr and Dunbar, 

exhibiting the scientific reasoning skills means that learners need to evaluate the 

evidence. They will be performing the experiment through the use of PhET simulation.  

2.11 Summary of the chapter 

The literature on learning states of matter, scientific reasoning skills in learning states of 

matter and learning states of matter through PhET simulations has been covered in this 

chapter. It shows how learners should develop scientific reasoning skills to learn the 

change in states of matter. Again, the literature demonstrates how they should develop 

scientific reasoning skills. Through PhET simulations, learners should be able to develop 
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scientific reasoning skills. The chapter focuses on what learners can or cannot do when 

learning states of matter, as well as the difficulties that they encounter when learning the 

change in states of matter. The review provided the discussion on how to learn the change 

in states of matter and how to develop scientific reasoning skills. The literature contributed 

to the existing literature in this way: to learn the change in states of matter, learners should 

familiarise themselves with visualising the moving of the particles. Additionally, to 

visualise the movement of the particles when learning the change in states of matter is 

too difficult to see with the naked eye. Furthermore, to learn the change in states of matter 

is too abstract in nature and the concept is microscopic in nature. Hence, PhET 

simulations were used to minimise the abstract nature of the change in states of matter. 

Over more, through the use of PhET, learners were able to develop the change in states 

of matter. All in all, the chapter discussed the theoretical framework that guided the study. 

The following chapter presents a discussion of the methods employed to carry out the 

study. 
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CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

This chapter describes the research approach used in the study. It further addresses the 

design of the study, sampling, data collection methods and how data were analysed. 

Again, two written tasks, semi-structured interviews and observations were used to collect 

data in Grade 10 on scientific reasoning skills with PhET simulation intervention. 

Furthermore, thematic analysis was used to analyse the data. Additionally, the chapter 

describes the quality criteria and ethical considerations considered in the study. 

3.2 Research approach 

This study adopted the qualitative approach. Qualitative approach deals with meanings 

through language and action, and includes a wide range of materials (e.g., conversational 

data, images, observations and unstructured, semi-structured and structured interviews, 

among others). Qualitative data analysis is generally described as a nonlinear and 

iterative process (Lester et al., 2020) and relates to the classification and interpretation of 

linguistic (or visual) material to make statements about implicit and explicit dimensions 

and structures of meaning-making in the material and what is represented in it. According 

to Uwe Flick (2009), qualitative data may be used to describe a phenomenon in some or 

greater detail.  Qualitative evidence syntheses, also known as systematic reviews of 

qualitative research, aim to explore people’s perceptions and experiences of the world 

around them by synthesising data (Noyes et al., 2017).  Qualitative evidence synthesis 

provides an in-depth understanding of complex phenomena while focusing on the 

experiences and perceptions of research participants and taking into consideration other 

contextual factors (Ames et al., 2019). 
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3.3 Research design 

The study adopted the case study research design by Merriam. This is an exploratory 

single case of Grade 10 learners intending to explore the complexity of the state of matter 

(Hyett et al., 2014). A case study is the holistic description and exploration of finite 

phenomena in programmes, institutions, people, processes and social entities 

(Ebneyamini & Sadeghi Moghadam, 2018). The case study will be used to develop an 

initial understanding or phenomenon of interest characterising state of matter (Ponelis, 

2015). Also, a case study enabled the collection of data using observation, documents 

and interviews (Yazan, 2015). The type of research questions that were used in the study 

are what, how and why. Consequently, the type of questions sought to find out why 

learners were struggling when answering the change in states of matter questions. The 

boundary for this study was exploring Grade 10 learners' scientific reasoning skills when 

PhET was used and when it was not.  The type of study was a single case study to test 

a theory or a multiple case study to develop a rich theory. In this study, an understanding 

of learners’ change in states of matter was gained by conducting a single case study of a 

class. Merriam asserts that the three aspects assist researchers to use a variety of data-

collection methods to document enough data about learners’ behaviour. In this study, the 

three aspects of an exploratory case study enabled the researcher to recognise difficulties 

that hinder learners from exhibiting scientific reasoning skills before and after PhET 

simulation.  

The concept of a case study has been variously defined as a process, a unit of 

study, or an end product (Merriam, 1998). Scholz and Tietje (2002) define a case study 

as an empirical inquiry that investigates a contemporary problem within its real-life 

context. A case study is appropriate when the researcher is interested in how, what and 

why questions. Three types of case studies can be undertaken: explanatory, exploratory 

and descriptive case studies (Yin, 2003). Merriam conceives a qualitative case study as 

“an intensive, holistic description and analysis of a bounded phenomenon such as a 

program, an institution, a person, a process, or a social unit” Her discussion includes 

conducting literature review, constructing a theoretical framework, identifying a research 

problem, crafting and sharpening research questions and selecting a sample (purposive 
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sampling). Merriam’s approach in a case study design is not close to either Yin’s or 

Stake’s; it is a combination of both approaches.  

3.4 Sampling 

Sampling is a method of deciding on a portion of the population which represents the 

whole population (Kothari, 2004). Merriam (1998) suggests that purposive or purposeful 

sampling usually occurs before the data are gathered, whereas theoretical sampling is 

done in conjunction with data collection.  According to Taherdoost (2016), sampling is 

used to make conclusions regarding the population of a particular study. Two types of 

sampling techniques in research are: non-probability sampling and probability sampling 

(Taherdoost, 2016). In this study, SBL Secondary School at an education circuit in 

Limpopo was selected purposively as it is convenient for the researcher who teaches 

there. Purposive sampling enabled me to judge the selection of units of study, 

(participants) and data to be studied (Rai & Tshapa, 2015). Hence, 40 learners from Grade 

10 who registered for Physical Science participated in the study. According to Merriam 

(1998), an exploratory case study should be guided by purposive sampling, not population 

since it is suitable for collecting qualitative data. Thus, the study used purposive sampling 

which is a form of selection whereby the researcher relies on their own judgment when 

choosing participants (Palinkas et al., 2015). The school lacked resources, and 

chalkboards are still used during the process of teaching and learning. The school has 

239 learners comprising 156 males and 83 females supported by 8 staff members. To be 

specific, Grade 10 class has 40 learners who all participated in the study. In terms of 

language, the school is Sepedi-speaking. This was a great way of exploring a variety of 

scientific reasoning skills exhibited by learners when the states of matter change from 

one form to another. In terms of two written tasks, the researcher purposively selected 

three changes in states of matter from previous question papers, which require learners 

to exhibit scientific reasoning skills.  
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3.5 Data collection 

The study used three data collection methods namely: document analysis, classroom 

observation and semi structured interviews as recommended in case studies by Merriam. 

Creswell (2018) highlighted that data-collecting methods should be in line with the 

research approach. The collection of data took two weeks. In the first week, written task 

1, sections A and B were used to collect data, and in the second week, written task two 

was implemented. Firstly, I started with the first written task, sections A and B. Vignettes 

were collected for marking purposes while observing and conducting the interview. 

Secondly, the second written task was administered while I was observing and conducting 

the interview. Two written tasks were used to collect data with the intervention of PhET, 

and to check if the learners’ scientific reasoning skills on the change in states of matter 

can be developed. Through the use of PhET simulation, most learners were able to 

observe the behaviour of particles to develop scientific reasoning skills such as prediction, 

analysis, interpretation, evaluation and making inferences. 

3.5.1 Observation 

During class time, learners performed experiments related to state of matter using PhET. 

I was a participant observer, viewing learners as they work on related activities (Fry et al., 

2017). An observation schedule as a systematic approach to the collection of data was 

used during class time (Vermeirsch et al., 2021). An observation schedule was designed 

focusing on learners’ scientific reasoning skills on the concept of change in state of matter. 

I was observing and noting what they can or cannot do when writing the written tasks 

related to change in states of matter. Most learners were able to articulate scientific 

reasoning skills such as prediction, analysis, interpretation and making inferences. The 

three methods are relevant to the current study as they required them to represent their 

scientific reasoning skills in written tasks through interviews and observation by me in 

multiple ways. Hence, the three methods allowed the researcher to analyse the exhibited 

scientific reasoning skills using the three tenets of scientific discovery of dual search 

(SDDS) theory. Additionally, learners were able to develop scientific reasoning skills since 

they were able to observe the behaviour of the particles when temperature increases and 
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decreases. While observing, they were able to characterise the states of matter because 

it was easy for them to visualise when the particles form solid part, liquid part and gas 

part. There are three links on (APPENDIX J), to show when learners were using PhET 

simulation to characterise the three states of matter, solid, liquid and gas. Also, the voices 

of learners were merged with the videos on PhET simulation to find out why learners are 

executing scientific reasoning skills of prediction, analyses, interpretation, evaluation and 

informed reference.  

3.5.2 Documents 

Participants worked on tasks on the state of matter. The prepared tasks measured 

learners’ scientific reasoning skills in characterising the states of matter. The learners’ 

written responses to these tasks serve as data from documents analysed. All learners in 

Grade 10 took the tasks while the teacher monitored the learning progress. The questions 

were designed in such a way that I could see the scientific reasoning skills of state of 

matter. Closed-end questions were used. 

Two written tasks were implemented to collect data. With the use of PhET 

simulation, two written tasks were given. In the first written task, learners were given 

questions to answer taken from previous question papers. Most questions were about the 

change in states of matter, and the relationship between the behaviour of the particles 

and the temperature applied, also if the graph of the process of states of matter is heating 

curve or cooling curve. The task was written under the researchers’ supervision for 30 

minutes such that each learner could exhibit his or her own scientific reasoning skills. This 

was also a way of ensuring that they do not copy from each other. The first written task 

contained five questions. The first question required them to define melting point, 

meaning it was necessary for the learners to mentally understand what melting point is. 

Again, the process of melting point was to assess learners in terms of the behaviour of 

the particles if the temperature is applied. This is a process of using scientific reasoning 

skills to the written task. Through written task 1, learners were able to execute scientific 

reasoning skills. They were expected to develop scientific reasoning skills while writing 

the task. To substantiate the development of these skills, they were able to execute skills 
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such as analysis and interpretation. For example, they were supposed to understand that 

when the temperature increases, the behaviour of the particles also increases, and the 

states change from one form to another.  After 30 minutes, all scripts were collected and 

marked using a marking guideline. 

As the learning proceeded, learners were given feedback on the first written task 

so that they could know what they were expected to do. Thereafter, written task 1, section 

A was given for 45 minutes to develop scientific reasoning skills when writing the change 

in states of matter. This indicates that learners were expected to use their scientific 

reasoning skills to acquire the concept of the change in states of matter. Most importantly, 

they were allowed to use any source, textbook, study guide, or internet to obtain different 

ideas. During this process, I acted as a facilitator of learning to observe as learners 

worked and clarify their difficulties related to the change in states of matter. Written task 

1, section A had eight (8) questions. The first question required learners to explain what 

sublimation is. The second was about finding the relationship between temperature and 

the behaviour of the particles. The third and the fourth questions were about naming the 

states of matter by analysing the graph given. The fifth question expected them to 

interpret the graph given and answer the question. In this way, as a teacher I checked if 

they could use scientific reasoning skills or not. The questions that followed were to 

assess if learners can articulate scientific reasoning skills. 

After written task 1, sections A and B, learners were given written task 2. Still, they 

were expected to show their scientific reasoning skills when writing task 2 to visualise the 

behaviour of the particles. Furthermore, the intervention of PhET simulation was to check 

if they can develop scientific reasoning skills. Indeed, many of them were able to develop 

scientific reasoning skills such as prediction, analysis, interpretation, evaluation and 

making inferences through PhET simulation. Learners were monitored such that each 

could exhibit his or her scientific reasoning skills. Briefly, the two written tasks when PhET 

was used responded to the first research question. This allowed me to capture learners' 

scientific reasoning skills exhibited through access to relevant concepts required in 

change of states of matter. This was a way of showing them that they cannot develop 

scientific reasoning skills without visualising the particles in motion. Thereafter, all 
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vignettes were collected, marked and grouped based on their similarities and differences 

in scientific reasoning skills using the theoretical framework SDDS. The two written tasks 

enabled learners to notice that to visualise the behaviour of the particles was important in 

learning the change in states of matter. 

3.5.3 Interview 

Semi-structured interviews, according to Mahat-Shamir et al. (2021), are the best data 

collection instruments if you do not have multiple interview opportunities.  Open-ended 

questions with prompts in state of matter that need to be covered were generated. The 

data was collected in (two) weeks, and interviews were conducted face to face. A voice 

recorder was used to capture responses from the learners. The interviews were 

conducted in English. 

After classifying learners' written responses in each written task, semi-structured 

interviews were used for approximately 5 minutes to probe the reasons why learners 

exhibited these particular scientific reasoning skills on the topic about the change in states 

of matter. Semi-structured interviews refer to a way of asking a few pre-determined 

questions while the rest of the questions arise from the interviewee's responses. This 

indicates that the interview questions were based on individual responses to the given 

written tasks. The interviews were conducted such that the sampled learners included 

those with inappropriate and appropriate scientific reasoning skills. Learners with 

inappropriate scientific reasoning skills are those with the inability to mentally imagine the 

behaviour of the particles when the temperature is applied. During the interviews, the 

researcher was given a name called Justice whereas alphabets were used to represent 

learners. For example, learner A. From the transcripts in chapter 4, learners were able to 

reason out why they executed those scientific reasoning skills such as prediction, 

analysis, interpretation, evaluation and making inferences. Some, were able to develop 

scientific reasoning skills of analysis and interpretation when using PhET simulation to 

visualise the behaviour of the particles.  All in all, by using the three instruments of 

interview, documents and observation to collect data helped to notice that the concepts 

state of matter is too abstract in nature. Learners were able to develop scientific reasoning 
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skills of prediction, analyses, interpretation, evaluating the evidence and making informed 

inferences. Subsequently, for them to develop scientific reasoning skills mentioned, with 

the auspices of PhET simulation learners were able to develop scientific reasoning skills 

in learning the change of state of matter.  

3.6 Data analysis 

This research study implemented thematic analysis as a process of encoding and 

identifying patterns and themes (Terry et al., 2017). Thematic analysis was used to 

analyse all collected data in the form texts (Braun & Clarke, 2021; de Farias et al., 2021). 

Through thematic analysis, I was able to explore scientific reasoning skills of prediction, 

analysis, interpretation, evaluation and making informed inferences in characterising the 

states of matter (Scharp & Sanders, 2019). The type of coding that was implemented in 

this study is axial coding, which was used to generate, refine and categorise themes 

(Williams & Moser, 2019). Hence, organised and classified data were labelled using axial 

coding to put it in a meaningful way. For instance, it can be labelled as letters or symbols. 

In fact, coded data fitted into the frame inductively to form themes (Varpio et al., 2020). 

Therefore, the study adopted the inductive approach because data is a frame, and 

themes emerged from the coded data. Furthermore, theoretical framework (SDDS) and 

literature evaluated the results from the data. Furthermore, the tenets of the theoretical 

framework stress that learners should come with hypotheses and find space to visualise 

the behaviour of the particles (experiment space) through PhET. By visualising, learners 

were able to evaluate the evidence. For example, they indicated that when the 

temperature increases, kinetic energy of the particles also increases. 

Moreover, thematic analysis maintains the richness, rigour and natural setting of 

the original data. In analysing the data, I first engaged myself with it by re-reading textual 

data from the two written tasks. Again, I familiarised myself with two written tasks with the 

use of PhET simulation. Secondly, while learners were writing the tasks, I was observing 

if they can execute scientific reasoning skills such as prediction, analysis, interpretation, 

evaluation and making inferences. Thirdly, transcripts of verbal data from interviews were 

analysed deeply, and I made sense of the ideas that emerged. Through transcript, I did 
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not listen to the audio of the interview once, but several times to come up with the correct 

coding from the data. I coded the ideas and arranged them into categories. Lastly, I noted 

the themes which were described as final results through the thematic analysis process 

(Braun & Clarke, 2006). Therefore, the themes (patterned responses) were described and 

interpreted for their meanings, and were presented in the results section of the study 

report. According to Braun and Clark (2006), there are six steps of inductive thematic 

analyses moving to a stage of assigning preliminary codes to the data. In this study, data 

were categorised and grouped according to the same characteristics. For example, from 

my learners who did not know what to write, those who did not give themselves enough 

time to think, and those who failed to execute scientific reasoning skills were classified 

into the same codes per question in written task 1, sections A and B. In this way, data was 

classified in terms of different codes per question. Secondly, seeking patterns or themes 

in the codes among different written tasks, observation and interviews followed, 

culminating in a review of themes generated, definitions and names of the themes, and 

the production of analysis report (Braun & Clarke, 2006). In my study, one of the themes 

that emerged with PhET intervention was the inappropriate use of scientific reasoning 

skills such as prediction, analysis, interpretation, evaluation and making inferences. The 

following subtopics also emerged: (1) undocumented reasoning in the change of states 

of matter; (i) not knowing what to write; (ii) particles are too abstract to see with the naked 

eye; (iii) inability to think in a short period of time; (2) lack of making prediction in state of 

matter; (3) inability to analyse and interpret graphs in processes of state of matter; (4) 

inappropriate connections between kinetic energy and temperature and undocumented 

reasoning in the change of states of matter, (i) not knowing what to write, (ii) particles are 

too abstract to see with the naked eye, (iii) inability to think in a short period of time; and 

(5) appropriate use of scientific reasoning skills such as prediction, analysis, 

interpretation, evaluation and making inferences. Learners were able to find the 

relationship between kinetic energy of the particles and the temperature applied. 

Subsequently, they were able to find the relationship because of the visualisation from 

the PhET simulation. To illustrate that I coded some of data as GGGM1, this can be 

explained as “Correct relationship between the temperature applied and the behaviour of 
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the particles, ability to infer and evaluate the written task 3”. I was able to tell if the 

scientific reasoning skills have improved with the intervention of PhET simulation.  

Themes emerged from the coded data after the use of PhET simulation as follows: 

1) appropriate connections between kinetic energy and temperature; 2) ability to analyse 

and interpret graphs in processes of state of matter; 3) making the correct prediction in 

state of matter; 4) developing scientific reasoning skills and understanding of the change 

in states of matter; and 5) inappropriate use of scientific reasoning skills such as 

prediction, analysis, interpretation, evaluation and making inferences. Furthermore, the 

analysis report was produced. After the analysis, the tenets of theoretical framework 

evaluated the results of the study with PhET.  

3.7 Quality criteria 

A central issue in qualitative research is to ensure that results are trusted (Lincoln & Guba, 

1985). Five key concepts are used to evaluate the trustworthiness of qualitative 

research (Treharne & Riggs, 2015).  

3.7.1 Credibility  

I ensured that the research results are credible by engaging in a long-term relationship 

with participants, building trust and ensuring that the results are consistent with what is 

happening in the research setting (Wojcieszak, 2021). Data were collected using various 

methods to answer the how, why and what research questions. Firstly, data were 

collected using the written task about change in states of matter task to answer the how 

and what questions. Lastly, data were collected by conducting semi-structured interviews 

and observations to respond to the why question. The three methods allowed me to 

comprehend learners’ challenges and their causes. Moreover, the methods allowed me 

to confirm that they exhibit different scientific reasoning skills when given the change in 

states of matter during observations and semi-structured interviews.  
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3.7.2 Transferability 

I provided rich descriptions of the research site and participants’ responses as well as my 

interpretations to make ensure that lessons can be drawn from the current study 

(Neyshabur et al., 2020). Thus, to ensure transferability of this study, the results may be 

cautiously transferable to other classrooms to address the scientific reasoning skills of 

the change in states of matter. However, I was cautious when interpreting the data of the 

purposively sampled participants to avoid generalisations. For better management, 

Justice was used to represent the researcher ‘s name, and Learner A, B etc were used 

to represent participants. This enabled me to explore their scientific reasoning skills. 

Therefore, while using data from the study in other contexts, there might be different 

opinions and findings due to the strategic sampling chosen. 

  3.7.3 Dependability  

Will other people do similar studies and get similar results? Between-researcher 

triangulation can be used to study reliability (Bagchi et al., 2019). Audit trails were 

performed so that other researchers can follow the audit trail created by the original 

researcher. The research procedures should be well documented to allow others to follow 

the process. In this study, dependability is attained through an inquiry audit which is a 

way of examining the process and products of research in the absence of the researcher 

(Hoepfl, 1997). However, for a detailed explanation of how the data was analysed, it is a 

priority to conduct an inquiry audit. For instance, in this study, data were analysed by the 

appointed coders into phases.  1) They read and explored the textual and transcribed 

data in detail; and 2) they categorised the data based on their similarities and differences. 

Different categories were coded, and five themes emerged from the codes due to the 

application of the inductive approach. Thereafter, the data were analysed, and the results 

were generated for discussion in the current study (Tracy, 2010). 

3.7.4 Confirmability  

One question to address was: are the findings a product of participants’ responses and 

not the researcher’s ‘biases, motivations, interests or perspectives? In this study, an audit 
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trail was used to evaluate the findings (Lim et al., 2022). A more transparent display of 

findings (reflectivity marked) facilitates the assessment of identifiability. In this study, the 

results are real and can be corroborated by others. There were a number of strategies of 

enhancing confirmability. I checked and rechecked the data throughout the study. PhET 

was obtained from the department of education to be used in the learning and teaching 

of physical science. 

3.7.5 Authenticity 

This study represents different perspectives on this subject. Hence, it is important to 

ensure that results are trusted (Lincoln et al., 2011). The originality of the results was 

verified by the participants. Also, science education practitioners verified the accuracy of 

the results based on its appropriateness to science education (Valsesia & Diehl, 2022). I 

did not create my own data; it was collected through two written tasks, observations and 

semi-structured interviews. The study was worthwhile and contributed to the field of 

chemistry.  

3.8. Ethical consideration 

3.8.1 Informed consent, assent and voluntary participants  

Informed consent is permission granted in full knowledge of the possible consequences 

in which learners can give important information, including risks and benefits 

(Pietrzykowski & Smilowska, 2021). The first letter of permission to request data collection 

at school was sent to the Department of Education Limpopo Province. Participants were 

given a request letter prior to the interview so that they can take the time during the 

interview to indicate whether they would like to participate in this study. The letter was 

written in such a way that the participants consented to take part in the interviews. Also, 

the assent form was given to the learners. Assent form is an act of agreeing to something 

after a thoughtful consideration (Moyer et al., 2022). 



67 
 

3.8.2 Respect, dignity and standard care 

Participants were not allowed to use their real names to protect their dignity (Bilginoğlu et 

al., 2019). Their rights as minors were observed, respecting their decisions and protecting 

them from harm. Also, efforts were made to secure their well-being. During data collection, 

learners, colleagues and the principal of the school were respected. Before going to the 

class, I alerted the teacher who is going to the class after my period not to be surprised 

when I take some of their minutes due to data collection. To alert the teacher in that 

manner is to show respect. During the collection of data, I showed that learners are 

important, and I care about them.  

3.8.3. Permission to carry out the study 

Permission to get access to an organisation to conduct research in a particular field is 

important (Quennerstedt & Moody, 2020). Approval obtained from the Limpopo Basic of 

Education. After obtaining permission, I requested parents of the learners to fill the 

consent form for permission to use them in the study. I applied for ethical clearance from 

Turfloop Research and Ethics Committee (TREC). After receiving the letter, I applied for 

an approval letter from Limpopo department of education.  I sent the proposal via email 

to the department of education and I received the approval letter after 3 weeks of 

submission. Then, I started collecting data. 

 3.8.4 Confidentiality and Privacy 

Confidentiality and privacy refer to a condition in which a researcher knows the identity of 

the research subject but takes steps to protect that identity from being discovered by 

others (Dwork et al., 2020). The participants were guaranteed that their identity will not 

be revealed by the researcher. Learners and the selected school are referred to as school 

A and learner A, B, etc. All hard copies of data were handed to the supervisors for safe 

keeping at the university, and data in soft copies were protected using a password which 

was known only to the supervisors and myself. Everything related to the collected data 

was protected by me and my supervisors. I did not discuss with anyone the data collected, 

but with my supervisors only.  
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3.8.5 Benefits and harm  

Learners participated voluntarily, and can withdraw anytime when they are uncomfortable 

to continue with the study (Hoffmann & Del Mar, 2017). Participants were given an open 

explanation of reasons and benefits for participation. They were informed about reasons 

why they were selected to participate in this research study. I did not promise participants 

any source of income or finance when conducting the study. Learners were free and 

aware that they will not receive any award. 

3.9 Summary of the chapter 

This chapter described the research methodology such as research approach, design, 

sampling, and how data were collected and analysed. The chapter further discussed the 

quality criteria and ethical considerations of the study. The next chapter focuses on data 

analysis and presentation, interpretation of results and discussion. 
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CHAPTER 4 

ANALYSIS, DATA PRESENTATION AND INTERPRETATION OF 
RESULTS  

4.1 Introduction  

The previous chapter presented the methodology of the study where the research design, 

population and sampling techniques, data collection, data analysis, ethical considerations 

and quality criteria were discussed in detail. This chapter will focus on data analysis, 

presentation and interpretation of results and discussion. Furthermore, the chapter will be 

categorised into two parts: analysis, data presentation and interpretation of results and 

discussion. The main purpose of this study was to explore scientific reasoning skills of 

state of matter using physics education technology (PhET). Again, three major research 

questions guided the collection of the data and its analysis. The research questions were: 

How does the use of PhET explores scientific reasoning skills in characterising the state 

of matter?  What are the learners’ scientific reasoning skills of state of matter when using 

PhET?  Why do learners exhibit these particular scientific reasoning skills? 

 Furthermore, the results obtained were analysed thematically. The data were 

collected through the use of two written tasks, observations and semi-structured 

interviews after the usage of physics education technology.  Axial coding was used as 

type of coding.  Five (5) themes emerged, namely: 1) appropriate connections between 

kinetic energy and temperature; 2) ability to analyse and interpret graphs in processes of 

state of matter; 3) making the correct predictions in state of matter; 4) developing scientific 

reasoning skills and understanding of the change in states of matter; and 5) inappropriate 

use of scientific reasoning skills, such as prediction, analysis, interpretation, evaluation 

and making inferences. Themes were interpreted using a theoretical framework and the 

literature in chapter 2 to obtain the findings of the study. Task one and task two answered 

this question:  What are the learners’ scientific reasoning skills of state of matter when 

using PhET? The interview transcript answered this research question: Why do learners 

exhibit these particular scientific reasoning skills? 
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4.2 Data analysis, first written task 

Written task 1 is categorised into sections A and B. The following bar graph is to show 

that learners’ scientific reasoning skills have improved with PhET intervention when 

writing task 1 section A.  As you can see, the “appropriate use of scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences” improved 

a lot when PhET was used. The themes that were developed when PhET was used are 

as follows: 1) an appropriate connection between kinetic energy and temperature; 2) 

ability to analyse and interpret graphs in processes of state of matter; 3) making the 

correct prediction in state of matter; 4) developing scientific reasoning skills and 

understanding of the change in states of matter; and 5) inappropriate use of scientific 

reasoning skills, such as prediction, analysis, interpretation, evaluation and making 

inferences.  

From the bar graph on Figure 4.1 illustrate, there were many learners who 

developed scientific reasoning skills. Interestingly, they were able to visualise the 

behaviour of the particles when writing task 1. In questions 1.1.1 to 1.1.5, learners were 

able to execute scientific reasoning skills since their reasoning showed that they 

understand the topic, even if some still lacked those scientific reasoning skills after the 

use of PhET simulation. Learners managed to execute scientific reasoning skills for 

written task 1. In this way, through the use of PhET, most of them answered question 

1.1.1 correctly. Subsequently, from visualisation, I tried to show them the process of states 

of matter. The particles were closed to each other. When I applied the temperature, the 

particles started to break and increase kinetic energy of the particles. Furthermore, the 

states of matter changed from solid to liquid. Now, learners were able to define the melting 

point as the “temperature at which solid states change to liquid states”. Only few learners 

did not manage to define melting point. They defined it as “solid change to liquid”. The 

definition was not well articulated since they missed that temperature was applied through 

the breaking of molecules. By the correct definition of melting point, learners were able to 

execute the skill prediction. This is the reason in the bar graph, the theme making the 

correct prediction was high in question 1.1.1. The learners answered questions 1.1.2 and 

1.1.3 correctly. The question assessed their scientific reasoning skills such as analysis 
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and interpretation. They indicated that the answer for question 1.1.4 is “gas”, which was 

correct. This showed that they grasped the skill analysis and interpretation in the graph 

given. Additionally, they managed to interpret that when the temperature increases, the 

kinetic energy of the particles also increases. This is the reason why they observed that 

the particles are far away from each other in gas states. Learners managed to answer 

question 1.1.5 correctly. The question assessed the relationship between the temperature 

and kinetic energy of the particles. Indeed, they were able to provide the answer as 

melting for the question. Only few were unable to get the correct answer as it appears in 

the following graph. Hence, they wrote ‘gas’ as the answer, meaning they are still unable 

to analyse and interpret the graph.  Question 1.1.6 tested if learners can evaluate and 

make inferences through visualisation from PhET simulation. In fact, they were aware that 

the temperature was constant and can make the final conclusion from the observation of 

the behaviour of the particles. The majority of the learners choose unchanged because 

the temperature was not changing. This is illustrated in the bar graph. All in all, question 

1.1.7 tested the arrangement of the particles in different states. To be able to answer the 

question correctly, they need to develop analysis, interpretation, evaluation and make 

inferences. Interestingly, in this study most learners understood that an increase in 

temperature increases the spaces in-between the particles. 
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Figure 4.1: A bar graph summarising how learners exhibited scientific reasoning skills in each theme with PhET intervention 
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Figure 4.2 illustrates the performance of learners in bar graph to show that their 

scientific reasoning skills have improved with PhET intervention when writing task 1, 

section B. As you can see, the “appropriate use of scientific reasoning skills such as 

prediction, analysis, interpretation, evaluation and making inferences” is high. Still, many 

of them did not leave blank spaces, were able to make predictions and able to analyse 

when PhET was used. This is because by using PhET simulation, they were visualising 

the behaviour of the particles when writing all the questions in written task 1, section B. 

Before the use of PhET, learners were not able to analyse and interpret the graph given. 

With the use of PhET, they were able to analyse and interpret the graph. For example, 

from written task 1 section B one of the learners responded in this way: 

Justice          : Why was question 1.1.5 in written task 1 section A and question 1.2.4 in   

  written task 1 section B were easy for you to answer? 

Learner B     : Yes the questions were easy for me to answer. 

Justice          : Why? 

Learner B     : Now, I can see the effect of temperature on the behaviour of the particles. 

Justice          : How is the behaviour of the particles? 

Learner B     : When the temperature increases, the kinetic energy of the particles  

  also increases. 

From the transcript above, I wanted to get a bigger picture if learners can execute 

scientific reasoning skills such as analysis and interpretation when learning through PhET 

simulation. Indeed, through PhET simulation, they were able to analyse that if the 

temperature increases, the kinetic energy of the particles also increases. This is the 

reason many of them in question 1.1.4 from written task section A and 1.2.4 from written 

task 1 section B got the answers correct respectively as “gas” in both questions 1.1.4 and 

1.2.4. The use of PhET helped learners to analyse and interpret the graph. The purpose 

of the transcript was to evaluate if PhET can help learners to learn and develop analysis 

and interpretation of the particles when the temperature is applied. Indeed, through the 

answers received from learners, the use of PhET was useful. Furthermore, questions 

1.2.1 to 1.2.8 assess scientific reasoning skills such as prediction, analysis, interpretation, 
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evaluation and making inferences. The graph was given in written task 1 section B to 

allow learners to apply how particles behave through PhET simulation. 
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Figure 4.2: A bar graph summarising how learners exhibited scientific reasoning skills in each theme with PhET intervention 
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The first written task in Figure 4.3 had seven questions. Question 1.1.1 indicated that 

learners should define the term “melting point”. The purpose of the question was to check 

if they can understand what is happening when the temperature is increasing on the 

substance. Subsequently, they should understand that the molecules of the substance 

break when the temperature is applied. Hence, the arrangement of the particles is loosely 

packed when the temperature is applied. This should enable learners to explain the 

melting point as the temperature at which solid states change to liquid states. In questions 

1.1.3, 1.1.4 and 1.1.5, learners were supposed to analyse and interpret the graph given 

to be able to answer the question. Furthermore, they visualised the behaviour of the 

particles when the temperature was applied on the substance. The question tested if they 

can apply what have been observed (the behaviour of the particles) using PhET. Hence, 

learners can be able to analyse and interpret the graph given. The graph shows when the 

temperature is applied and the states of change from one form to another. Questions 

1.1.6. and 1.1.7 of written tasks 1 tested the following scientific reasoning skills: 

prediction, analysis, interpretation, evaluation and making inferences through the use of 

PhET simulation. Learners should answer question 1.1.6 as unchanged. Why? They 

should check the graph to analyse and interpret that the temperature is at constant (not 

changing) while reasoning scientifically. In question 1.1.7, they should understand the 

arrangement of the particles in solid, liquid and gas. Through PhET, the arrangement was 

visualised by learners, and in solid state, the particles were packed together; in liquid the 

particles were loosely packed, while in gas they were far away from each other. All in all, 

most learners managed to get the answers correct while few of them did not. 
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� The following was written task 1 section A 

 

Figure 4.3: Written task 1, section A with PhET intervention (DBE, 2020) 

Table 4.1 illustrates the codes from the data collected through written task 1 sections A 

and B, semi-structured interviews and observations with PhET intervention. 

Consequently, from the codes below, most learners were able to execute scientific 

reasoning skills. Few of them did not execute scientific reasoning skills such as prediction, 

analysis, interpretation, evaluation and making inferences. The use of PhET helped them 

to understand the change in states of matter. From the following codes, five themes 
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emerged as: 1) an appropriate connection between kinetic energy and temperature; 2) 

ability to analyse and interpret graphs in processes of state of matter; 3) making correct 

predictions in state of matter; 4) developing scientific reasoning skills and understanding 

of the change in states of matter; and 5) inappropriate use of scientific reasoning skills, 

such as prediction, analysis, interpretation, evaluation and making inferences. 

Furthermore, the data was analysed and informed by the themes emerging from the 

coded data. The tables of codes sequentially follow each other from written task 1 

sections A and B, semi-structured interviews and observations.   

The coding scheme below was done in this way; learners wrote the written task 

and the scripts were collected for marking purposes. The scripts were categorised and 

classified into groups according to the scientific reasoning skills exhibited by learners. 

After the coding, themes emerged from the data. The coding was done per each question 

in the written task. The first category and classification of learners’ script and interview 

transcripts were grouped as learners who did not leave any space while writing the written 

task and coded as FFM in each question in written task 1. Furthermore, the theme that 

emerged out of the code was developing scientific reasoning skills and understanding of 

the change in states of matter. The second category and classification of learners’ scripts 

and interview transcripts were grouped as learners who found the correct relationship 

between temperature and the behaviour of the particles. It was coded as GGM per each 

question in written task 1. The theme that emerged made the correct prediction in state 

of matter. The third category and classification were coded as TTM and the theme 

developed on the code was able to analyse and interpret graphs in processes of state of 

matter. Hence, the theme was developed because many learners were able to analyse 

and interpret the graph as cooling and heating curve, and the arrangement of the particles 

when temperature is applied. In the fourth category and classification, learners were 

coded as HHM. For this code, they were able to articulate all scientific reasoning skills of 

this study. For example, in written task one in question 1.1.6, “Is the energy absorbed, 

released or unchanged between D and E?” Give a reason for your answer. Many learners 

classified in HHM were able to get the correct answer by just checking the temperature 

vs time graph. When the temperature increases, the kinetic energy of the particles also 

increases. Through the use of PhET simulation, learners were able to execute scientific 
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reasoning skills when writing written task 1. Lastly, the category was coded as IIM per 

each question. In this category, learners were unable to execute scientific reasoning skills. 

Even if PhET was used, it was difficult for them to get the correct answers. From the 

definition of melting and arrangement of the particles, learners did not understand the 

concept. This formed the theme of inappropriate use of scientific reasoning skills such as 

prediction, analysis, interpretation, evaluation and making inferences.
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Table 4.1: Written task 1, codes from learners’ responses in question number 1.1.1, 1.1.2, 1.1.3, 1.1.4 and 1.1.5 

Questions Coding learners’ responses, first written task, observation and semi- structured interview  

Themes emerged from 
the data 

Theme           1:  
Appropriate 
connection 
between kinetic 
energy and 
temperature 
 

Theme                   2: 
Ability to analyse and 
interpret a graph in 
processes of state of 
matter 
 

Theme   3:  
Making 
correct 
predictio
n in state 
of matter 

Theme       4: 
Developing scientific 
reasoning skills and 
Understanding of the 
change in states of matter 

Theme          5: 
Inappropriate use of 
scientific reasoning 
skills such as 
prediction, analysis, 
interpretation, 
evaluation and making 
inferences.  

1.1 Write 
1.1.1 Between which 
two letters is the 
vapour pressure equal 
to the atmospheric 
pressure 
1.1.2 The phase of a 
substance between 
letter E and F 

FFM312: 
Able to master the 
concept, paying 
attention, clue 
(having an idea) of 
what to do), willing 
to think. 

GGM312: 
Correct relationship 
between the 
temperature applied 
and the behaviour of 
the particles, ability to 
infer and evaluate. 

TTM312: 
Ability to 
interpret the 
given graph in 
states of matter. 

HHM312: 
Appropriate to 
provide reasons for 
the answers chosen, 
and Able to analyse 
the given graph and 
to tell the process 
taking place on the 
given graph. 

IIM312: 
Inappropriate to find the 
relationship between the 
temperature applied and 
the behaviour of the 
particles also the 
process taking place on 
the given graph. 

1.1.3 The process 
taking place between 
letters B and C 

FFM323: 
Able to define 
Process taking 
place, able to 
analyse the graph, 
recalling process of 
states of matter. 

GGM323: 
Correctly, to check if 
the graph is cooling 
curve or heating curve, 
correctly interpreting 
the graph given. 

TTM323: 
Ability to reason 
scientifically, due 
to visualisation. 

HHM323: 
Appropriately, to 
analyse the given 
graph, and to tell the 
process taking place 
on the given graph 
and able to 
prediction.  

IIM323: 
Inappropriate to 
analysis, interpretation, 
and evaluation to be 
able to draw the 
conclusion.  
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1.1.4 Is the energy 
ABSORBED, 
RELEASED OR 
UNCHANGED 
BETWEEN D and E? 
Give a reason for your 
answer 

FFM33: 
 Able to find 
relationship 
between 
temperature 
applied and kinetic 
energy of the 
particles. 

GGM33: 
Correct implementation 
of scientific reasoning 
skills such as 
prediction, analysis, 
interpretation and 
evaluation. 

TTM33: 
Ability to provide 
reasons due to 
the observing of 
the movement of 
the particles. 

HHM33 
Appropriate to 
articulate scientific 
reasoning skills, and 
to characterise 
states of matter as 
solid, liquid and gas.  

IIM33: 
Inappropriate, to 
articulate scientific 
reasoning skills and to 
characterise three 
states of matter. 

1.1.5 State how spaces 
between the particles 
change between letters 
A and B. Write increase, 
decrease or unchanged 

FFM34: 
 Able to understand 
the behaviour of 
particles. 

GGM34: 
Correct, use of 
scientific reasoning 
skills, randomly 
choosing the answer 
due to lack of 
visualisation. 

TTM34: 
Ability to answer, 
inability to recall, 
what is the 
heating curve. 

HHM34: 
Appropriate to 
perform experiment 
related to the written 
task given, and lack 
of analyses  

IIM34: 
Inappropriate to 
improvise (using 
experiments) related to 
the written task given 
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 Figure 4.4 illustrate written task 1 section B. The purpose of the task was to check if 

learners can execute scientific reasoning skills. In question 1.2.1, they were expected to 

define “sublimation” as a way of preparing them to answer the rest of the question in 

written task 2. They were expected to answer question 1.2.1 as the change in which the 

solid states change to gas states. In question 1.2.2, they were expected to use the 

knowledge relating to when the temperature increases, it breaks the molecule of the 

substance. Question 3.3 tested if they can analyse and interpret the graph by just 

checking on it to see that the temperature in the graph is decreasing. But the graph ended 

up being a cooling curve. In question 1.2.4, they were supposed to check the temperature 

at substance X, and thereafter decide on the phase of the substance. In that way, they 

will be analysing and interpreting the graph of the change in states of matter. In question 

1.2.4.1, they were supposed to check that the temperature is very low then the states can 

be solid. In question 1.2.5 they were supposed to recall what condensation is. 

Furthermore, in question 1.2.6, they were supposed to make inferences; after observing 

the behaviour of the particles, they should draw conclusions about the arrangement of 

the particles. In question 1.2.7, they were supposed to recall the temperature of water at 

room temperature while comparing it with the temperature in the graph. In question 1.2.8, 

skills such as analysis, interpretation and evaluation need to be exhibited since this is a 

high cognitive question. 
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� The following was written task 1 section B 

 

Figure 4.4: Written task 2, section B with PhET intervention (DBE, 2019) 
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Table 4.2 illustrates the coding scheme for written task 1, section B. Vignettes were 

categorised and classified into groups according to the scientific reasoning skills exhibited 

by learners. After the coding, themes emerged from the data. The coding was done per 

each question in written task 1, section B. The first category and classification of the 

learners’ scripts and interview transcripts were grouped in terms of similar characteristics. 

Subsequently, the themes that emerged from the coded emerged.  Learners were able to 

find the effect of temperature on the change in states of matter. This is the reason why 

when the graph is given, it was easy for them to analyse and interpret referring to the 

decrease and increase in the temperature due to the visualisation from PhET simulation. 

The classification of scripts, interview transcripts and observations were coded as OOM 
per each question of written task 1 section B. The theme that emerged in this coded data 

had to do with making the correct prediction in state of matter. Thirdly, the data was coded 

as TTM, and the theme that emerged out of the code is: ability to analyse and interpret 

graphs in processes of state of matter.  The fourth code was coded as PPM, and the 

theme that emerged was as follows: an appropriate connection between kinetic energy 

and temperature.  

Furthermore, the fifth code in this written task was coded as UUM, and the 

emergent theme from the code was as followed: inappropriate use of scientific reasoning 

skills such as prediction, analysis, interpretation, evaluation and making inferences. The 

scripts were collected, transcript interviews and observation schedules were categorised 

and analysed in order to come with the theme. In terms of undocumented reasoning in 

the change of states of matter, some of the learners were not able to write the answer 

due some reasons. Through interview, I found that some learners did not give enough 

time to think related to the question posed. Others failed to execute scientific reasoning 

skills such as prediction, analysis, interpretation, evaluation and making inferences. 

Others were unable to visualise the behaviour of the particles, and there were those who 

indicated that the topic was too abstract. 

In responses in the written task section B, learners were unable to connect kinetic 

energy of the particles with the temperature applied. In question 1.2.2 in the block of 

margarine was directed to the sun, learners were supposed to connect temperature with 
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kinetic energy of the particles. Few learners failed to understand that the increase in 

temperature is proportional to the increase in the kinetic energy of the particles. In short, 

they were only imagining the process without putting it in to practice because they cannot 

see the particles with the naked eye. They know that the block of margarine will melt but 

related to the particles and molecules, they did not have the idea. The cause of the 

misunderstanding to connect the temperature applied with the kinetic energy of particles 

is the lack of scientific reasoning skills. 
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Table 4.2: Written task 1 section B, codes from learners’ responses in question number 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6, 1.2.7, and 1.2.8 

Questions Codes from learners’ response of second written task, observation and semi- structured interview. 

Themes emerged from 
the data when PhET was 
used 

Theme           1:  
Appropriate 
connection 
between kinetic 
energy and 
temperature 

Theme                   2: 
Ability to analyse 
and interpret a 
graph in 
processes of state 
of matter 

Theme           3:  
Making correct 
prediction in state 
of matter 

Theme        4: 
Developing 
scientific reasoning 
skills and 
Understanding of 
the change in states 
of matter 

Theme          5: 
Inappropriate use of 
scientific reasoning 
skills such as 
prediction, analysis, 
interpretation, 
evaluation and making 
inferences.  

1.2.1 Define Sublimation 
 
 
 
 
 
 

ZZM31: 
Able to think, 
grasping concept, 
paying attention, 
having an idea of 
what to do, willing to 
think and able to 
reason scientifically. 

OOM31: 
 Correct 
relationship 
between the 
temperature 
applied and the 
behaviour of the 
particles, Able to 
infer and evaluate. 

TTM31: 
Ability to interpret 
the given graph 
in states of 
matter. 
 
 
 

PPM31: 
Appropriately to provide 
reasons for the answers 
chosen, and able to 
analyse the given graph 
(Able to tell the process 
taking place on the given 
graph). 

UUM31: 
Inappropriate to find the 
relationship between the 
temperature applied and 
the behaviour of the 
particles also the process 
taking place on the given 
graph. 
 

1.2.2 When you take a 
block of margarine out 
of the fridge, it is hard. 
However, after 30 
minutes at room 
temperature it is soft to 
spread. Use kinetic 
molecular theory to 
explain this observation  

ZZM32: 
 Able to analyse the 
graph, recalling 
process of states of 
matter. 

OOM32: 
Correctly, to check 
if the graph is 
cooling curve or 
heating curve, 
correctly 
interpreting the 
graph given. 

TTM32: 
Ability to reason 
scientifically, due to 
availability of 
observation and 
visualisation. 

PPM32: 
Appropriate to 
analyse the given 
graph (able to tell the 
process taking place 
on the given graph 
and ability of 
prediction.  

UUM32: 
Inappropriately, analysis, 
interpretation, and 
evaluation to be able to 
draw the conclusion.  
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1.2.3 Is the diagram 
above showing a 
cooling or heating curve 

ZZM33: 
 Able to relationship 
between 
temperature applied 
and kinetic energy of 
the particles. 

OOM33: 
Correct 
implementation of 
scientific reasoning 
skills such as 
prediction, 
analysis, 
interpretation and 
evaluation. 

TTM33: 
Ability to provide 
reasons due to the 
availability of 
observing the 
movement of the 
particles. 
  

PPM33: 
Appropriate to 
articulate scientific 
reasoning skills, and 
inability to 
characterise states of 
matter as solid, liquid 
and gas.  

UUM33: 
Inappropriately to 
articulate scientific 
reasoning skills and to 
characterise three states 
of matter. 

1.2.4 Name phases of 
the substance at: 
1.2.4.1 Point X 
1.2.4.2 -20 °c 

ZZM34: 
 Able to understand 
the behaviour of 
particles. 

OOM34: 
Correct use of 
scientific reasoning 
skills, choosing 
correct answer due 
to visualisation. 

TTM34: 
  Ability to recall, 
what is the heating 
curve. 

PPM34: 
Appropriate to 
perform experiment 
related to the written 
task given, and lack 
of analyses.  

UUM34:  
Inappropriate to 
improvise (using 
experiments) related to 
the written task given. 

1.2.5 Write down the 
stage of this substance 
at 85 °c 

ZZM35: 
 Able to develop 
scientific reasoning 
skills or having 
enough knowledge. 

OOM35 
correct answer, 
comprehensible, 
correct answer. 

TTM35: 
Ability to perform 
experiment related 
to the written task 
given, and able 
analyses. 

PPM35: 
Appropriate use of 
scientific reasoning 
skills. 

UUM35: 
Inappropriate use of 
scientific reasoning skills 

1.2.6 Write down the 
particle arrangement of 
this substance at: 
1.2.6.1 Point Z 
1.2.6.2 Point Y 
 

 OOM36: 
Correctly to 
analyse graph, due 
to visualisation. 

TTM36: 
Ability to interpret 
the change in states 
of matter, clearly 
differentiating three 
states of matter 
without guessing. 

PPM36: 
Appropriate 
response, with the 
idea of arrangement 
of the particles in 
three different states 
of matter. 

UUM36: 
Inappropriately exhibited 
scientific reasoning skills 
accordingly. 

1.2.7 The above 
substance is not water. 
By referring to the 
diagram, explain why 
this curve does not 
represent water?  

ZZM37: 
 
. 
 

OOM37: 
 

TTM37: 
Ability to Interpret of 
the change in states 
of matter, without 
confusing three 
different states of 
matter. 

PPM37: UUM37: 
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1.2.8 What happens to 
the temperature of the 
substance during a 
phase change? Write 
down only increase, 
decrease or remains the 
same. Give a reason for 
the answer  

ZZM38: 
 Able to write, even if 
the question is in 
high cognitive level, 
thinking clearly, no 
Blank spaces for 
various reasons. 

OOM38: 
Correctly to find the 
relationship 
between 
temperature and 
the behaviour of the 
substance. 

TTM38: 
  

PPM38: 
 

UUM38: 
Inappropriate to find the 
relationship between 
temperature and the 
behaviour of the 
substance. 
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� The following themes are for written task 1 sections A and B, semi- structured 

interview and observation after the use of PhET simulation 

4.2.1 Theme 1:  Appropriate connection between kinetic energy and temperature 

Learners were able to observe the behaviour of particles. From learners’ scripts, they 

answered question 1.2.6 from written 1 section B correctly. For example, they managed 

to get the arrangement of the particles while the temperature was decreasing. They 

indicated that when the temperature decreases, even the behaviour of the particles 

decreases. Subsequently, they provided that the states of matter change from gas to 

liquid and liquid to solid when the temperature decreases. Furthermore, in written task 1, 

they were able to observe that when the temperature increases, the kinetic energy of the 

particles also increases. Hence, they were able to indicate that when the temperature 

increases, the states change from solid to liquid and liquid to gas. They end up providing 

the answer for question 1.1.5 from written task 1 section A as gas which was correct. 

More importantly, learners provided that the reason for the temperature is directly 

proportional to kinetic energy of the particles. Interestingly, the temperature affected the 

arrangement of the particles to change the states of matter from one form to another. For 

example, solid to liquid. Thus, by using PhET simulation, learners were able to find the 

relationship between the behaviour of the particles when the temperature is applied. Now, 

the particles are in motion when the temperature is applied. They were able to conclude 

by checking the arrangement of the particles. By using PhET, they develop scientific 

reasoning skills such as analysis and interpretation. Their reasoning was based on what 

was observed. By so doing, the change in states of matter was easy to learn.  

� The following vignettes from written tasks 1 sections A and B show the 

improvement of learners on the relationship between the behaviour of the particles 

and the temperature applied. 
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Figure 4.5b: Learner B section A response 

         

 

Figure 4.5a: Learner D section A and B response 
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Figure 4.5c: Learner W section A and B response 
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Figure 4.6 shows how learners used PhET to find the relationship between the behaviour 

of the particles and the temperature applied. They adjusted the temperature by increasing 

and decreasing it. Below it shows the decrease in temperature. Now, the particles are 

closely packed and are clear in the graph given. When learners increased the 

temperature, the particles started to be loosely packed to form liquid states. Again, when 

they kept on increasing the temperature, the state changed to gas states. PhET simulation 

helped them to learn better since the change of states of matter is too abstract in nature. 

Additionally, the pressure is directly proportional to the applied. Learners were to visualise 

this with the naked eye.  

 

Figure 4.6: PhET simulation, the relationship between the behaviour of the particles and temperature 

(decreased) 

Justice         : Can you please explain the effect of temperature on the kinetic energy of  

  the particles? 

Learner W    :    When the temperature was decrease, the kinetic energy of the 

                          particles also decreased. 

Justice          :   Good, how did you know the arrangements of the particles? 
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Learner W    :   Through PhET simulation, it was easy to observe the behaviour of the  

                         particles in solid, liquid and gas. 

Justice         :    Do you mean PhET was useful in learning the change of states of  

                         matter? 

Learner W  :     Yes PhET made the topic and the questions from written task 1, section  

                          A and B simple. 

Justice         :   Why do you say that? 

Learner W   :    I was able to see the particles with my naked eye. 

Justice W    :   Okay, I get it. 

From the interview transcript, I can tell that PhET simulation helped learners to 

learn the change in states of matter. Similarly, from learners’ vignette, it was easy for them 

to execute scientific reasoning skills such as analysis and interpretation. Hence, their 

skills developed because they can now observe the kinetic energy of the particles and 

relate it with temperature. Also, when the temperature decreases, they can make a final 

judgement on the states of matter by observing the behaviour of the particles. The reason 

for them to execute analysis and interpretation as a skill when the temperature is 

increasing is because they do it practically while observing the behaviour of the particles.  

  Animation Figure 4.7 shows that when the temperature increases, the behaviour 

of the particles gains kinetic energy. This is the reason the behaviour of the particles in 

Figure 4.6 is not the same as the particles in Figure 4.7. In Figure 4.6, the temperature 

decreases and the particles take the states of solid. While in Figure 4.7, the temperature 

is increased and the particles take the liquid states. From the vignette below, learners 

were able to observe that when the temperature is high, the kinetic energy of the particles 

is also high. If you can check in Figure 4.6 and Figure 4.7, the temperature in Figure 4.6 

was 0K and in Figure 4.7, it was 53K. Additionally, learners were taught how to change 

the temperature from kelvins to degrees Celsius (1K=-272.15). Because PhET uses 

kelvins to avoid confusion to the learners. All in all, learning through PhET simulation 

helped them to get the correct relationship between kinetic energy of the particles and the 

temperature. 
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Figure 4.7: PhET simulation, the relationship between the behaviour of the particles and the temperature 

(Increased) 
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4.2.2 Theme 2:  Ability to analyse and interpret a graph in processes of states of matter 

 

 

                  Figure 4.8a: Learner H Section A response    Figure 4.8b: Learner J section A response 
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 Figure 4.8c: Learner K Section A response 
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With the use of PhET simulation, learners were able to analyse and interpret the graph in 

processes of states of matter. They were able to spot if the graph is cooling curve or 

heating curve. On the one hand, they were able to define the sublimation and melting 

point by just analysing the graph. On the other hand, they were able to interpret the graph 

by indicating when the phase changes from one form to another. For example; “solid to 

gas”. From the use of PhET, the following vignette helped them to develop scientific 

reasoning skills such as analysis and interpretation, because they were able to reason 

out by noticing that the graph is for cooling and heating curve. As you can see, there is 

speed, temperature and kinetic energy, the behaviour of the particles and pressure. 

Learners were able to observe how the variables are related. This is the reason they were 

able to apply the knowledge acquired from this visualisation in written task 1 sections A 

and B. Through the visualisation, the behaviour on the particles is not the same as the 

one on the vignette below. The reason is that when you increase the temperature, 

learners were able to see that the behaviour of the particles or kinetic energy also 

increases. The same thing, when the temperature decreases, the behaviour of the 

particles or kinetic energy also decreases. Furthermore, many learners were able to 

notice that the temperature affected the behaviour of the particles. This is the reason it 

was easy for them to understand different states of matter from the graph in written tasks 

1 and 2. Hence, learners developed scientific reasoning skills such as analysis and 

interpretation because of the visualisation of the particles when the temperature is 

increased or decreased.  

Justice         : Through observation, how can you explain the behaviour of particles? 

Learner J     :  When the experiments started, the particles were packed together. 

Justice         :  What do we call that states? 

Learner J     : Solid. 

Justice         : Why? 

Learner J:        At the beginning, I did not apply the temperature, the ice was formed.  

           

Justice        : What did you observe when I started increasing the temperature? 

Learner J    : The particles started to move…. 

Justice        : Good, when the particles started to move it means the phase changes from 
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                      solid to liquid. 

Learner J       :  OOHHHH, with the peers in the class started to understand the topic         

         “change in states of matter”. 

Justice         :  Asking group of learners, what happens when I keep increasing the  

                      temperature? 

Learner J with his classmates: The phase will change to gas now, the particles are far  

                                                 away from each other. 

Justice          : Good. 

From the transcript above, learners were able to interpret the question for written 

task 1 sections A and B because they applied what was seen with the naked eye. They 

indicated that from both graphs in written task 1 sections A and B, they were able to 

interpret when the temperature increases and decreases. Furthermore, they indicated 

that when the temperature increases or decreases, it affected the change in states of 

matter. This is the reason they were able to answer the questions correctly with the 

intervention of PhET simulation. To analyse and interpret the graph of processes of states 

of matter was easy in written task 1 sections A and B. Briefly, PhET made the learning of 

change in states of matter less abstract. Thus, the theme that emerged from the collected 

data was ability to analyse and interpret a graph in processes of states of matter. 

Additionally, it was coded as TTM for written task 1, sections A and B. 
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Figure 4.9: The relationship between temperature, pressure, speed of the particles, kinetic energy 

Figure 4.9 is an animation that helped learners to reason scientifically. Concerning 

when you keep increasing the temperature, the states of matter can change from solid to 

liquid and liquid to gas. From written task 1, sections A and B, learners were allowed to 

give the states of matter when the temperature was increasing in the graph. Indeed, 

through PhET simulation, they were able to notice that the temperature affects the 

behaviour of the particles. More importantly, from the animation above, the behaviour of 

the particles represents the gas states. At the same time, learners observed the behaviour 

of the particles from solid to gas states.  From Figure 4.9, the temperature starts from 0K 

to 527K and even the speed of the particles started at 0 m/s to 1867 m/s. Hence, this is 

to illustrate that temperature is directly proportional to the behaviour of the particles. All in 

all, from the observation of the particles in relation to temperature, learners were able to 

interpret and analyse the graph in written task 1, sections A and B. 
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4.2.3 Theme 3: Making correct prediction in state of matter 

 

 

Figure 4.10a: Learner E section B response 

                        

Predicting the state of matter of a substance often involves considering factors like 

temperature and pressure, as well as the intermolecular forces within the substance. Here 

is a basic guide for predicting the state of matter. Learners were able to adapt the aspect 

temperature. As a general rule, increasing the temperature tends to promote transitions 
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from solid to liquid to gas. Conversely, decreasing temperature favours transitions in the 

opposite direction. At very low temperatures, some substances were able to change the 

states from gas to liquid and to solid. Pressure in the written tasks was also an aspect. 

Increasing pressure can cause substances to transition to a denser state. For example, 

at higher pressures, gases may liquefy or solidify. Conversely, decreasing pressure can 

cause liquids to vaporise or solids to sublimate. By using PhET simulation, it was easy 

for learners to understand the topic. Additionally, they were observing the behaviour of 

the particles. The strength of intermolecular forces within a substance greatly influences 

its state of matter. Substances with strong intermolecular forces such as hydrogen 

bonding or ion-ion interactions tend to exist as solids or liquids at room temperature, while 

those with weaker forces often exist as gases. Learners were able to visualise the 

attraction by using PhET simulation as a tool. PhET simulation made learners to 

understand the topic better. By just checking on the states of matter graph, they were 

able to predict if it is a melting point, boiling point or sublimation. The states can change 

from one form to another. For example, solid to liquid and liquid to solid. The following 

shows different states of matter as solid, liquid and gas. 

 

Figure 4.11: Liquid state through PhET simulation 
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Figure 4.11 illustrated the hypothesis: when the tempearature is applied, the 

process of the states is melting point. The above vignette helped learners to come up the 

correct definiton of melting point. Many learners in written task 1 section A indicated that 

melting point is the temperature at which solid changes to gas. Indeed, from the above, 

learners were able to observe that the bonds of the substance are breaking. Futhermore, 

the states of matter changed from solid to liquid while the tempearture was applied. 

 

Figure 4.12: Solid states through PhET simulation 

 Vignette in Figure 4.12, I showed the learners the behaviour of the particles in 

solid states. The vignette helped them to apply what was seen on the video in the written 

task 1, sections A and B. The particles are closely packed together. From written task 2, 

learners were asked to write down the particle arrangement of particles at point Z and 

point Y. They managed to get the correct answers because they can observe that the 

decrease in temperature decreases the behaviour of the particles. Indeed, they managed 

to interpret the graph by indicating that the graph is for the cooling curve. This means that 
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for Point Y, learners indicated that the particles are loosely packed, while in Point Z, the 

particles are closely packed. In conclusion, they were able to predict and define the 

melting point.  

 

Figure 4.13: Gas state through PhET simulation 

Figure 4.13 above illustrates phase diagrams, which graphically represent the 

relationships between temperature, pressure, and the states of matter of a substance.  

With the use of PhET, learners were able to help to predict the state of a substance under 

specific conditions. They predicted in this way from written tasks 1 and 2 respectively. In 

written task 1, they indicated that the graph is for heating curve, the reason being that 

when the temperature increases, the behaviour of the particles will also increase. 

Furthermore, the states of matter will change from solid to liquid. Finally, they indicated 

that the graph takes the melting process. This is the reason they managed to define 
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melting point as the temperature at which solid changes into liquid. Similarly, in section 

B, learners indicated that the graph is for cooling curve. Finally, the process of states of 

matter ends up freezing because the temperature decreased to form solid states. Again, 

the arrangement of a chemical structure when PhET was used implies that the molecular 

structure of a substance can also play a role in determining its state of matter. For 

example, linear molecules might be more likely to form solids, while spherical molecules 

might favour gases. Furthermore, phase transitions in understanding the specific 

conditions under which phase transitions occur (e.g., melting, freezing, boiling, 

condensation) were helpful in predicting the behaviour of a substance as it changes state.  

By considering these factors, you can make informed predictions about the state of matter 

of a substance under different conditions. However, it is important to note that predictions 

may not always be accurate due to the complexity of interactions involved. Hence, I 

indicated what learners responded from written task 1, sections A and B. The following 

scripts show the improvement of learners when PhET was used. 
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             Figure 4.14a: Learner B section B response              Figure 4.14b: Learner Y section B response   
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Justice        : Why was question 1.1.4 in written task 1, section A and question 1.2.4 in  

                      written task 1 section B were easy for you to answer? 

Learner B   : Yes the questions were easy for me to answer. 

Justice       : Why? 

Learner B  : Now, I can see the effect of temperature on the behaviour of the particles. 

Justice       : How is the behaviour of the particles? 

Learner B  : When the temperature increases, the kinetic energy of the particles also 

                    Increases. 

Justice      :  Now, you got the relationship correct. 

Justice      :    How did you get question 1.13, 1.1.4 and 1.1.5 correct? 

Learner Y : It was easy for me to get the answer correct. 

Justice      : Why? 

Learner Y  : Through visualisation from PhET simulation, I was able to analyse and 

                   interpret the graph by checking the effect of temperature on the behaviour of  

                   the particles. 

Justice      : This is the reason you were able to answer the questions? 

Learner Y : Yes sir. 

Justice     : But on the PhET, you were not given a graph, how did you comprehend the 

                 Questions? 

Learner Y    :  Those questions were the application of what I observed.  

Justice         : Why was question 1.1.4 in written task 1 and question 1.2.4 on section  

  B were easy for you to answer? 

Learner D      : Yes, I observed the particles moving with my naked eye. 

Justice           : Okay….. add more related to the observation. 

Learner D        : The change in states of matter was too abstract to learn without   

   visualisation in 3 dimensions.  

Justice           : Good   

From the transcript above, learners needed a tool to visualise the behaviour of the 

particles when the temperature is applied. At the same time, they were able to visualise 

the change in states of matter. Moreover, due to high kinetic energy of the particles of the 

behaviour and low kinetic energy of the particles, they were able to acquire scientific 
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reasoning skills such as interpretation and analysis. Two written tasks 1 and 2 illustrate 

that learners were supposed to analyse and interpret the graph related to the change in 

state of matter. Indeed, they were able to analyse and interpret the graph. Additionally, 

this is the reason Learner B from the transcript showed that he understands the 

relationship between the temperature and kinetic energy of the particles.  All in all, the 

use of PhET simulation was fruitful in learning the change in states of matter. 

4.2.4 Theme 4: Developing scientific reasoning skills on the change of states of matter 

and understanding of the change in states of matter 

Through the use PhET simulation, learners were able to develop scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences. Through 

the use of PhET simulations, many of them were able to define melting point and 

sublimation. They defined melting point as the temperature at which solid states change 

to liquid states, sublimation as the change of solid to gas. Frome the two definitions, I 

concluded that learners mastered the prediction skill. Furthermore, from the two graphs 

in written task 1 sections A and B, they were able to recognise that the increase in 

temperature increases the kinetic energy of the particles. Similarly, the decrease in 

temperature decreases the kinetic energy of the particles. Interestingly, the relationship 

of temperature with kinetic energy helped learners to develop the skills of analysis, 

interpretation and evaluation. Hence, after the mastery of the skills, they need to observe 

the behaviour of the particles for them to develop inferences. In this study, they used 

PhET to observe the behaviour of the particles. For learners to reason scientifically, they 

need to observe. In this study, they were observing the change in states of matter. They 

used what they observed to write the two written tasks 1, sections A and B. 

Justice       : Why was written task 1, sections A and B was easy for you to get the  

  questions correct?  

Learner S      : Because, we were able to utilise scientific reasoning skills, such as  

                         prediction, analysis, interpretation, evaluation and making inferences. 

Justice           : This is because of using PhET simulation as tool for you to display scientific 

                   reasoning skills accordingly. 
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Learner S       : Yes.    

Justice             :  Why was written task 1, sections A and B easy for you to get the questions 

                         correct?  

Learner M    :   Sir, I have the same reason with learner S. 

 Understanding the change in states of matter was crucial in comprehending the 

behaviour of substances under different conditions in written task 1, sections A and B. 

Matter can exist in three primary states: solid, liquid and gas. The transition between 

these states occurs due to changes in temperature and pressure. In the solid state, 

particles are closely packed together and have fixed positions. They vibrate around these 

positions, but they do not move freely past one another. Solids have definite shapes and 

volumes. Liquids have particles that are still closely packed together, but they are free to 

move past one another. This allows liquids to flow and take the shape of their container. 

Liquids have a definite volume but not a definite shape. Hence, the use of PhET made 

the learning simple, by recognising the effect of temperature and pressure on behaviour 

of particles. The following transcript interviews are about learners’ understanding of the 

concept with the intervention of PhET simulation. 

Learner R: Gases have particles that are far apart and move freely. They have neither a 

                  definite shape nor a definite volume and will expand to fill the entire volume  

                  of their container. 
These state changes occur through processes known as phase transitions: 

Learners R, T, Y, I and N    : Explain the following process to show how their  

                                               scientific reasoning has improved. 

Melting: the transition from solid to liquid, where a solid substance gains enough 

thermal energy to overcome the forces holding its particles in a fixed position. 

Freezing: the transition from liquid to solid, where a liquid loses thermal energy, causing 

its particles to slow down and eventually form a solid structure. 

Vaporisation: the transition from liquid to gas, which can occur either gradually through 

evaporation or rapidly through boiling. In both cases, the liquid gains enough energy to 

overcome intermolecular forces and escape into the gas phase. 
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Condensation: the reverse of vaporisation, where a gas loses enough energy to 

transition into the liquid phase. 

Sublimation: the transition directly from solid to gas, bypassing the liquid phase, or from 

gas to solid without going through the liquid phase. This occurs under specific conditions 

of temperature and pressure. 

Thus, understanding these changes in states of matter is fundamental in various fields, 

including chemistry, physics and engineering, as they underpin many natural phenomena 

and industrial processes. 
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Figure 4.15a: Learner S section A and B response                                   Figure 4.15b: Learner M section A and B response 
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4.2.5 Theme 5: Inappropriate use of scientific reasoning skills such as prediction, 

analysis, interpretation, evaluation and making inferences. 

Some of the learners still lack scientific reasoning skills even after the intervention of 

PhET.  They did not show that they were visualising the behaviour of the particles through 

PhET. The following is a transcript interview to show how learners were still struggling to 

execute scientific reasoning skills. Additionally, the transcript interview showed that few 

of them were still confused after PhET intervention.  

Justice        :    Why did you not get the correct answers? Even when you were visualising 

  the behaviour of the particles through PhET simulation? 

Learner W     :  Truly speaking, the topic is too difficult for me to comprehend. 

Justice          :   When the temperature is applied, how is the behaviour of the particles? 

Learner W     :     The problem with these questions is that they want us to analyse and  

   interpret the graph. I don’t know the answer. 

Justice          :    Okay….  

Justice          :    According to you what is particle? 

Learner A      : Truly speaking sir, I don’t know what to say. 

Justice          : For you to understand this written task, first 

                      you must understand what particle is. 

Justice       : Again, what is the behaviour of particles in solid, liquid 

                    and gas? 

Learner A  : In solid the particles are closed to each other, for liquid 

                   and gas I don’t know how to differentiate in terms of the particles. 

Justice     : To differentiate liquid and gas, according to the behaviour 

                   of particles, you must apply the temperature. The more the temperature, the 

  more kinetic energy of the particles. 

Justice     :   Why did you write boiling in question 1.1.4 because the phase of the  

                   substance is the one that is needed? 

Learner A  :   I thought the question wants process not the phase.   

The transcript above showed that the behaviour of particles in state of matter is 

too difficult to visualise with the naked eye.  For learners to get questions 1.1.3 and 1.1.4, 
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they need to acquire scientific reasoning skills such as prediction. Furthermore, before 

answering written task 1, they need to predict. For example, using my own example, they 

might start by saying the graph is for cooling or heating curve. Thereafter, they should 

come up with the correct relationship between the temperature applied and the behaviour 

of the particles. Moreover, according to the transcript above, learners in Grade 10 find it 

difficult to analyse the relationship between temperature and the particles. Learner A in 

the transcript indicated that “I don’t even understand what is particles”. This shows that 

to say a particle is a small portion of matter is not enough for learners to understand since 

particles are macroscopic in nature. Interestingly, as a teacher, I tried to draw three boxes 

on the board to show them the behaviour of particles using three boxes; but still, some of 

the learners find it difficult since the particles are not moving. They only visualise them.
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Figure 4.16a: Learner A section A response Figure 4.16b: Learner B section B response 
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Figure 4.16c: Learner U section B response 
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Learners used to learn states of matter to visualise the particles on the chalkboard. 

For example, the illustration of the behaviour of the particles on the chalkboard was in 

this way: 

 

Figure 4.17: Behaviour of the particles on the chalkboard 

All in all, learners failed to connect the temperature applied and the kinetic energy 

of the particles. They learn chemistry better through observation, since chemistry is a 

mind-on and hands-on subject. Subsequently, in this study, for learners to understand the 

change in states of matter, they need to observe the behaviour of particles in three 

different states of matter. Presently, from learners’ scripts, you can tell that they need to 

visualise the change in states of matter. Over more, the written task in section A in 

question 1.1.6 showed that learners chose the answer. However, they did not have a valid 

reason to substantiate that answer, and thus left the space. 

4.3 Written task 2 on state of matter, temperature and kinetic energy 

Figure 4.18 illustrates that learners’ scientific reasoning skills have improved with PhET 

intervention when writing task 2. As you can see, the “appropriate use of scientific 

reasoning skills such as prediction, analysis, interpretation, evaluation and making 

inferences”. Hence, learners were clearly executed scientific reasoning skills. In this 

written task, the use of PhET simulation was to test if learners can adapt scientific 

reasoning skills. Indeed, many of them were able to get the answers correct in this written 
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task. In question 2.2, it was very difficult to imagine how the temperature and kinetic 

energy of the particles are related. Furthermore, through PhET, learners were able to get 

the answers correct because it was easy to visualise how the temperature affects the 

kinetic energy of the particles. On the PhET simulation, they were able to decrease and 

increase the temperature while observing the behaviour of the particles. In this way, they 

were able to adapt prediction, analysis, interpretation, evaluation and inference in this 

written task. Question 2.3 was about the arrangement of the particles. It was easy for 

learners to choose the answer as the gas expands and occupies the whole space since 

it was a multiple-choice question. As you can see in the graph, scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences are well 

articulated. Thus, the scientific reasoning skills of learners has improved according to the 

bar graph. Similarly, question 2.5 allowed them to provide the properties of solid, liquid 

and gas. The question was too abstract in nature, but through PhET, learners can observe 

the properties in terms of particles, size, shape and density. Through PhET simulation, 

the properties of solid, liquid and gas were not the same. For example, particles in solid 

are packed together, in liquid they are loosely packed, and in gas, they occupy the whole 

space.



117 
 

 

Figure 4.18: A bar graph summarising how learners exhibited scientific reasoning skills in each theme with PhET intervention 
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The task in Figure 4.19 was given to the learners as written task 2, which consists of five 

questions. Question 2.1 was for learners to recall three states of matter and to describe 

each. Questions 2.2, 2.3 and 2.4 are multiple choice questions but the cognitive level of 

the questions is high in terms of Bloom’s taxonomy. Learners observed the behaviour of 

the particles for them to answer the three questions. In question 2.2, the answer was 

“temperature”, in question 2.3, the answer was “expanded”, lastly in question 2.4, the 

answer was “increase”. Many learners were able to get the answers correct through PhET 

simulation. Question 2.5 was to differentiate three states of matter in terms of the 

behaviour of the particles. The question was a low cognitive level. Learners were able to 

recall and answer the question correctly. 

 

Figure 4.19: Written task 2 with PhET intervention 
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Table 4.3 illustrates the coding scheme for written task 2. Learners wrote written task 2 

and the vignettes were collected for marking purposes, and were categorised and 

classified into groups according to the scientific reasoning skills exhibited by learners. 

After the coding, themes emerged from the data. The coding was done per each question 

in the written task. The first category and classification of learners’ scripts and interview 

transcripts were grouped as learners did not leave any space while writing the written 

task and coded as FFFM per each question in written task 2. The theme that emerged 

from the code was, developing scientific reasoning skills and understanding of the change 

in states of matter. The learners did not leave spaces because PhET helped them to learn 

the change in states of matter. They were able to find the effect of temperature on the 

change in states of matter. This is the reason why when the graph is given, it was easy 

for them to analyse and interpret it by referring to the decrease and increase of the 

temperature due to the visualisation from PhET simulation. The classification of scripts, 

interview transcripts and observations were coded as GGGM per each question in written 

task 2. The theme that emerged in this coded data was as follows, making the correct 

prediction in state of matter. Thirdly, the data was coded as TTTM and the theme that 

emerged out of the code is: ability to analyse and interpret graphs in processes of state 

of matter.  The fourth code was coded as HHHM and the theme that emerged was as 

follows: an appropriate connection between kinetic energy and temperature.  

Furthermore, the fifth code in this written task was coded as IIIM, and the theme 

that emerged from the code was as follows: inappropriate use of scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences. Learners 

failed to connect the kinetic energy of the particles with the temperature applied when 

interpreting and analysing the graph. Subsequently, they failed to get questions 2.2 and 

2.3 incorrect because they needed to connect the temperature and kinetic energy of the 

particles. Additionally, they needed to understand the effect of temperature on the kinetic 

energy of the particles. At the same time, the lack of visualisation of the temperature 

applied on the substance and kinetic energy of the particles might be the cause of 

learners’ failure to get the correct answers for question 2.4 in written task 2. All in all, few 

learners in written task 2 failed to get the correct answers. 
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� How does the use of PhET explore scientific reasoning skills in characterising the 

state of matter? 

� What are the learners’ scientific reasoning skills of state of matter when using 

PhET? 

� Why do learners exhibit these particular scientific reasoning skills? 

The three research questions above were answered when the data was collected 

under the usage of PhET simulation. When analysing the transcripts, learners answered 

this question: “why do learners exhibit these particular scientific reasoning skills is 

answered”? Furthermore, the vignettes answered this question, “what are the learners’ 

scientific reasoning skills of state of matter when using PhET”? Data was collected using 

PhET simulation to check if scientific reasoning skills were developed by learners. In 

these two written tasks, learners were able to visualise the behaviour of particles in 3 

dimensions when the temperature is applied. They grasped the relationship between the 

temperature applied and the behaviour of the particles when PhET was used. Through 

the usage of PhET simulation, learners were able to acquire scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences. When the 

data was collected using PhET simulations, five (5) themes were developed namely: 1) 

an appropriate connection between kinetic energy and temperature; 2) ability to analyse 

and interpret a graph in processes of state of matter; 3) making the correct predictions in 

state of matter; 4) developing scientific reasoning skills and understanding of the change 

in states of matter; and 5) inappropriate use of scientific reasoning skills such as 

prediction, analysis, interpretation, evaluation and making inferences.  
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Table 4.3: Written task 2, codes from learners’ responses in question number 2.1, 2.2, 2.3 and 2.4 

Questions Codes from learners’ response of third written task, observation and semi- structured interview. 

Themes emerged 
from the data 

Theme           1:  
Appropriate 
connection between 
kinetic energy and 
temperature 

Theme                   2: 
Ability to analyse and 
interpret a graph in 
processes of state of 
matter 
 

Theme     3:  
Making 
correct 
prediction 
in state of 
matter 

Theme       4: 
Developing scientific 
reasoning skills and 
Understanding of the 
change in states of 
matter 
 

Theme          5: 
Inappropriate use of 
scientific reasoning 
skills such as 
prediction, analysis, 
interpretation, 
evaluation and making 
inferences.  

1.1 Name three 
states of 
matter and 
describe 
each 

  

FFFM1: 
Able to master the 
concept, paying 
attention, clue (having 
an idea of what to do), 
willing to think. 

GGGM1: 
Correct relationship 
between the 
temperature applied 
and the behaviour of 
the particles, ability to 
infer and evaluate. 

TTTM1: 
Ability to 
interpret the 
given graph 
in states of 
matter. 

HHHM1: 
Appropriate to provide 
reasons for the answers 
chosen, and able to 
analyse the given graph 
and to tell the process 
taking place on the given 
graph. 

IIIM1: 
Inappropriate to find the 
relationship between the 
temperature applied and 
the behaviour of the 
particles also the process 
taking place on the given 
graph. 

2.2 On which 
factors do 
the average 
kinetic 
energy of 
gas 
molecule 
depend 

FFFM2: 
Able to define process 
taking place, able to 
analyse the graph, 
recalling process of 
states of matter. 

GGGM2: 
Correctly, to check if 
the graph is cooling 
curve or heating curve, 
correctly interpreting 
the graph given. 

TTTM2: 
Ability to 
reason 
scientifically, 
due to 
visualisation. 

HHHM2: 
Appropriately, to analyse 
the given graph, and to tell 
the process taking place 
on the given graph and 
able to prediction.  

IIIM2: 
Inappropriate to analysis, 
interpretation, and 
evaluation to be able to 
draw the conclusion.  
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2.3 Gases 
________ 
and occupy 
all the 
available 
space.   

FFFM3: 
 Able to find 
relationship between 
temperature applied 
and kinetic energy of 
the particles. 

GGGM3: 
Correct implementation 
of scientific reasoning 
skills such as 
prediction, analysis, 
interpretation and 
evaluation. 

TTTM3: 
Ability to 
provide 
reasons due 
to the 
observing of 
the 
movement of 
the particles. 
  

HHHM3 
Appropriate to articulate 
scientific reasoning skills, 
and to characterise states 
of matter as solid, liquid 
and gas.  

IIIM3: 
Inappropriate, to articulate 
scientific reasoning skills 
and to characterise three 
states of matter. 

2.4 There is an 
increase in 
the 
temperature 
of an object 
and then the 
kinetic 
energy of an 
object  

FFFM4n5: 
Able to understand the 
behaviour of particles. 

GGGM4n5: 
Correct, use of 
scientific reasoning 
skills, randomly 
choosing the answer 
due to lack of 
visualisation. 

TTTM4n5: 
Ability to 
answer, 
inability to 
recall, what 
is the 
heating 
curve. 

HHHM4n5: 
Appropriate to perform 
experiment related to the 
written task given, and 
lack of analyses  

IIIM4n5: 
Inappropriate to improvise 
(using experiments) 
related to the written task 
given 
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4.3.1 Theme 1: Appropriate connection between kinetic energy and temperature 

Learners were able to get the correct answers from written task 2. Firstly, they were able 

to get the correct relationship between kinetic energy of the particles and the temperature 

applied. Consequently, it helped them define solid, liquid and gas in terms of the particles, 

even if some of the learners listed did not describe the three states of matter.  The three 

multiple choices in written task 2 showed that learners got the relationship between 

temperature and kinetic energy of the particles. For example, learners in my class 

indicated that the particles take more space in gas states. While particles in solid states 

take less space, in liquid they are loosely packed. Hence, the temperature affected the 

arrangement of the particles in three different states of matter. Scripts were categorised 

and classified for coding, coded as HHHM. A theme emerged from collected data as 

“appropriate connection between kinetic energy and temperature”, since many learners 

were able to come up with the correct relationship between the two factors. 
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Figure 100a: Learner N task 2 response      Figure 4.20b: Learner I task 2 response 
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Figure 4.20c: Learner R task 2 response 
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The vignette in Figure 4.21 illustrates the behaviour of particles in solid, liquid and 

gas. Indeed, the particles in solid are closely packed together, and in liquid they are 

loosely packed. In gas, the particles occupy more space. The arrangement of the particles 

depends on the temperature. If the temperature is increased, the states of matter can 

change from solid to liquid. If the temperature keeps increasing, the states change from 

liquid to gas. The particles will gain kinetic energy from the temperature increased. 

 

Figure 4.21: The change in states of matter in terms of the particles from PhET simulation 
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The transcript shows that through the use of PhET simulation, learners understood 

written task 2. They indicated that they were able to list and describe the three states of 

matter. They explained solid as particles that are close to each other. In liquid, the 

particles are loosely packed. In gas, they are far away from each other. Subsequently, 

learners were able to observe that the temperature affected the behaviour of the particles. 

This is the reasons they were able to answer questions 2.2, 2.3 and 2.4 in written task 2. 

Question 2.2 was about relationship between kinetic energy and temperature. Similarly, 

question 3 tested if learners understand the arrangement of the particles in gas states. 

Indeed, they provided the answer as particles occupy more space in gas states. Hence, 

by giving those answers, learners developed scientific reasoning skills such as analysis 

and interpretation. All in all, through the use of PhET, learners learn the change in states 

of matter. The following transcript is to consolidate that learning through PhET helps 

learners in characterising states of matter. 

Justice          : What is the change in states of matter through visualisation? 

Learner R      : When the temperature was applied, the particles were changing its velocity. 

Justice          : Okay, explain the behaviour in solid, liquid and gas? 

Learner R      :  In solid the particles were packed together. When the temperature was 

                          applied, the particles start to be away from each other to be solid states. 

                          When the temperature keeps increasing, the states change from liquid  

   to gas. 

Justice          : Okay. 

Justice          : Did the use of PhET help you in learning the change in states of matter? 

Learner N     :  Yes. 

Justice             : How? 

Learner N        : I was able to observe the behaviour of the particles through PhET  

                          Simulation. 

Learner N      : This is the reason I was able to differentiate three states of matter in 

                        written task 2. 
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4.3.2 Theme 2: Ability to analyse and interpret a graph in processes of states of matter 

Two learners were able to exhibit scientific reasoning skills when writing the second task. 

Through interactions, it was clear that they were able to predict, analyse, interpret and 

evaluate the change in states of matter. At the same time, through interviews, learners 

showed that through visualisation of the behaviour of particles in three different states of 

matter on PhET simulation, they were able to characterise three states of matter. This is 

the reason some of them were able to execute scientific reasoning skills. The topic 

‘change in states of matter’ is abstract in nature because learners were not able to 

observe the particles moving. Furthermore, for them to understand the topic, they should 

first imagine and observe the movement of the particles in solid, liquid and gas.  

Subsequently, when the graph is given for them to analyse, interpret and evaluate, it was 

difficult to apply the scientific reasoning skills. In this case, learners were able to display 

scientific reasoning skills when answering written task 2. Through the interview, even if 

learners managed to get written task 2 correct, it was too difficult for them to execute, 

predict, analyse, interpret, infer and evaluate the change in states of matter. While I was 

moving around and observing, learners were able to execute scientific reasoning skills. 

Through the use of PhET simulation, learners were able to execute scientific 

reasoning skills such as analysis and interpretation. To analyse and interpret what you 

see is much better than to do it through imagination since the topic is too abstract in 

nature. The following two questions needed learners to observe to be able to analyse and 

interpret. Most learners managed to get the questions correct by observing the movement 

of the particles through PhET simulation. “On which factors do the average kinetic energy 

of gas molecule depend”? and “is there an increase in the temperature of an object and 

then the kinetic energy of an object”?  

Learners analysed and interpreted the change in states of matter and used it in 

written task 2. The use of PhET simulation was very useful in learning the change in states 

of matter. They were able to write the following question to show the understanding 

related to the change in states of matter through the use of PhET simulation. “How do the 

solids, liquids, and gases differ in their following properties”? 



129 
 

a) Size 

b) Shape 

c) Density 
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Figure 4.22a: Learner M task 2 response     Figure 4.22b: learner Y task 2 response                               .
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� The vignette in Figure 4.23 was used to help learners to answer the question: 

From the vignette in Figure 4.23, learners changed the temperature while 

observing the behaviour of the particles. We started with the temperature at zero. The 

kinetic energy of the particles was also at zero. During the learning process, we concluded 

that the state is solid. The reason being that the particles are closely packed. We kept 

increasing the temperature. The particles started to move a bit to change the solid states 

to liquid. Further increasing the temperature, the particles were all over the borders of the 

container to form a gas state. After the use of PhET simulation, learners were able to 

understand the arrangement of the particles in three states of matter.  This is the reason 

they were able to get the correct answers in written task 2. 

 

 

Figure 4.23: The increase and decrease of states of matter 
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4.3.3 Theme 3: Making correct prediction in state of matter 

 

 

 

PhET simulations provided a hands-on approach in adjusting the temperature, pressure 

and the speed of the particles. The visual approach to learn states of matter makes it 

easier to understand and predict changes in the state of matter under varying conditions. 

Learners were able to make informed predictions on the change in states of matter, such 

as, if you increase the temperature, what is the behaviour of the particles? For example, 

if you start with solid, predict when it was melted and become liquid. Similarly, predict the 

transition from liquid to gas if you continue to increase the temperature. 

Justice              :  What are the factors affecting the behaviour of the particles? 

Learner O         :  Temperature and pressure.    

Figure 4.24: Leaner B task 2 response 
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Justice              :  Why temperature and pressure? 

Learners O       : Through PhET simulation, I was able to observe the behaviour of 

                            particles. 

Justice            :    How? 

Learner O       : When the temperature increase also the kinetic energy of the particles  

                         increase and when the temperature decreases also the kinetic energy  

                         decrease. 

The transcript above shows that observing the behaviour of the particles helped 

learners to make predictions. Subsequently, learners were able to visualise the behaviour 

of the particles when the temperature increases or decreases. Learners were able to 

hypothesise. For example, the hypothesis was when the temperature increases, the 

behaviour of the particles also increases. Through PhET simulation, most learners were 

able to develop scientific reasoning skills such as prediction. 

4.3.4 Theme 4: Developing scientific reasoning skills on the change of states of matter 

and understanding of the change in states of matter 

Learners were able to list and describe the questions by observing the behaviour of the 

particles. In question 2.2, they noted that the decrease and increase in temperature 

affects the behaviour of particles. Consequently, they were given four answers to choose 

such as temperature, mass, volume and nature of gas. From the four answers, they were 

able to choose temperature as the answer. Indeed, temperature was the correct answer. 

Because through PhET, learners were able to observe that the kinetic energy of the 

particles depends on temperature. Question 2.3 tested if learners understand the 

behaviour of particles in gas. Indeed, they were able to figure out that in gas, the particles 

occupy large spaces. This shows that the use of PhET led to the development of scientific 

reasoning skills in this study. 
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Figure 4.25a: Learner T task 2 response            Figure 4.25b: Learner I task 2 response 
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Justice     : How did you develop scientific reasoning skills such as prediction, analysis, 
                  interpretation, evaluation and inferences? 
Learner T : Through the use of PhET simulation, I developed scientific reasoning skills  

                    easily. 

Justice      : Meaning PhET is useful in learning the change in states of matter? 

Learner T  : Yes. 

Justice      : Okay, the use of PhET is useful. 

From the transcripts, learners were able to reason out, and provide a clear 

picture of why these scientific reasoning skills are executed. At the same time, they 

indicated that the use of PhET simulation helped them to develop scientific reasoning 

skills such as prediction, analysis, interpretation, evaluation and making inferences. 

Hence, most of them were able to observe the kinetic energy of the particles. Moreover, 

they were able to analyse and interpret what was observed. 
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4.3.5 Theme 5: Inappropriate use of scientific reasoning skills such as prediction, analysis, interpretation, evaluation and 

making inferences 

  
Figure 4.26a: Leaners P task 2 response Figure 4.26b: Leaners Z task 2 response 
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Some of the learners still lack scientific reasoning skills even after the intervention of 

PhET.  Learners did not show that they were visualising the behaviour of the particles 

through PhET. The following is a transcript interview to show how they were still struggling 

to execute scientific reasoning skills. Additionally, the transcript interview showed that few 

of them were still confused after PhET intervention. Before answering the given written 

task 2, you should first formulate the hypothesis. For learners to understand the questions 

in written task 2, they should first know if the graph of cooling curve or heating curve will 

able to come up with the hypothesis. Furthermore, in the written task, those who did not 

acquire the skills prediction did not understand the assessment. To predict is to lead you 

to be able to analyse, interpret, evaluate and infer. All in all, even after the use of PhET, it 

was too difficult for some learners to exhibit scientific reasoning skills. 

Justice              : It seems the topic is too abstract for you, why? 

Learner Z         : Yes, it becomes difficulty for me to develop the scientific reasoning skills.  

Justice             : Some of the scientific reasoning skills were not relevant for  

                           the topic. 

Learner Z        :  Okay Sir. 

From the transcript, through the reasoning of learners in written task 2, I can 

conclude that they lack scientific reasoning skills such as analysis and interpretation. To 

develop how to analyse and interpret graphs on processes of states of matter, learners 

should visualise the particles in 3-D. This showed that it was difficult for them to get 

question 2.2 from the written task 2 correct. Hence, during the visualisation of the 

particles, when the temperature decreases and increases, they were not paying the 

attention. Yes, in actual fact it was not going to be difficult if they were able to visualise 

the movement of the particles. The question was going to be less abstract.  The lack of 

visualisation led them to fail to analyse and interpret the graph given in written task 2. 

 

 

  



138 
 

4.4 Observations from written tasks  

Through observation, I facilitated the learning progress. While learners were writing the 

two written tasks, I was moving around and checking if they were able to execute scientific 

reasoning skills such as prediction, analysis, interpretation, evaluation and making 

inferences. During the writing of written task 1, I asked them why they understand the 

arrangement of the particles in solid, liquid and gas. They indicated that observing the 

particles of states of matter from PhET, they observed that the arrangement of the 

particles depends on the temperature. Through PhET simulations, when the temperature 

was increasing, the kinetic energy of the particles also increased the speed. Furthermore, 

when the temperature decreased, the kinetic energy of the particles also decreased. 

Hence, they were able to conclude about the arrangement of solid, liquid and gas by 

finding the relationship between temperature and kinetic energy of the particles. 

Furthermore, from the relationship between temperature and arrangement of the 

particles, they were able to conclude if the graph is for cooling curve or heating curve. In 

written task 1 section A, they indicated that the graph is for the heating curve while in 

written task 1 section B, they indicated that the graph is for the cooling curve. Indeed, 

written task 1 sections A and B were for the heating curve and cooling curve, respectively. 

Consequently, they were able to develop scientific reasoning skills because of using PhET 

simulation. They indicated that through PhET simulation, they were able to get questions 

correct. Furthermore, when the temperature decreased, they were able to observe that 

the spaces between the particles in solid decreased; in liquid the space started to increase 

further; and in gas the spaces are widely opened. Additionally, learners got question 1.1.5 

in written task 1 section A correct as ‘increase’ because they had developed the skills of 

making inferences.  

Through the written task 2 section B, learners indicated that the topic is no longer 

too abstract with PhET intervention. They learn through observing because the particles 

are too abstract in nature. It is very difficult to visualise the particles in 3-dimensions. 

Thus, PhET was able to visualise the behaviour of the particles in 3-dimension. 

Furthermore, while observing, they were able to recognise that the decrease in 

temperature makes the process of states of matter to be freezing point. Also, they 
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indicated that the particles are packed together when observing through PhET simulation. 

Subsequently, learners were able to answer questions 1.2.6.1 and 1.2.6.2 of written task 

1 section B. In question 1.2.8 of written task section B, they indicated that the graph is for 

cooling curve. This means that when the temperature decreases, the three states change 

from gas to liquid and to solid. Hence, this aligned with the process of states of matter. 

From the two written tasks, many learners were able to exhibit scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences. Only few 

of them failed to exhibit scientific reasoning skills.  

Table 4.4 illustrate the observation schedule, which summarises what was 

observed with comments during written tasks 1 and 2. When observing through the use 

of PhET simulation, they were able to grasp high cognitive reasoning skills when 

characterising the states of matter, solid, liquid and gas. Their scientific reasoning 

improved when PhET was introduced. At the same time, it was easy to characterise the 

state of matter as solid, liquid and gas because of visualising the change in states of 

matter. Furthermore, through observation, most learners were able to find the relationship 

between temperature and the behaviour of the particles. Through observation, they were 

able to predict. For example, to explain what melting point and boiling point are. While 

observing, they were able to observe the behaviour of the particles when the temperature 

increased and decreased. They were able to notice the graph as cooling curve and 

heating curve.  To be able to characterise the states of matter depends on the 

arrangements of the particles. All in all, it was easy to characterise the state of matter as 

solid, liquid and gas because of visualising the change in states of matter.



140 
 

Table 4.4: Observation schedule 

QUESTIONS  YES NO  COMMENTS 

1. Learners can grasp high 
cognitive reasoning skills when 
performing the experiments 

Yes  Through the use of PhET simulation, learners were able to grasp high cognitive 
reasoning skills when characterising the states of matter, solid, liquid and gas, the 
scientific reasoning of learners has improved when PhET was introduced 

2. Learners can explain the 
particles using kinetic 
molecular theory 

Yes  Learners were able to execute, scientific reasoning skills such as prediction, analysis, 
interpretation, evaluation and making inferences 

3. From the experiments, learners 
can characterise solid, liquid 
and gas 

Yes   It was easy to characterise the state of matter as solid, liquid and gas because of 
visualising the change in states of matter 

4. Learners can explain the effect 
of temperature to find the 
difference between the three 
phases. 

Yes  Through observation, most learners were able to find the relationship between 
temperature and the behaviour of the particles 
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4.4 Interpretation of results 

In this section, the five themes are interpreted using scientific discovery of dual search 

and literature. In each theme, the scientific reasoning skills were evaluated from the 

written responses from the two physical science tasks, observations and semi-structured 

interviews. The purpose of the study was to explore scientific reasoning skills of states of 

matter using physics education technology (PhET). The particles are microscopic in 

nature, and it is impossible to visualise their behaviour in the school laboratories due to 

the scarcity of the relevant equipment. Consequently, PhET simulation is adopted as a 

tool to visualise the behaviour of the particles in this study. Additionally, this chapter 

evaluates and interrogates the results to answer the following research questions that 

were mentioned in chapter one: What are the learners’ scientific reasoning skills of state 

of matter when using PhET? And why do learners exhibit these particular scientific 

reasoning skills? 

The chapter presents the interpretation of results from the two written tasks, 

observations and semi-structured interviews using scientific reasoning skills, scientific 

discovery as dual search and the literature. Firstly, learners wrote the first written task 1, 

sections A and B and written task 2. Essentially, this enables me to come up with 

strategies on how to assist them during the process of developing scientific reasoning 

skills. Secondly, to check how scientific reasoning skills are utilised when writing the 

written task. Lastly, to check if learners can use scientific reasoning to apply the change 

in states of matter, I observed three written tasks. In a way, the chapter also interpreted 

the results from observations and semi-structured interviews.  The three tenets of the 

theoretical framework play a vital role in interpreting the results.  

As detailed in chapter two, the theory entails three tenets: 1) searching the 

hypothesis space; 2) searching experiments; and 3) evaluating evidence. The three 

tenets support each other. Hence, the two written tasks in this chapter help to interpret 

the results. 

The results obtained through the written tasks, observations and semi-structured 

interviews were coded using the axial coding and further analysed thematically. Precisely, 

two written tasks were categorised into five themes that developed when PhET was used 
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as follows: 1) appropriate connections between kinetic energy and temperature; 2) ability 

to analyse and interpret a graph in processes of state of matter; 3) making predictions in 

state of matter; 4) developing scientific reasoning skills and understanding of the change 

in states of matter; and 5) inappropriate use of scientific reasoning skills, such as 

prediction, analysis, interpretation, evaluation and making inferences. Hence, the results 

in each theme are interpreted using the existing literature together with the three tenets 

of scientific discovery as dual search below: 

4.4.1 Theme 1: Appropriate connection between kinetic energy and temperature 

In the current study, learners were able to find the correct relationship between the kinetic 

energy of the particles and the temperature applied. Subsequently, they developed the 

scientific reasoning skills such as analysis and interpretation through PhET simulation. 

With the auspices of the SDDS learners were able to search the hypothesis space, and 

used imagination to conclude on the behaviour of the particles. More importantly, the tenet 

of search for the hypothesis was implemented for them to design the hypothesis of the 

change in states of matter (Klahr & Dunbar, 1998). Similarly, a study by Obaya et al. 

(2023) showed that learners were able to find the relationship between law on the 

conservation of matter and chemical reactions, resulting in a positive impact on all the 

questions given in the written task. Interestingly, a study by Obaya et al. highlighted that 

the use of PhET helped learners to visualise the relationship between law on the 

conversation of matter and its chemical reaction. Consequently, learners were able to 

visualise the relationship between law on the conservation of matter because of the 

correct adoption of search of the experiment in SDDS. Equally important, in the current 

study, in the interview transcripts, learners indicated that through observation of the 

particles, they were able to find how temperature affected the behaviour of the particles. 

Through using theoretical framework to evaluate the results, this shows that they were 

able to operate within one of the tenets of the SDDS “evaluating the evidence”.  

Rahmawati et al. (2022) also seem to agree with the assertion that PhET simulations 

were clear and easy to follow. No difference was found in a study by Farcis (2023), which 

indicated that PhET simulation helped learners to analyse and interpret the questions. 

This happened in this way: the results moved from 45% to 89%. Subsequently, PhET 
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simulation helps learners to develop the skills to analyse and interpret the questions given 

from task 1, sections A and B. In a similar manner, PhET simulation makes learning easy 

because learners were able to analyse sub-microscopic representations of various acid 

and base solutions having the same concentration (Nuraida et al., 2021). In this way, they 

were also able to develop the skills analysis and interpretation. With the PhET 

simulations, they were able to visualise the behaviour of the particles in solid, liquid and 

gas. For example, they were able to experience the increase and decrease in temperature 

while observing the behaviour of the particles. Presently, they were able to observe, 

characterise, visualise and explore the hidden properties of the three states of matter, 

solid, liquid and gas. Most importantly, they were able to develop analysis, prediction, 

interpretation and evaluation when the states change from one form to another. Firstly, 

for example, in sequential order, learners developed how to analyse by finding the 

appropriate relationship between the behaviour of the particles and temperature applied 

through the use of PhET simulation. Secondly, they came up with the hypothesis, as when 

the temperature increases, the behaviour of the particles also increases, and when the 

temperature increases, the behaviour of the particles decreases. By observing the 

behaviour of the particles when the temperature increases and decreases from PhET 

simulation, learners were able to predict the processes of states of matter as melting 

point, and came up with the correct definition. Lastly, when the graph of cooling and 

heating was given, they were able to interpret and evaluate the following properties: 

temperature applied on the particles, kinetic energy of the particles, arrangements of the 

particles, and the change in states of matter and pressure.  

Three tenets of the theoretical framework that guides the current study: “search 

hypothesis”, “search experiment” and “evaluate the evidence” evaluate if learners were 

able to come up with the hypothesis, search the experiments and evaluate evidence (Adri, 

2023). Through the use of PhET simulation, they were able to come up with the 

“hypothesis”, perform the “experiments” and “evaluate the evidence” from the 

visualisation of the behaviour of the particles (Lobato & Zimmerman, 2018). Firstly, 

learners formulated the “hypothesis” as, when the temperature increases, the behaviour 

of the particles will also increase. Similarly, a study by Najib et al. (2022) indicated that to 

formulate the hypothesis helped learners in the analysis and interpretation of connections 
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between the concepts. The results of this current study and a study by Najib et al. showed 

that to come with the hypothesis helped learners to make connections between the 

concepts. In contrast with a study by Najib et al., a study by Mashaqbeh (2014) showed 

that after the hypothesis, learners should perform the experiment and check if it was 

correct or wrong. Ultimately, Mashaqbeh’s (2014), study used PhET to visualise chemistry 

concepts to achieve good results. Similarly, in the current study, PhET was used to 

visualise the behaviour of the particles as speedy or less speedy to be able to conclude 

on the final states of matter.  Secondly, they used PhET simulation to perform the 

experiment. Concurrently, they observed the relationship between temperature and the 

behaviour of the particles. At the same time, learners evaluated evidence from observing, 

exploring and visualising the behaviour of the particles through PhET simulation (Liu et 

al., 2022). In a similar manner, PhET helps the learning of quadratic functions in 

mathematics and explores simulations in a visual and interactive way (de Sousa & Alves, 

2022). During interview transcripts, learner Z indicated that from the diagram of cooling 

and heating curve, they can tell if the substance is water or not. This shows that learners 

were able to operate under the tenet of “evaluating the evidence” sufficiently. No 

difference was found in a study by Byrne (2020). PhET was also used for learners to 

understand the physics concepts related to motion. Learners are spending far more time 

in front of screens. In contrast with a study by de Sousa and Alves (2022), the difference 

was that PhET helps learners in visualising quadratic functions in mathematics, while in 

a study by Byrne (2020), PhET was capable of visualising the concepts related to motions. 

In the study by Byrne, learners were unable to adopt the tenet of the SDDS such as 

search for the hypothesis. For example, they did not design the hypothesis for the 

experiments of motions, they were just visualising the motions. However, the were able 

to achieve the “search for the experiments” according to SDDS. Both studies by de Sousa 

and Alves (2022) and Byrne (2020), differ with the current study because PhET was 

capable of visualising the behaviour of particles in different states of matter. A study by 

Dallaire and Gosselin (2016) is not in line with the current results of the study. It was still 

difficult to grasp the concept of state of matter such as the change in states of matter 

because learners were not able to engage themselves in the observation process. 

Subsequently, PhET was not used in the study by Dallaire and Gosselin (2016), where 
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learners were visualising the behaviour of the particles on the board, whereas in the 

current study, visualisation was in a 3-Dimension. Hence, the above study by Dallaire and 

Gosselin (2016) was not aligned with the current study, and the study by Byrne (2020) 

because learners did not observe the behaviour of the particles through PhET simulation. 

Over and above, in the current study, learners were able to make conclusions related to 

the arrangements of the particles, states of matter, temperature and process of states of 

matter through PhET simulation. For example, from the current study, when the 

temperature increases, the behaviour of the particles also increases. Consequently, the 

arrangements of the particles changed, resulting in learners observing when the states 

change from solid to liquid and liquid to gas. Formerly, from the hypothesis, learners 

showed that their scientific reasoning skills such as prediction improved when PhET was 

used. In contrast, the majority of the subjects do not seem to be able to approach the 

issue of change in the state of matter (Rodriguez & Castro, 2014).  Briefly, in the current 

study, learners were able to develop scientific reasoning skills such as analysis and 

interpretation by observing the relationship between temperature and behaviour of the 

particles and if the graph is for cooling curve and heating curve. 

In the current study, learner M showed that PhET helped in visualising the 

behaviour of the particles when the temperature increases and decreases. Indeed, when 

the temperature increases, the kinetic energy of the particles also increases, and the 

relationship was directly proportional. In the same way, when the temperature decreased, 

the kinetic energy of the particles also decreased, and the relationship was inversely 

proportional. The results are the same as a study by Ndihokubwayo et al. (2020), which 

interpreted the results to show how PhET improved the conceptual understanding of 

geometric optics. Ultimately, the PhET was the tool that visualised the behaviour of the 

particles in this study.  Furthermore, PhET simulations are powerful tools for helping 

learners visualise electrons, photons, atoms, wave interferences and other quantum 

phenomena that cannot be observed directly (McKagan et al., 2008).  

 In the same way, in this study, PhET was capable of visualising the behaviour of 

the particles in solid, liquid and gas to help learners to explore scientific reasoning skills 

such as prediction, analysis, interpretation, inferences and evaluation. For example, 
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learners executed the scientific reasoning skills, and stated the hypothesis results. They 

developed scientific reasoning skill of prediction. Subsequently, after performing the 

experiment using PhET simulation, they were able to conclude if the prediction was 

correctly stated or not. To illustrate that learners were able to predict, if the temperature 

increases, the behaviour of the particles also increases. In fact, the prediction was 

correctly stated. In this way, the prediction as a skill is developed by learners in the current 

study when the PhET is used (Doloksaribu & Triwiyono, 2021). On the other hand, through 

PhET simulation, they were able to visualise the arrangements of the particles, the states 

change, temperature increases and decreases and the process of states of matter. To 

support the study above, similar results from a study by Dantic et al. (2022) indicated that 

by visualising, they were able to analyse and interpret using PhET simulation.  

 More importantly, McKagan et al. indicated that learners can conduct experiments 

about topics such as the photoelectric effect and double slit interference in many physics’ 

labs. There is much going on inside these experiments that they cannot observe. Findings 

from Saudelli et al. (2021) describe the PhET, their usage in teaching practice, and how 

PhET helped learners to develop analysis and interpretation, and to provide a visual 

representation and mental model of the physics concepts that can be discovered, sensed, 

and manipulated by learners who construct learning based on the PhET response to their 

use of the tool. Additionally, PhET allows learners to connect real-life phenomena and the 

underlying science, making those that do not appear to be visible (Masruroh et al., 2020). 

Similarly, from a study by Masruroh et al., which is the same as the current study, learners 

were able to observe the behaviour of the particles when the temperature increased and 

decreased, resulting in learners to “search the experiments” through PhET simulation 

(Klahr, 1989). In short, learners started to “evaluate the evidence” because after 

observing and visualising the behaviour of the particles, they were able to conclude on 

the change of states of matter. For example, at the beginning of the experiment through 

PhET simulation, the particles were packed together (solid state), and when learners 

applied the temperature through PhET simulation, the particles started to be loosely 

packed (liquid state). Hence, learners started to “evaluate the evidence” to find the effect 

of temperature on the behaviour of the particles.  Another study by Masruroh et al. 

highlighted that in designing the electrical circuit, PhET simulated an image of the 
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movement of the current in a circuit, where the current cannot be seen by the naked eye 

on the actual electronic components. They knew that in the electrical circuit of the series, 

if one of the lights is disconnected, then the other lamp is extinguished. Because the 

cables are arranged in parallel, so that if one of the lights is disconnected then the current 

stopped flowing. Hence, PhET-assisted learners in learning wave material. It can be 

concluded that the PhET simulation-assisted problem-based learning model has an effect 

on student learning outcomes in wave material (Imaniah et al., 2023).   

A study by Imaniah et al. which was aligned with the current study, support the fact 

that PhET improve scientific reasoning skills. Subsequently, learner C indicated that they 

found the arrangements particles in solid, liquid and gas through PhET simulation. On the 

one hand, learners used PhET to analyse the concept of saturation as it pertains to the 

point at which salt can no longer dissolve effectively in water (Rayan et al., 2023). For 

example, in Rayan et al. (2023), PhET was useful because it helps learners in this way: 

they added salt gradually into the water, witnessing its dissolution. On the other hand, 

Arabacioglu and Unver (2016) have proven that the integration of virtual simulation PhET 

makes the learning process simple in gas properties. Learners were able to visualise the 

behaviour of the particles through PhET simulation, and they improved their scientific 

reasoning skills like in the current literature. Similarly, to blend PhET simulation in learning 

energy and change it enables them to be interested in learning, and further stimulate their 

thinking potential (Maghan, 2017). More importantly, in the current study, learners found 

it interesting to learn through PhET simulation because they developed scientific 

reasoning skills to written tasks 1 and 2. Fencl’s (2013) study supported the argument 

that learners developed interpretation as a skill, and comprehended how to raise or lower 

the total energy level. This shows that they developed interpretation as a skill when using 

PhET simulation. In the same way, in this current study through visualisation learners 

were able to develop interpretation as a scientific reason skill because now they 

comprehend the behaviour of the particles in solid, liquid and gas using PhET simulation. 

In summary, they were able to find the relationship between the behaviour of the particles 

and the temperature applied when PhET was used. In short, when the temperature 

increases, the kinetic energy of the particles also increases. Also, when the temperature 

decreases, the kinetic energy of the particles also decreases. 
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4.4.2 Theme 2: Ability to analyse and interpret a graph in processes of state of matter 

Through the use of PhET simulation, learners were able to analyse and interpret the 

question and the graph given (Sarwoto et al., 2020). At the same time, no difference was 

found. Through the use of PhET, they were able to observe the processes of states of 

matter from melting to freezing sublimation. This emanated from visualising the three 

states of matter when the temperature is applied in terms of the behaviour of the particles.  

This question was given to the learners in this current study in written task 1 section B: 

1.2.2 “When you take a block of margarine out of the fridge, it is hard. However, after 30 

minutes at room temperature it is soft to spread. Use kinetic molecular theory to explain 

this observation”. Before the use of PhET, learners were unable to analyse and interpret 

the question above after the use of PhET. The question was easy for them to analyse and 

interpret (Jenkins & Howard, 2019). In this way, they developed scientific reasoning skills 

such as analysis and interpretation through “searching the experiment” (Klahr & Dunbars, 

1998). Interestingly, learners were able to relate on the breaking of the molecules when 

the temperature is applied from the sun. Through the use of PhET, they observed the 

behaviour of the particles. Furthermore, to evaluating evidence space, they should be 

able to analyse and interpret data, make informed inferences and draw conclusions 

(Lobato & Zimmerman, 2018). This is the reason they were able to relate on the breaking 

of molecules when the margarine was directed to the sun (evaluating the evidence). 

Hence, it was coded as ZZM32, OOM32, TTM32, PPM32 and UUM32 in written task 1, 

section A after the use of PhET simulation.  

In this current study, through the use of PhET, they were able to spot if the graph 

is cooling curve or heating curve. At first, they were able to define sublimation and melting 

point by just analysing the graph. They were also able to execute the analysis and 

interpretation as the scientific reasoning skills throughout the written task 1, sections A 

and B. Similarly, learners who applied the scientific approach always started the problem-

solving process by analysing the problems qualitatively (Yuliati et al., 2018). No difference 

was found. In this current study, when the PhET was introduced, they started to develop 

scientific reasoning skills such as analysis and interpretation.  
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Using PhET, learners were able to analyse if salt can dissolve into water (Rayan 

et al., 2023). As supported by the findings of this study, PhET was able to help learners 

to analyse the change in states of matter. Similarly, another study showed that the use of 

PhET was helpful in learning how to construct simple, series, parallel and series-parallel 

circuits (Potane & Bayeta, 2018). In the interview transcripts, learner R showed that 

through the use of PhET, they were able to spot if the graph is cooling curve or heating 

curve by checking the increase and decrease of the temperature applied. This also 

accords with our earlier observations that PhET helped learners to visualise the atomic 

structure, leading to an increase in the performance from 50.6% to 85.7%. In the current 

findings, the bar graph on data presentation showed that appropriate scientific reasoning 

skills such as prediction, analysis, interpretation, evaluation and making inferences have 

increased. This supports the assertion that the use of PhET simulation improved the 

scientific reasoning skills on learners such as prediction, analysis, interpretation, 

evaluation and inference when observing the behaviour of the particles. Through 

observing the behaviour of the particle’s learners were able to conclude on the 

arrangements of the particle when using PhET simulation. 

4.4.3 Theme 3: Making correct predictions in state of matter 

Prediction in the scientific way is a fundamental part of the scientific method, serving as 

a means to test hypotheses and theories, validate models, and advance scientific 

knowledge through systematic observation and experimentation (Karpatne et al., 2017). 

In this current study, learners were able to predict what can happen when the temperature 

is applied on the substance. Through the use of PhET, learners were able to predict that 

if the temperature increases, the kinetic energy of the particles also increases. Hardyadi 

and Pujiastuti (2020) conducted a study to determine effects of using PhET simulation in 

systems of living organisms. The study found that the use of PhET simulation is significant 

in improving learners how to make predictions, analyse, interpret and evaluate the change 

in states of matter. These findings concurred with the findings I got with the PhET 

intervention.  Interestingly, the two tenets of SDDS “search hypothesis” and “search 

experiment” indicate that learners were able to formulate the hypothesis relating to the 

change in states of matter. Results from Piyatissa et al. (2018) indicated that learning 
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forces in physics using PhET worked well to support the textual and verbal explanations 

of the scientific principles. Similarly, Beichumila et al. (2022) found that simulations 

improved learners' basic skills of observation, prediction, pattern analysis, and reasoning 

science process skills. 

The results of this study indicated that by using PhET simulation, it was easy for 

learners to understand the change in states of matter. Additionally, they observed the 

behaviour of the particles and intermolecular forces. The strength of intermolecular forces 

within a substance greatly influences its state of matter (Merchant, 2019). Substances 

with strong intermolecular forces such as hydrogen bonding or ion-ion interactions tend 

to exist as solids or liquids at room temperature, while those with weaker forces often 

exist as gases. Learners were able to visualise the attraction by using PhET simulation 

as a tool. Similarly, Bandoy et al. (2015) found that 28% mentioned that using PhET is 

very effective, and 72% said that it is effective. Contrary to the current study, Yunzal and 

Casinillo (2020) found that learning electrodynamics using PhET simulations did not 

significantly improve learning, although learners showed interest in playing with the 

simulations. All in all, learners were able to predict when PhET was used. Through the 

PhET, some modes of motion displayed in the simulation are more visualised and even 

more interesting than the real conditions in a real laboratory (Verawati et al., 2022). This 

shows that PhET software creates abstract physics animation such as atom, electrons, 

protons and magnetic field, which cannot be seen with the naked eye (Susilawati et al., 

2023). Similarly, Bandoy et al. (2015) found that 28% mentioned that using PhET is very 

effective, and 72% said that it is effective. In the same way, the current study showed that 

the learning of the change in states of matter through PhET was fruitful. Hence, learners 

were able to define melting and sublimation. Additionally, they indicated that the 

simulations are very helpful, attractive and appealing. Over more, the use of PhET 

simulation improved the critical thinking and creative skills of learners (Hasyim & 

Prastowo, 2020). In contrast, Yunzal and Casinillo (2020) highlighted that PhET 

simulation has revealed a low improvement in students’ performance in the conceptual 

assessment in electrodynamics. All in all, the visualisation of the particles through PhET 

in different states of matter enabled learners to analyse and interpret the graph of states 

of matter of cooling and heating, resulting in them providing the reasoning on the answer. 
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For example, the graph showed that the temperature is decreasing, and it was easy for 

them to characterise the transition of state of matter from liquid to solid. 

4.4.4 Theme 4: Developing scientific reasoning skills and understanding of the change 

in states of matter 

Through the use PhET simulation, learners were able to develop scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences. Learners 

managed to execute scientific reasoning skills accordingly when PhET was used. This 

resulted in better understanding of the topic ‘change in states of matter’. Learners wrote 

written tasks 1 and 2 before PhET intervention and after PhET intervention. Through 

analysis, they were able to predict, analyse, interpret, evaluate and infer the use of PhET. 

Hence, the above results in this study were supported by the following studies. According 

to Klahr and Dunbar, exhibiting the scientific reasoning skills means that learners need to 

evaluate the evidence. Visualisation in chemistry can help to make the chemistry at a 

particular level less abstract because the students can see these particles moving using 

PhET (Suits & Sanger, 2013). Furthermore, learner N was able to describe solids, liquids 

and gas using kinetic molecular theory to describe the behaviour of particles through 

PhET simulation. Hardyadi and Pujiastuti (2020) conducted research intending to 

determine the presence or absence of a significant effect of the use of PhET simulation 

media on the learning achievements of the basic energy material in the life system. 

Through PhET simulation, gas molecules collide and move without fixed structural 

boundaries creating the dispersion and compressibility properties of gaseous matter 

(Gunawan et al., 2023). At the same time, Rohmah and Hidayan (2022) indicated that the 

use of PhET improved learning outcomes in online learning of molecular geometry 

material. For example, before using PhET, learners obtained 36%, and after the use of 

PhET the performance was 90%. Similarly, both studies were the same because with the 

use of PhET, learning has improved. Impressively, both studies above showed that PhET 

simulation was a powerful tool to make what is unseen with the naked eye to be visible. 

Even in this study, PhET was capable of visualising the behaviour of the particles because 

they are microscopic in nature.  
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Additionally, results of the current study from interview transcript of learner A 

showed that learners were able to characterise the three states of matter as solid, liquid 

and gas by visualising the behaviour of the particles through PhET simulation. 

Consequently, to perform the experiment helped learners to develop deep understanding. 

In this case, the experiment was performed using PhET simulation for learners to visualise 

the states of matter. Furthermore, observing the behaviour of the particles when 

temperature is applied helped learners to evaluate the evidence. Hence, through 

evaluating, learners were able to find the relationship between the temperature and 

kinetic energy of the particles. For example, when the temperature increases, the kinetic 

energy of the particles also increases. This results in them characterising the states of 

matter accordingly as solid, liquid and gas. Interactive PhET simulation have been 

showed to engage learners in active learning to enhance their conceptual understanding 

and promote critical thinking (Mashami et al., 2023). In short, they were able to define the 

process of states of matter such as melting point, sublimation and condensation. For 

example, they defined melting point as the temperature at which the solid-state changes 

to liquid state. To add on the conclusion, learners were able to come up with the trend that 

the decrease in temperature results in decrease in kinetic energy of the particles. Thus, 

they were unable to characterise the states of matter when the temperature is increasing. 

 4.4.5 Theme 5: Inappropriate use of scientific reasoning skills such as prediction, 
analysis, interpretation, evaluation and making inferences 

Few learners still lack to execute scientific reasoning skills after the intervention of PhET 

simulation. Subsequently, in this study, they observe the behaviour of the particles 

through PhET simulation still the written tasks were difficult for them. Similarly, a study by 

Yunzal and Casinillo (2020) reported that learners were playing with the software PhET 

simulation than learning electrodynamics. To substantiate this, they were interested in 

how the PhET is used not focusing on the behaviour of the change in states of matter. 

This ends up with learners with inappropriate use of scientific reasoning skills. 

Furthermore, they fail to exhibit scientific reasoning skills to categorise three states of 

matter. Some of the learners are hands on, and need to touch experiments for them to 

have better understanding. Theme 5, the inappropriate use of scientific reasoning skills 

such as prediction, analysis, interpretation, evaluation and making inferences is 



153 
 

categorised into five subtopics such as: (1) inappropriate connections between kinetic 

energy and temperature; (2) inability to analyse and interpret a graph in processes of 

state of matter; (3) failure to make correct predictions in state of matter; (4) undocumented 

reasoning in the change of states of matter, i) not know what to write, (ii) particles are too 

abstract to see with the naked eye, (iii) inability to think in a short period of time; and (5) 

appropriate use of scientific reasoning skills such as prediction, analysis, interpretation, 

evaluation and making inferences. 

� Inappropriate connection between kinetic energy and temperature 

In this study, learners were unable to find the appropriate relationship between the 

behaviour of the particles and temperature applied. When they were given the graph to 

analyse, interpret and evaluate, it was too difficult for them to write written tasks one and 

two. The results of the current study are consistent with a study by Ozdemir (2021), who 

indicated that learners started to confuse the change in states of matter solid to liquid and 

liquid to gas when the temperature is applied. Similarly, in this study, it was too difficult to 

characterise the three states of matter solid, liquid and gas. To substantiate the difficulty 

of characterising the three states of matter, Borghini et al. (2022) showed that learners 

are unable to make connections between kinetic energy of the particles and the 

temperature applied on the different state of matter. This is due to their failure to 

implement one of the tenets of scientific discovery as dual search (SDDS), which is 

searching the hypothesis space. Firstly, learners were supposed to search for the 

hypothesis related to the change in states of matter. For example, when the temperature 

increases, the behaviour of the particle’s changes. Secondly, through the hypothesis, 

learners were able to search the experiments and visualise the behaviour of the particles 

when the temperature is applied. Thirdly, they were supposed to evaluate the evidence 

through visualising. From the results of this study, some learners were unable to show 

how the behaviour of the particles and the temperature affect each other with PhET 

intervention in written task 1, section A. 

The current study shows that learners are unable to visualise the behaviour of the 

particles in solid, liquid and gas. At the same time, the lack of visualisation of the 

temperature applied on the substance and kinetic energy of the particles might be the 
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cause of learners’ failure to get the correct answers in the questions 1.1.3 and 1.1.4 in 

written task 1 section A before PhET intervention. These results are consistent with those 

of other studies, and suggest that learners found it difficult to characterise the three states 

of matter due to failure to connect concepts such as kinetic energy and temperature 

applied (Guiselin et al., 2022). Surprisingly, some of the learners were able to find the 

relationship between the behaviour of the particles and the temperature applied.  Hence, 

they were able to visualise the behaviour of the particles drawn on the chalkboard and to 

comprehend the behaviour of particles in solid, liquid and gas in written task 1. In contrast 

to these current results in chapter 4, there were not many learners who got the correct 

answer in questions 1.1.3 and 1.1.4 in this study. This showed that learners need to 

visualise the behaviour of the particles moving when the temperature is applied. Similarly, 

Jasien (2018) found that learners were unable to infer from the behaviour of the particles 

when the temperature keeps increasing. To substantiate, from Jasien’s study, even in this 

study, learners are unable to make inferences to come up with the correct relationship 

between the behaviour of the particles and the temperature applied. Thus, from the 

interview transcripts in written task 1 section A, learner A showed the confusion as “in 

solid the particles are closed to each other, for liquid and gas I don’t know how to 

differentiate in terms of the particles”. This showed that Learner A was unable to make 

inferences, resulting in him failing to comprehend the relationship between the behaviour 

of the particles and the temperature applied.  

� Inability to analyse and interpret a graph in processes of states of matter 

Learners were unable to analyse and interpret the graph given in chapter four written 

tasks 1 and 2 before the use of PhET simulation. Analysis and interpretation are the 

scientific reasoning skills learners should acquire when writing task 1, sections A and B.  

In the current study, Learner W seemed confused, “Sir! I randomly choose the answer” 

when answering question 1.1.5 in written task 1 section A. In short, the learner was unable 

to analyse and interpret the graph given in the change of processes of states of matter. 

Furthermore, the inability to analyse and interpret is due to insufficient visualisation of the 

movement of the particles of three different states of matter (Jenkins & Howard, 2019). 

Equally important, the scientific discovery as dual search (SDDS) highlighted one of the 
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tenets as learners should be able to search the experiments. Learners were supposed to 

visualise the behaviour of particles when performing experiments related to the change 

in states of matter. Afterwards, when they perform the experiments, they could be able to 

evaluate the evidence. For example, they can be able to observe the behaviour of the 

particles when the temperature is applied. Additionally, they can conclude on the states 

of matter as solid, liquid and gas according to the behaviour of the particles. In the current 

findings, learners visualised the behaviour of the particles in solid, liquid and gas on the 

chalkboard. Most of them were unable to analyse and interpret the graph given on the 

change in states of matter. This finding corroborates the ideas by Borghini et al. (2022), 

who suggested that learners had difficulty to analyse when the particles were not moving. 

They only visualised the drawn dots inside the box on the chalkboard when states change 

from one state to another. This is the reason they were unable to get the correct answers 

in written task 1 sections A and B due to their inability to execute scientific reasoning skills 

such as analysis. All in all, the lack of visualisation in 3-D results in learners lacking 

scientific reasoning skills. 

In this current study, in the interview transcripts, Learner U indicated that “Sir! You 

drew 3 boxes to show us the behaviour of particles in three states of matter but it’s not 

helping”. This showed that learners are unable to visualise the three states of matter to 

be able to analyse the written tasks. A study by Vieira and Morais (2021) indicated that 

learners experience challenges to characterise three states of matter. They were given 

three boxes with different dots inside to represent the behaviour of the particles when 

temperature is applied. 5 out of 40 learners were able to comprehend the dots as the 

behaviour of the particles. Still in the same study, three (3) learners showed that it was 

difficult to get question 1.1.5 from the written task 1 section A correct due to the lack of 

analysis and scientific reasoning skills. To illustrate this from written task 1, learners were 

supposed to analyse and interpret the graph given by checking the effects of temperature 

on the behaviour of the particles.  

From the answers, you can conclude that they are unable to analyse and interpret 

the graph given as written tasks. Similarly, another study by Chomanee et al. (2022) 

indicated that learners had difficulty in state of matter, specifically when the phase change 
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due to the abstract nature of atoms and molecules. Hence, the findings concurred with 

the findings of this study because the responses of the learners showed that the topic is 

too abstract in nature. For example, from the interview, learner U indicated that “I don’t 

know the answer for question 3.4.1”. Briefly, learners lack scientific reasoning skills such 

as analysis and interpretation, which emanated from the visualisation of the particles in 

3-D, dimensions. 

� Failure to make the correct prediction in state of matter 

Learners do not perform experiments with the formulated hypothesis (Löffelsender et al., 

2021). Most of them were unable to define melting point and sublimation. Consequently, 

learners failed to formulate the hypothesis due to lack of scientific reasoning skills of 

prediction. Similarly, in studies by Jasien (2018) and Löffelsender et al. (2021), learners 

failed to analyse the graph in this way. When the temperature increases, the kinetic 

energy of the particles also increases. The difficulty of interactions between particles and 

temperature results in learners failing to predict the change in state of matter. 

Furthermore, they were unable to formulate the hypothesis and to make predictions. For 

example, they were unable to explain what melting point and sublimation are. They 

indicated that in melting point, they do not see the behaviour of the particles starting to 

move or the breaking of the molecules. They were unable to visualise the behaviour of 

the particles to be able to predict.   

Learners were unable to define “sublimation”. This is because they did not even 

observe when the states change from solid to straight to gas. At the same time, they were 

supposed to visualise the change of states for them to be able to define “sublimation” 

correctly.  Again, for learners to acquire the scientific reasoning skill “prediction”, they 

need to observe the states of change from one form to another. Learner J answered 

question 1.1.1 as follows: “the phase at which liquid changes to gas” shows that the 

learner does not know how to make a prediction to be able to come up with the correct 

definition. To make a prediction helps learners to get all the questions correctly. To 

substantiate the idea, learner A got question 2.1 wrong. The questions that followed were 

also wrong. One of the issues that emerges from these findings is that learners are unable 

to observe, evaluate and infer the behaviour of the particles. Consequently, they struggle 
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in learning state of matter because of lack of good resources to demonstrate the 

behaviour of the particles (Healy et al., 2021). Similarly, in this study, learners were 

supposed to observe when the temperature increases and when it decreases. In this way, 

they can be able to evaluate and make inferences.   

� Undocumented reasoning in the change of states of matter 

Most learners left spaces open because they did not know what to write while others did 

not understand the topic at all. Few of the learners did not write the answers because 

they did not give themselves enough time to think. Undocumented reasoning is when 

learners leave open spaces without giving the answer on the question asked (Li et al., 

2020). They did not know what to write since the change in states of matter is too abstract. 

In other words, they did not understand the topic at all. For them to understand the change 

in states of matter, they should find the relationship between temperature and the 

behaviour of the particles, arrangement of the particles, difference between the diagram 

of cooling and heating curve, and characterise three states of matter in the diagram of the 

change in states of matter. Similarly, a study by Baydere (2021) highlighted those learners 

found it challenging to interpret graphs given on the change of states when the 

temperature is applied. Hence, some of them left spaces open without writing answers. 

Learners learn better through observation. Other findings support the assertion that 

learners need to acquire skills of interpretation because graphs need to be interpreted 

before answering the question that follows (Inaltekin & Akcay, 2021).  

 During the interviews, Learner K indicated that it was difficult for him to find the 

relationship between temperature and kinetic energy of the particles. Indeed, to learn 

without visualisation in 3-D made learning difficulty. Another study by Lopez and Pinto 

(2017) indicated that the learning of three states of matter was very difficult without 

visualising the behaviour of the particles. Few learners failed to find the relationship 

between temperature and kinetic energy because the changes in states of matter often 

involve abstract concepts such as molecular movement, energy transfer and phase 

transitions that are not directly observable. This made it challenging for learners to 

visualise and understand what is happening on a microscopic level. In a similar manner, 

they were unable to reason scientifically when the temperature decreased on the water 
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liquid states (Renati, 2022). This emanated from the issue of their inability to explain what 

freezing point is. This stresses the point that learners lack the skill of prediction. Hence, 

the challenges are due to the lack of visualisation. Another reason for learners to lack 

scientific reasoning skills or to leave spaces open were inadequate instructional methods. 

Traditional instructional methods that rely heavily on rote memorisation and passive 

learning may not be effective in teaching scientific reasoning. Active learning strategies 

such as hands-on experiments, simulations and inquiry-based learning are often more 

effective but may not always be used. Contrarily, the PhET simulation was used in this 

study to improve scientific reasoning in learning the change in states of matter. Future 

studies on the current topic are therefore advised to address these challenges in learning 

the change in states of matter. Learners can use a variety of strategies, including inquiry-

based learning, hands-on experiments, visual aids, analogies and formative assessments 

to support and enhance learners’ scientific reasoning skills.  

4.5 Synthesis  

The interpretation of the results has led to the realisation of principal findings of the study. 

First, learners were able to find the relationship between the temperature and behaviour 

of the particles in different states of matter such as solid, liquid and gas. Accordingly, the 

justification that was given by learners during the interviews highlighted that through the 

use of PhET, they could visually see the animations that clarify the microscopic increase 

and decrease of the temperature, resulting in increased kinetic energy of the particles. 

This results in the particles to behave differently in solid, liquid and gas. In solid, the 

particles pack together as tightly as possible in a neat and ordered arrangement; in liquid 

particles are quite close together and move with random motion throughout the container; 

and in gas they move rapidly in all directions, colliding with each other. Consequently, 

learners were able to achieve scientific reasoning skills of prediction and analysis 

because they were able to come up with the hypothesis such as “when the temperature 

increases, the kinetic energy of the particles also increases”. According to the SDDS, this 

indicates that they were comfortably operating within the tenet, ‘search for hypotheses.’ 

Second, by observing the behaviour of the particles in terms of arrangements using PhET 

simulation, learners were able to conclude on the final states of matter. They concluded 
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the states of matter in this way, they are closed and organised in solids, closed but 

irregular in liquids and far apart and irregular in gases.  Also, during the interviews, they 

provided a reason that the simulations clearly displayed the various arrangement and 

behaviour of the particles. For example, in a solid state, they were packed together and 

with vibrations; in a liquid state, the particles were loosely packed; and in a gas state, the 

particles were far apart and in motion. As a result, the scientific reasoning skills of analysis 

and interpretation were achieved. Hence, in the auspices of the SDDS, the learners were 

collecting data related to the change in states of matter, exhibiting scientific reasoning 

skills within the tenet, ‘search for experiment’.    

Third, learners were able to generate the trend of the decrease in temperature 

results with a decrease in kinetic energy of the particles. During the interview, they 

provided justifications that the PhET simulations assisted them to observe the behaviour 

of the particles as well as how the increase and decrease in temperature affect the 

movement of the particles. Hence, the scientific reasoning skills of analysis and making 

informed inferences were acquired. By acquiring the scientific reasoning skills of analysis 

and making inferences, they were able to reason out when the temperature is at constant 

with what the energy referred to on the heating curve diagram. As a result, the SDDS 

pitch in to allow learners to draw conclusions after the visualisation of the particles 

regarding the temperature applied, arrangement of particles, behaviour of the particles, 

pressure and the speed of the particles- operating within the tenet “evaluate the 

evidence”.  

Fourth, they were able to reason out why the temperature increases or decreases 

during phase change. Thus, the reason was given from the interview transcript. Learners 

were able to notice if the diagram is showing either cooling or heating curve. The reason 

emanated from visualising the behaviour of the particles with the temperature applied. 

Consequently, the scientific reasoning skill of evaluation was achieved by learners. 

According to one of SDDS tenets, “evaluation of evidence”, this proves that they were 

able to draw conclusions by giving the reason why the behaviour of particles depends on 

the decrease and increase in the temperature attained when PhET was used. Fifth, 

learners were able to characterise the states of matter on the physical changes of 

substances at atmospheric pressure. As a result, from the interview transcripts, they 
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justify the ability to characterise using the arrangements of the particles through PhET 

simulation. In solid, particles are close to each other and vibrating; in liquid, they are 

slightly in motion; and in gas, the particles gain more kinetic energy. The two tenets of 

SDDS “search hypothesis” and “search experiment” indicate that learners were able to 

formulate the hypothesis relating to the change in states of matter. Afterwards, they were 

able to perform an experiment in collecting data on the change of states of matter through 

PhET simulation. During the experiment, some of them were unable to achieve the 

scientific reasoning skills of making an informed inference. Lastly, still some of the 

learners fail to find the relationship between temperature and the behaviour of the 

particles, arrangement of the particles, differences between the diagram of cooling and 

heating curve; and to characterise three states of matter in the diagram of the change in 

states of matter. Consequently, in interview transcripts, learners indicated that when 

observing the behaviour of the particles, it was too difficult to make informed inferences 

of the above-mentioned properties. Indeed, they were unable to find the relationship 

between arrangements of the particles and the temperature applied. Hence, the scientific 

reasoning skills of prediction, analysis, interpretation, evaluation and inference were not 

achieved. This shows that they were unable to find the trend between temperature and 

kinetic energy of the particles which flawed the evaluation of evidence. 

Figure 4.27 proposed scientific reasoning skills of characterising states of matter 

as solid, liquid and gas using PhET simulation and the way the results were evaluated 

with the SDDS. Related to the two written tasks, interview transcripts and observations, 

learners answered the questions by formulating the hypothesis first and after that search 

for the experiment. To perform the experiment, PhET was used to visualise the behaviour 

of the particle in 3-dimensions. Through visualisation of the particles, learners were able 

to evaluate the evidence. For example, from the current study, they were able to conclude 

on the final states of matter by observing the arrangement of the particles. To evaluate 

the evidence, they started to exhibit scientific reasoning skills such as prediction, analysis, 

interpretation, evaluation and making inferences. Figure 4.27 is a cyclic process because 

if the experiment does obtain the outcome, the process keeps starting and repeating itself. 
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Figure 4.27: Synthesis of SDDS, scientific reasoning skills, PhET and the change in states of matter for 

the current study 
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4.6 Chapter summary  

The chapter presented an analysis of data acquired, interpretation and discussion of 

results from two written tasks, observations and semi-structured interviews. Since five 

themes emerged from the two sets of data, the analysis was shown in each theme as a 

way of illustrating that Grade 10 learners displayed various scientific reasoning skills while 

responding to the two written tasks, observations and semi-structured interviews. The 

next chapter will focus on the limitations of the study, conclusions based on the research 

questions and recommendations. 
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CHAPTER 5:  

CONCLUSIONS AND RECOMMENDATIONS 
5.1 Introduction 

The previous chapter focused on the data presentation, analysis and interpretation of 

results. This chapter presents the reflection on research design and method, research 

questions of the study, recommendations, contributions of the study, limitations of the 

study and the conclusions. Sequentially, the research design and methods are checked 

if they were followed. At the same time, I check if the sub-questions of this study were 

answered and recommendations are made. Additionally, the limitations of the study are 

addressed in this chapter. Over and above, the conclusions of the study will be made. 

Revisiting what was stated in chapter one, the purpose of this study was to explore 

scientific reasoning skills of state of matter using physics education technology (PhET).  

5.2 Reflection on research design and method 
This study adopted the exploratory case study design by Merriam and the qualitative 

approach. Three instruments were used to collect data: documents, observations and 

interviews. The ‘what’, ‘why’ and ‘how’ research questions were asked. During inductive 

data analysis, the data were categorised, grouped and coded. Thereafter, themes 

emerged from the coded data. Furthermore, the results of the study were generated, then 

interpreted using literature and the theoretical framework, the SDDS. Subsequently, the 

principal findings were generated.  

5.3 The answers to the research questions 

The research questions were categorised into the main research question and sub-

research questions. The main research question was: How does the use of PhET explore 

scientific reasoning skills in characterising the state of matter? The sub-research 

questions were: What are the learners’ scientific reasoning skills of state of matter when 

using PhET? The answers of this first sub-research question are as follows: a) prediction 

and analysis, which learners exhibited when they identified with ease the relationship 

between temperature and the behaviour of the particles by visualising the behaviour from 
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the simulations; b) analysis and interpretation were executed by learners when drawing 

conclusions on the final states of matter through PhET simulations; c) making informed 

inferences was attained when learners indicated that the trend of the decrease in 

temperature results in the decrease in kinetic energy of the particles by observing the 

behaviour of the particles from PhET simulations; d) evaluation was achieved by learners 

through PhET simulations when reasoning out why the temperature increases or 

decreases during phase change; e) drawing conclusions emanated from learners’ ease 

in characterising the states of matter on the physical changes of substance at 

atmospheric pressure through PhET simulation; f) learners fail to find the relationship 

between temperature and the behaviour of the particles, arrangement of the particles, 

difference between the diagram of cooling and heating curve, and to characterise three 

states of matter in the diagram of the change in states of matter due to lack of 

simultaneous use of prediction, analysis, interpretation, evaluation and making 

inferences. 

Why do learners exhibit these particular scientific reasoning skills? The answers 

to this second sub-research question are given below: a) learners exhibited prediction 

and analysis because they highlighted this through the use of PhET. They could visually 

see the animations that clarify the microscopic increase and decrease in the temperature, 

resulting in increase in the kinetic energy of the particles; b)  learners executed analysis 

and interpretation because they provided reasons that the simulations clearly displayed 

the various arrangement and behaviours of the particles; c) learners displayed the 

scientific reasoning skills of making informed inferences since they made justifications 

that the PhET simulations assisted them to observe the behaviour of the particles as well 

as how the increase and decrease in the temperature affect the movement of the 

particles; d) learners expressed evaluation because they were able to notice if the 

diagram is showing either cooling or heating curve, the reason emanated from visualising 

the behaviour of the particles with the temperature applied; e) learners were able to draw 

conclusions for the reason that they justified the ability to characterise using the 

arrangements of the particles through PhET simulation, such as that solid particles are 

close to each other and vibrating. In liquid, the particles are slightly in motion, and in gas 

they gain more kinetic energy; f) scientific reasoning skills of prediction, analysis, 
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interpretation, evaluation and making inferences were not simultaneously achieved 

because learners indicated that when observing the behaviour of the particles, it was too 

difficult to make evaluations and informed inferences all at once. 

5.4 Recommendation 
The findings of the current study give informed suggestions on the teaching and learning 

of chemistry, specifically the change in states of matter: a) it suggested that teaching and 

learning of states of matter should use PhET simulations to visualise microscopic 

properties of states of matter. There should be learning intervention that will address the 

simultaneous achievement of scientific reasoning skills. b) Since the current study has 

revealed that it is almost impossible to achieve, predict, analyse, interpret, evaluate and 

make informed inferences simultaneously, future studies should focus on equipping 

learners with the necessary knowledge to develop all the scientific reasoning skills at 

once.  

5.5 Contributions of the study 
The purpose of the study was to explore scientific reasoning skills of the change in states 

of matter. The study contributed in equipping learners to observe the arrangement of the 

particles in different states of matter, solid, liquid and gas using PhET. Information that 

was unclear, and the scientific reasoning skills that learners exhibit when they use PhET 

has now been revealed. It is now clear that learners exhibit, predict, analyse, interpret, 

evaluate and make informed inferences when using PhET simulations. However, there is 

still a challenge related to the integration of reasoning skills which this study showed that 

PhET simulations cannot do. The use of SDDS proved to be relevant in evaluating the 

results to reach principal findings mentioned in the study. Hence, this study extends the 

use of the SDDS towards the realisation of learners’ scientific reasoning skills of 

characterising states of matter using PhET simulation.   

5.6 Limitations of the study 
Some learners were unable to operate PhET simulation. For example, to increase and 

decrease the temperature. At the same time, even if they were observing the behaviour 

of the particles through PhET simulation, a facilitator was needed to clarify what is 

happening during the observation to develop scientific reasoning skills. Again, most 
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learners were able to develop scientific reasoning skills, and it was too difficult for them 

to evaluate the evidence from visualisation. Network coverage disturbed the PhET 

simulation to visualise the behaviour of the particles when the temperature is applied. All 

in all, the use of PhET simulation can be blend with improvisation as the method in 

learning the change of states of matter. For example, while learners are visualising the 

change of states from liquid to gas using PhET, I can bring electrical hotplate and pot with 

water for boiling purpose. Consequently, learners can observe the behaviour of the 

particles when using PhET simulation and by improvisation. Hence, if I can be given 

another chance to conduct the study. In this way, the scientific reasoning skills of 

prediction, analyses, interpretation, evaluation and making informed inferences can be 

developed. Hopefully, learners can grasp the scientific reasoning skills simultaneously.  

5.7 Conclusion 
This study sought to explore scientific reasoning skills of the change in states of matter. 

The two research questions were answered, and learners were able to exhibit scientific 

reasoning skills when learning the change in states of matter. The data from the 

documents answered the first sub-research question, and interview data answered the 

second sub-research question.  Moreover, PhET was used to visualise the behaviour of 

the particles in different states of matter. Subsequently, learners were able to find the 

relationship between the temperature and behaviour of the particles in different states of 

matter. As a result, scientific reasoning skills of prediction and analysis were achieved. 

Hence, the justifications that was given by learners during the interviews highlighted that 

through the use of PhET, they could visually see the animations that clarify the 

microscopic increase and decrease of the temperature, resulting in increased kinetic 

energy of the particles. At the same time, by observing the behaviour of the particles in 

terms of arrangements using PhET simulation, learners were able to conclude on the final 

states of matter. Consequently, the scientific reasoning skills of analysis and interpretation 

were achieved. This resulted in learners’ provision of reasons that the simulations clearly 

displayed the various arrangements and behaviours of the particles.  

Furthermore, the scientific reasoning skills of making informed inferences was 

exhibited. Making informed inferences emanated when learners generated the trend that 
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the decrease in temperature results in decrease in kinetic energy of the particles. 

Accordingly, learners provided justifications that the PhET simulations assisted them to 

observe the behaviour of the particles as well as how the increase and decrease of 

temperature affects the movement of the particles. Another scientific reasoning skill of 

evaluation was clearly executed by learners in justifying why the temperature increases 

or decreases during phase change. Consequently, they were able to notice if the diagram 

is showing either cooling or heating curve. The reason emanated from visualising the 

behaviour of the particles with the temperature applied. In the same way, learners were 

able to characterise the states of matter on the physical changes of substance at 

atmospheric pressure. As a result, they justify the ability to characterise using the 

arrangements of the particles through PhET simulation. In solid, particles are close to 

each other and vibrating; in liquid, they are slightly in motion; and in gas, the particles 

gain more kinetic energy.  Still, some of the learners failed to find the relationship between 

temperature and the behaviour of the particles, arrangement of the particles, difference 

between the diagram of cooling and heating curve, and to characterise three states of 

matter in the diagram of the change in states of matter. Hence, they indicated that when 

observing the behaviour of the particles, it was too difficult to exhibit scientific reasoning 

skills simultaneously. 
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Appendix E:  Data collection instrument (Documents) 

� The following was written task 1 section A 
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� The following was written task 1 section B 

 
 

 

 

 

� The following was written task 2 
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Appendix F: Semi-structured interview schedule  
 

Topic: state of matter   Grade: 10 

Questions  Answers from learners  

1. What is your understanding of the state 
of matter? and its important? Explain 
the importance of this PhET in a few 
lines. 

 
 

2. What is your understanding of behavior 
of particles in solid, liquid and gas? 
How useful is this in this subject 
physical science. 

 

3. Which Source of information help you 
to learn this? which are most 
preferable source to learn this. 

 

4. What are the challenges you faced 
characterizing state of matter when 
answering the written task? Explain. 

 

5. Differentiate gas, liquid, solid? Using 
kinetic molecular theory 

 

6. How helpful can PhET be, in assisting 
you to understand the topic state of 
matter. 
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Appendix G: Observation schedule 
 

During the use of PhET. 

QUESTIONS  YES NO  COMMENTS 
1. Learners can grasp high 

cognitive reasoning skills 
when performing the 
experiments 

   

2. Learners can explain the 
particles using kinetic 
molecular theory 

   

3. From the experiments, 
learners can characterise 
solid, liquid, and gas 

   

4. Learners can explain the 
effect of temperature to 
find the difference 
between the three 
phases. 
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Appendix H: Consent form 
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Appendix I: Letter for editing   
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Appendix J: Learners using PhET simulation to characterise states of matter (links) 
 

1. https://youtu.be/PlbPkEIqFFo?si=C_CXiLhERiUv57Py 
 

2. https://youtu.be/1N_39_6Pcfo?feature=shared 
 

3. https://youtu.be/P0A7Kzha0xo?feature=shared 

  

 

 

  

https://youtu.be/PlbPkEIqFFo?si=C_CXiLhERiUv57Py
https://youtu.be/PlbPkEIqFFo?si=C_CXiLhERiUv57Py
https://youtu.be/1N_39_6Pcfo?feature=shared
https://youtu.be/P0A7Kzha0xo?feature=shared
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