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Abstract 

Scientific concepts such as molecules, elements, and energy transformations are often abstract and inaccessible to learners' direct 
experiences, making conceptual understanding and retention challenging. This study examined the effectiveness of a States of Matter 
Physics Education Technology simulation in enhancing grade 6 learners’ cognitive structures and retention of phase change concepts. 
A mixed-method explanatory sequential design was adopted, incorporating pre-test, post-test, delayed post-test, word association 
tests, and interviews. Sixty-four learners participated, divided into an experimental group taught using the simulation and a control 
group taught through traditional methods. A validated two-tier diagnostic questionnaire and a Phase Change of Matter Test were 
administered to measure conceptual understanding and retention. The information processing theory served as the study’s theoretical 
foundation. Results revealed a statistically significant improvement in concept retention among learners exposed to the simulation, 
indicating its effectiveness over conventional instruction. However, cognitive structure analysis showed persistent reliance on non-
scientific terminology. These findings underscore the value of integrating simulations into science instruction and suggest using word 
association tasks to identify and address learners' misconceptions. The study recommends further research on the long-term effects 
of such interventions on memory retention. 
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1. INTRODUCTION 

Retention of phase change of matter concepts is vital for learners’ success in future science and Science, 
Mathematics, Engineering, and Technology (STEM) related fields (Shemer, 2024). Instructional methods play 
an important role in learners' retention ability; inappropriate teaching methods in science invariably translate 
into learners’ inability to retain the concepts  (Ajayi & Angura, 2017). In South Africa, the learning environment 
in rural areas is largely teacher-centered, and large classes (Khumalo & Maphalala, 2018). In general, large 
classes have less than favorable outcomes, including increased reliance on traditional teaching approaches, 
less active learner engagement, and fewer interactions between teachers and learners. Educators have been 
encouraged to adopt a variety of teaching strategies both inside and outside of the classroom in order to 
minimize the unwanted results of teaching large classes and to increase learner long-term retention. One of 
the promising instructional methods is technology integration, such as simulations, that can enhance the 
learning and retention of concepts (Shinde & Sarma 2024; Mohafa et al., 2022; Fabeku & Enyeasi 2024). 

The use of simulations for science learning is currently widespread (Xodabande et al., 2024; Altun & Serin, 
2019; Khlaif et al., 2021; Matute-Vallejo & Melero-Polo, 2019) . In sub-Saharan Africa, the use of simulations 
is slowly rising, especially in rural primary schools. The simulations are not used interactively but are 
manipulated by the teachers (Chinaka, 2021; Ndihokubwayo et al., 2020). Recent studies reveal that the use 
of simulation results in conceptual understanding, retention, increased performance, and learning gains 
(Woldemariam et al., 2024; Chinaka, 2021; Ndihokubwayo et al., 2020; Sanina et al., 2020). However, there is 
a dearth of research on retention and cognitive structures related to the use of PhET simulations in science 
education, especially on the topic of phase change of matter. The term retention, as used in the present study, 
relies on the definition of (Sousa, 2007) (who views retention as a measure of how well a learner remembers 
the material over time. Sousa (2007) claimed that retention measures how well a learner remembers material 
over time and is enhanced by instruction methods that support the encoding of information in long-term 
memory. Retention can be fostered by internal and external factors, such as comprehension of phase change 
of matter concepts, as well as by external factors such as teaching methods (Engelbrecht et al., 2007). 

The cognitive structure is a considerable building block for meaningful learning and retention of 
instructional materials (Ifenthaler et al., 2011). In addition, it contributes to both the memory of previous 
knowledge and the acquisition of new information. In assessing subject knowledge as well as prior knowledge, 
it is useful to determine learners' cognitive structure. The uncovered cognitive structure can provide a 
topographical map that identifies key learning difficulties and facilitates their resolution (Nakiboğlu, 2023). As 
a result, educators can develop effective instruction strategies by exposing learners' cognitive structure. 

Physics Education Technology Project PhET is a set of interactive, research-based science and mathematics 
online simulations. Simulations are computer-based representations of natural phenomena that display the 
outputs of changes in input variables (Correia et al., 2019). A simulation is a software program that allows 
learners to explore complex interactions among dynamic variables that model real-life situations. Learning 
natural science and technology is difficult for many learners due to their inability to visualize molecular 
structures and processes. Correia et al., (2019) recommended to use simulations to build learners’ 
understanding at a sub-microscopic level first to allow them to gradually refine their ideas that can be applied 
to a larger variety of novel situations in the future. 

Scientists have studied matter extensively over the past 30 years, as it is one of the fundamental concepts 
in science (Özmen, 2013). There have been numerous studies that have examined learners' conceptions of 
matter, and all levels have difficulties comprehending matter's particulate nature. Learners' understanding of 
matter as continuous contradicts the particulate nature of matter, which has been attributed to this problem 
(Savasci-Acikalin, 2021). One of the advantages of simulations is ‘‘the multi-representational visualizations of 
imperceptible objects and phenomena make explicit the information embedded in external representations 
with interactive visual displays, thus helping learners perceive the relationship between the representing and 
represented world” (Taibu et al., 2021). Thus, PhET simulations allow learners to connect to the real world and 
allow student interaction and inquiry. Simulations are also cost-effective, and they can be useful in schools 
situated in rural areas. According to Wilcox and Lewandowski (2017), learners from primary schools are more 
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likely to construct new knowledge through multimedia presentations, such as the use of simulations. Few 
studies have documented the teaching of science in primary schools using states of matter PhET simulations 
to investigate retention and the cognitive structures. In South Africa, learners start to learn about the states 
of matter (SOM) in Natural Sciences and Technology (NST) from grade 4, where they use physical properties 
to describe a state of matter. Learners need to understand that matter exists in all phases and that matter can 
also change its states, by either absorbing or releasing energy. Several studies have explored learners’ 
conceptions of matter and found that learners, at all grade levels, struggle to understand the sub-microscopic 
nature of matter (Nakhleh et al., 2005; Othman et al., 2008; Singer et al., 2003; Taber & García-Franco, 2010). 
The researcher explored the use of simulations on learners' conceptual understanding of phase changes of 
states of matter in grade 6 learners, since such studies have rarely been done in South Africa 

This study postulates that grade 6 learners experience difficulties in grasping and understanding many 
topics and concepts in Natural sciences and technology. One of these topics is states of matter (SOM). The 
topic is important, and it is the foundation of many sciences, technology, engineering, and mathematics 
(STEM) disciplines. The SOM is fundamental in NS/Tech and is used to explain the behavior of matter and the 
complex arrangement of the materials that make up objects. The configuration and behavior of the particles 
in materials and their interaction with energy at the sub-microscopic level are abstract. The abstract nature of 
matter and its phase changes are beyond the conceptual understanding of primary and secondary learners if 
improper instructional approaches are used (Popova & Jones, 2021). This study aimed to investigate the 
retention and cognitive structures of the SOM PhET simulation among grade 6 learners. The following research 
questions were set to guide this study: 

1. Is there a statistical difference in the retention ability between post-test and delayed post-test mean 
scores of the grade 6 learners taught with a SOM PhET simulation versus traditional teacher-centered 
instruction? 

2. How does a SOM PhET simulation enhance the retention of phase change of matter concepts among 
grade 6 learners? 

3. What are the cognitive structures of grade six natural sciences learners regarding the topic phase 
change of matter after instruction? 

1.1. Literature review 

Physics Education Technology Project PhET is a set of interactive, research-based science and mathematics 
online simulations. A multimedia software designed as a computer-assisted scaffolding system to teach 
science and mathematics. The PhET simulations can be used online or offline. Simulations are computer-based 
representations of natural phenomena that display the outputs of changes in input variables (Correia et al., 
2019). A simulation is a software program that allows students to explore complex interactions among 
dynamic variables that model real-life situations. Learning natural science and technology is difficult for many 
learners due to their inability to visualize molecular structures and processes. Correia et al., (2019) 
recommended to use simulations to build learners’ understanding at a sub-microscopic level first to allow 
them to gradually refine their ideas that can be applied to a larger variety of novel situations in the future. 
One advantage of simulation-based learning is the enhancement of learners’ conceptual understanding of 
scientific phenomena (Quellmalz et al., 2012). 

Some studies report improved academic performance when simulations are used to teach and learn 
stoichiometry concepts in high schools (Ndihokubwayo et al., 2020; Sorden, 2012)  . Their studies found that 
learners exposed to simulations achieved outstanding results in chemical equation balancing and 
interpretation. These studies were conducted with high school learners, and there is a need to establish the 
effect of simulations on learners’ cognitive structures and retention of phase change of matter concepts under 
natural science and technology classroom settings in primary schools. In South Africa, available studies on 
science teaching focused on areas such as the potential of integrating technologies and improving the teaching 
and learning of natural science and technology. There is a dearth of studies on the actual use and empirical 
effects of simulations in primary school classrooms, particularly those focusing on the phase change of matter. 
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Mohafa et al., (2022) Investigated the effect of computer simulations on grade 12 learners’ performance 
and retention of stoichiometry concepts. A quasi-experiment was used to compare the performance between 
experimental and control groups. The experimental group recorded higher mean scores in the post-test and 
retention mean scores. Therefore, they concluded that simulations improved learners’ performance and 
retention of stoichiometry concepts. The reported study did not investigate the cognitive structures of the 
stoichiometry concepts. Thus, the present study sought to investigate how simulations improved retention 
among primary school learners. Therefore, there is a need to establish the effect of simulations on learners’ 
cognitive structures and retention in natural sciences and technology classroom settings. Mohafa et al., (2022) 
recommended that simulations be used to supplement the teaching and learning of science, in particular 
chemistry.  

With many science education studies focusing on knowledge retention, retention is treated as one section 
of a dynamic model of the learning process (Gkitzia et al., 2020). These authors claim that concepts are not 
immediately or completely forgotten once learned. Moreover, retention decreases over time. Ortiz-Lozano et 
al., (2020) define the retention interval as a period between the test of the original learning, which proceeds 
after classroom instruction, and the delayed post-test retention test. Khishfe (2015) differentiates short and 
long-term retention according to days, weeks, and months. Short-term retention refers to the post-test that 
is taken after some days and weeks, and long-term retention starts from a month to years. In this study, the 
delayed post-test was administered after a month, and it fits under long-term retention. Retention over a 
month was chosen because (Sendur et al., 2017) contend that longer interval retention is harder to assess. 

Ajayi and Angura (2017) investigated the students’ retention in electrolysis using a collaborative concept 
mapping instructional strategy (CCMIS). Two instructional methods were compared: CCMIS and discussions. 
The results of the study revealed that students who were taught using CCMIS had higher statistically significant 
mean retention scores as compared to those exposed to the other instructional method. Furthermore, the 
retention ability of the students was not influenced by gender. Thus, it can be concluded that retention is 
influenced by the instructional approach.  

Learners' long-term memory can be modelled in several ways (Nakiboğlu, 2023). Knowledge acquired in 
science classes is organized hierarchically in long-term memory and can be visualized as a cognitive structure 
(Miller, 2016). As an integral part of the cognitive structure, learners can reconstruct and process the 
information they receive as a result of their past experiences and knowledge. Therefore, determining learners

’ cognitive structure is useful in assessing both subject knowledge and prior knowledge. Exposing learners' 
cognitive structures can also assist educators in developing appropriate instructional strategies. 

1.2. Theoretical framework 

Information processing theory is part of the cognitive load theory of learning that entails the processing, 
retrieval, and retention of knowledge from the brain, as well as storage (Jawad et al., 2021). The theory clarifies 
how an individual grasps information and can recall it for a long time (Pratiwi et al., 2019). The information 
acquired is much easier to process if that information is well structured and organized, especially for primary 
school learners. Schunk (2012) argued that well-structured and organized information can improve memory 
because the information items are systematically well-connected. According to Schunk, (2012) it is easier to 
remember the information if it is presented in an organized manner. If the information has been received, it 
is then encoded and stored in memory. Wickens and Carswell (2021) argued that the storage encompasses 
how information is sustained over a period, and information is organized in memory. The perception filter 
(Figure 1) involves the ability of a learner to select important information from the topic phase change of 
matter. According to (Todd et al., 2012), the perception filter is directly proportional to academic performance. 
Instructional implications of the perception filter require educators to focus on important points during 
lessons and avoid irrelevant information. The present study did not follow the full spectrum of the IPM. 
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Figure 1  
Information processing theory adapted  

 

Source: Pratiwi et al., 2019 

Information processing begins when an external stimulus is related to one or more of the following: 
hearing, sight, and touch. Adequate sensory memory takes in external stimuli and stores them in sensory 
records for a period. Information enters the system via sensory memory but is only stored for a limited period. 
To stay in the system, information entered into short-term memory is combined with information in long-term 
memory. Essentially, germane load refers to the capacity of the working memory to link new ideas with long-
term memory information.  

New information is classified by the brain and stored in long-term memory when a learner is exposed to it. 
This classification is known as a schema. Schemas are like folders in the memory where information is stored 
and retained. The weakness of long-term memory is that it is very difficult to access the information stored in 
it. Learners have difficulty accessing information because accessing information that is tempered is imperfect. 
However, critics of the CTL and IPM have argued that other factors, such as motivation (Lepper et al., 2005), 
learners’ attitude towards science (phase change of matter), and metacognition (Alexander, 2008)influence 
learners’ educational attainment. In summary, to learn and retain instructional materials effectively, long-
term memory is a crucial component. During classroom instruction, information is stored in the short-term 
memory before being transferred to the long-term memory. Data from the observations of the macroscopic 
domain is collected through perception filters and processed by comparing with prior experiences in the 
working memory, and finally meshed into new knowledge and stored in the long-term memory. 

1.3. Purpose of study 

This study examined the effectiveness of a States of Matter Physics Education Technology simulation in 
enhancing grade 6 learners’ cognitive structures and retention of phase change concepts.  

2. METHOD AND MATERIALS 

2.1. Research design 

The present study used a mixed-method approach within a quasi-experimental descriptive design. The 
design consists of a sequential quantitative and qualitative phase. The mixed-methods research approach 
views quantitative and qualitative research designs as complementary (Creswell & Creswell, 2017). The study 
used a non-equivalent pre-test-post-test, a delayed post-test control group, and interviews in the sequential 
design. The target population of this study was all grade 6 NS/Tech learners in primary schools of South Africa. 
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The accessible population was sixty-four grade 6 learners of four public primary schools in the UMkhanyakude 
district in the KwaZulu-Natal province of South Africa. Four public rural primary schools where the research 
was conducted were selected mostly for convenience, since the researchers had direct access to the primary 
schools. Two schools were randomly assigned to experimental and control groups. The experimental groups 
were taught using a SOM PhET phase simulation, and the control group was taught using a traditional teacher-
centered instruction approach. Eight learners were purposively selected for interviews. The time frame for 
each interview session ranged from 15 to 20 minutes. Due to the global pandemic, COVID-19, all necessary 
health protocols were observed, such as maintaining social distancing, using face masks throughout the 
sessions, and sanitizing regularly. Interviews were conducted face-to-face, and all COVID-19 safety measures 
were observed. The study was conducted for six weeks during the April-June 2022 second term. 

2.2. Data collection instrument 

The first stage of the instrument development involved defining the content boundaries of the phase 
change of matter. South Africa’s primary school National Curriculum Statement (NCS) for natural sciences and 
technology was used to define the content scope of the study, encompassing matter & materials, solids, 
liquids, and gases. The second stage involved reviewing the literature and identifying alternative conceptions 
that were used as distractors in the first tier of the multiple-choice test. The distractors were based on studies 
reported by (Adadan et al., 2009; Ayas et al., 2010; Aydeniz & Kotowski, 2012). The phase change of matter 
test (PCMT) was developed by the researcher to illicit learners’ retention of phase changes of matter (Figure 
1.2 Question 3). The test consisted of ten two-tier multiple-choice questions. The phase change of matter 
concepts covered in the PCMT were evaporation, melting, and condensation. Two-tier multiple-choice 
questions were made up of content-based questions (first tier), Interpretation/justification (second tier) (see 
figure 1). 

Figure 1 
Multiple choice question 
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The second instrument was the phase change of matter Word Association Tests (WAT). The WAT 
represents a tool for exploring aspects of the content and structure of an individual’s knowledge in a specific 
content area (Derman & Eilks, 2016). Four stimulus keywords were provided in a booklet (condensation, 
freezing, melting, evaporation). Content validity was established by presenting the PMCT and its National 
curriculum statement (NSC) natural sciences and technology objectives to four teachers to ensure that the 
content of the test falls within the scope. Teachers were requested to fill out a checklist (yes or no), followed 
by remarks on each question. The checklist was modelled along (Heale & Twycross, 2015) factors that affect 
the validity of a measuring instrument: The questions test learners’ understanding of phase change of matter, 
confusing and ambiguous test items are eliminated to ensure that the questions would not be misinterpreted, 
using vocabulary at the correct level of difficult for test takers, ensuring that each question has only one 
unequivocal intended response in each tier. Content validity of the WAT was obtained by giving three 
experienced physical sciences teachers their opinions about the stimulus words used in the study, and it was 
confirmed that they were suitable for the study. The third instrument was semi-structured interviews. To 
engage the participant and establish the narrative terrain, interview schedules are developed to guide 
interviews and provide answers predetermined by the interviewer (Kumar, 2018). By using a semi-structured 
interview schedule, the researcher could probe for insufficient detail, depth, or clarity in answers. The 
researcher devised the interview schedule to obtain more detailed information about learners' retention of 
phase change of matter concepts. A total of four questions based on phase changes of matter were used. 
Interviews were recorded on a tape recorder, and each interview lasted for 15-20 minutes. In a qualitative 
study, Kumar (2018) contends that trustworthiness is the degree to which a review merits focusing on, worth 
observing, together with the degree to which others are persuaded that the discoveries can be relied upon. In 
the qualitative approach, internal and external validity and reliability are replaced by the criteria of 
trustworthiness and authenticity. Qualitative research is trustworthy when it accurately represents the 
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experiences of the participants in the study. To ensure trustworthiness, the researchers personally directed 
interviews where all the participants were recorded accurately, and the recorded data were interpreted fairly. 
During the treatment stage, the experimental group (EG) was taught with (States of Matter Basics) PhET 
simulation, and the control group (CG) was the traditional approach, which included teacher explanations, 
demonstrations, and examples. In the CG, it was a more teacher-centered approach that involved 
explanations, demonstrations, examples, and illustrations from the teacher in a 'talk-and-chalk' type of lesson. 
The educators also showed charts, pictures, and PowerPoint figures to the learners. 

2.3. Data analysis 

The PCMT was administered to all sixty-four grade six natural sciences as a pre-test before the teaching of 
the phase change of matter. To maintain validity and reliability, the pre-test was written under supervised 
school examination conditions. The teaching assistants invigilated the pre-test. The learners were not 
informed about the date of writing the pre-test to avoid studying before the test. The PMCT was written on 
the same date and time by the experimental and control groups. All the completed and spare PMCT copies 
were collected by the researcher after the test. The same PCMT was administered after a week as a post-test 
and after a month as a delayed post-test to test the retention of concepts. The WAT was administered soon 
after the delayed post-test. Descriptive and inferential statistics were used to analyze quantitative data. Data 
analysis of the WAT was conducted using the response frequencies' map method proposed. The interview 
learners’ responses were analyzed using a scientifically completed response (nomothetic) and classification of 
explanations (ideographic). Idiographic and nomothetic methods are two different approaches used to 
understand social life in the social sciences. A nomothetic method is used to produce “general statements that 
account for larger social patterns, which form the context of single events, individual behaviors, and 
experience” (Crossman, 2019). In science education, a nomothetic approach is used to assess definitions of 
scientifically complete responses by Kabapınar (2009). The study was approved by a letter of approval from 
the University's Higher Degrees Committee, and an ethical clearance letter was granted from the Faculty Ethics 
Committee. Any deception of participants, protection of participants from any forms of harm, provision, 
choice of participation, and confidentiality of data are five important issues related to ethics in research (Mills 
& Gay, 2016). No one except the researchers had access to the data collected in this study. Learners and 
parents completed an informed consent form, and the purpose and objective of the study were explained. 
This study was conducted in public schools, and therefore, all necessary ethical considerations were met. 

3. RESULTS 

The first research problem focuses on the statistical difference in retention ability between post-test and 
delayed post-test mean scores of the grade 6 learners taught with a SOM PhET simulation versus traditional 
teacher-centered instruction. To provide the answer to the first research question, the following null 
hypothesis was tested:H0: There is no statistically significant difference in the retention ability of 
learners taught using the SOM PhET simulation versus those using the teacher-centered method on states of 
matter concepts. The alternative hypothesis was formulated as follows: H1: There is a statistically 
significant difference in the retention ability of learners taught using a SOM PhET simulation versus those 
taught using the teacher-centered approach on states of matter. The delayed post-test mean scores of the 
control and experimental groups were subjected to an independent t–test to test the above null hypothesis. 
The resulting p- p-value was 0.001, implying a statistically significant difference between the two groups' mean 
scores (Table 1). Thus, the null hypothesis, which stated that there would be no statistically significant 
difference in retention between the groups, was rejected in favor of its alternative. 

Table 1 
Delayed-post-test mean scores of the control and experimental groups 

Test Group N Mean Std. Deviation Std. Error Mean Df F Sig 

Delayed post-test Control 32 53.91 6.558 .595 63 0.523 0.001 
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Expt 32 60.39 6.369 .558 

The mean score obtained in Table 1.0 is 53.91 for the comparison group, which was lower than the mean 
score for the experimental group (60.39). Thus, the retention ability of the learners taught using the PhET 
simulation was significantly higher than those taught using the teacher-centered approach. The null 
hypothesis of no significant difference was therefore rejected in favor of the alternative. This result indicates 
good retention of states of matter concepts by the experimental group. The results presented in Table 1 show 
that the PhET simulation improved learners’ retention of the phase change of states of matter.  

The purposes of the interview were three-fold. Firstly, it was necessary to find out the retention of the 
learners after treatment with the two interventions, the PhET simulation and the traditional teacher-centered 
approach. Currently, there is a dearth of educational research in the use of simulations and learners’ retention 
of phase changes of matter in primary schools (Bain & Towns, 2016). Secondly, the researchers sought to find 
out whether the qualitative data would complement the quantitative data. Kumar (2018) suggested that the 
use of multiple sources of data is important as it helps to triangulate and ensure the credibility of the research 
data.  Thirdly, semi-structured interviews were conducted to gain insight into the depth and details of learners’ 
retention of the phase change of matter. After the transcription of the recorded data, the responses that 
learners gave were analyzed using nomothetic and ideographic methods, as suggested by (Küçüközer, 2004). 
The following key was used: Sound Retention (SR): The response included a correct answer and a scientifically 
accepted explanation. Partial Retention (PR): Response included at least a correct answer or a scientifically 
acceptable explanation correct but not both. Incorrect Retention (IR): A response that consisted of an incorrect 
answer and an illogical explanation. 

For learners in the PhET simulation group, their responses were mainly in the SR and PR. Incorrect retention 
(IRs) from the interview responses were 1 in the PhET group as compared to 5 in the control group. The IRs 
were like the ones reported from the first phase, which involved quantitative data analysis. In the experimental 
group, phase changes of water were explained well, and IRs were greatly reduced. Thus, it may be concluded, 
as was shown from quantitative data, that the use of the PhET simulation greatly improved the retention of 
phase changes of matter as compared to the control. 

 

3.1. Excerpts from interviews 

3.1.1. Interview Questions 1: Explain what causes the changes in the states of water. 

One learner from the control group explained that it is caused by adding energy to water. In the 
experimental group, two learners explained that it is caused by the addition and subtraction of water from 
the water molecules. The following excerpts are representative of the control and experimental groups on 
question 1.  

Learner D: The common phase change of water is brought about by boiling. If water is heated, it evaporates. 
Using an electric kettle can bring about a phase change of water from liquid to gas the temperature increases.  

Researcher: How about if we put water in the refrigerator? 

Learner D: The water will freeze and turn into an ice block. In the fridge, it's cold and the temperature is 
low. 

The learners’ response was based on Johnstone's macroscopic level, where phase changes were seen to be 
affected by temperature. Phase changes require learners to operate at both macroscopic and micro-level. The 
failure to link the unseen micro-level and qualitative sensory observations may lead to incorrect conceptual 
understanding. 

Leaner H: Phase changes are caused by energy changes that lead to the change of temperature of the water 
molecules. If energy is taken out of the water molecules, they come close together and form a solid. Freezing 
forming ice blocks. Taking in and out of the energy causes phase changes. 
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Researcher: How does the energy enter and out of water?   

Leaner H: I saw on the simulation that energy changes from outside the water are the ones responsible for 
the phase changes. If an ice block is left in the sun, energy will be taken from the sun and change the 
temperature, which leads to melting. 

The response demonstrates a conceptual understanding of both macroscopic and submicroscopic levels. 
Energy transfer into and out of the system is identified as the driving factor behind phase changes in water. 
Consequently, the application of the PhET simulation may have contributed to improved retention of concepts 
related to phase changes of matter. The third question addressed the phenomenon of water freezing.  

Learner D: In the fridge, the temperature is very low, and the water will turn into an ice block. In the fridge 
low temperatures makes the liquid to go back to the solid phase. 

Researcher: What happens to the arrangement of the particles as it changes phase?  

Learner D: The particles will come close together and form a solid. 

Learner F: Freezing occurs when the energy is taken out of the water molecules, and the particles come 
together to form a close structure. When energy is taken out, the temperature drops. 

In the two responses, the learner from the experimental group explains that it occurs when energy is taken 
out of the system, which is the water molecules. There is a distinction between temperature and energy being 
taken out. The findings show that simulations greatly improved retention through improved visualizations of 
the particles during phase change. 

Table 2 illustrates the frequency of response words associated with the stimulus words. To illustrate the 
relationship between the stimulus and associated words, a frequency map was created. From Table 2, most 
learners associated evaporation with an increase in temperature to change phase to gas. Only 17 learners 
mentioned the arrangement of particles in the gaseous phase. Freezing was mainly associated with coldness, 
cooling, and energy being taken out. On the other hand, melting was linked to an increase in temperature and 
hotness. The learners mentioned a decrease in temperature. The frequencies were used to map the cognitive 
structures after instruction with PhET simulation and traditional teacher-centered approaches. 

 

Table 2 
 Frequencies of stimulus words WAT 

Stimulus words 
Responses words 

Evaporation Freezing Melting Condensation 

Cooling  32  12 
Energy 
released/taken  

 14  17 

Energy 
absorbed/taken in 

16  21  

Increase in 
temperature 

38  33  

Decrease in 
temperature 

 17  28 

hotness 14hot  18  
Free particles 13    
Closely packed  7   
Cold  23   
Loosely packed   13 8 

From Table 2 the topographical maps of the cognitive structure are as follows in descending order: 
Evaporation (Increase in temperature, Energy absorbed, hotness, free particles), Freezing (Cooling, Cold, 
Decrease in temperature, energy released), Melting (Increase in temperature, Energy taken in, hotness, 
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loosely packed, Condensation (Decrease in temperature, Energy released, Cooling, loosely packed). The 
cognitive structures show that phase changes are linked to changes in temperature, and very little is known 
about energy changes that change the arrangement of the particles. 

4. DISCUSSION 

The first research question was to determine whether or not there would be a statistically significant 
difference in the retention (post-test and delayed post-test mean scores) of grade 6 learners taught with a 
SOM PhET simulation versus traditional instruction. The retention ability of the learners taught using the SOM 
PhET simulation was significantly higher than those taught using the traditional teacher-centered approach. 
This result indicates good retention of phase change concepts by the experimental group. The delayed post-
test performance of the experimental group increased compared to the post-test. The possibility, therefore, 
exists that the PhET simulation instruction was effective in promoting the learners’ retention, resulting in the 
knowledge being stored in their long-term memories as advocated by the Information processing theory. 
More specifically, D’Ottonea and Ochonogor (2017) believed that the retention of concepts in chemistry is 
directly linked to the method of instruction. The findings of this study show that the PhET simulation improved 
learners’ knowledge retention of the phase change of matter.  

Furthermore, though the simulation was used as a demonstration by the teachers in the experimental 
groups instead of the learners’ manipulation of the simulation, the delayed post-test mean score was high. 
The finding concurs with those reported by Ndihokubwayo et al., (2020) who suggested that computer 
simulations in science education have shown that using simulations interactively or as a demonstration can 
improve the effectiveness of instruction. Also, in general, having the learners manipulate the simulation 
themselves or as a demonstration yields the same overall outcomes (Ndihokubwayo et al., 2020). The findings 
seem to suggest that the PhET simulation has the potential to improve learners’ retention of targeted chemical 
phenomena, such as the phase change of matter. The finding also suggests that retention is one of the best 
predictors of academic success in science education (Schwedler & Kaldewey, 2020). The present study concurs 
with (Mohafa et al., 2022) who recommended that simulations be used to supplement the teaching and 
learning of science, to enhance performance and retention. 

The findings on the use of the PhET simulation were similar to those by Didiş (2015), which shows that 
learners enjoyed the simulation, and it improved the conceptual understanding and retention of quantum 
theory concepts. The traditional approach had the least retention, and it is concluded that the use of the PhET 
simulation leads to better retention of phase change of matter concepts. The findings of this study on the 
traditional approach are in agreement with several related research studies  

(D’Ottonea & Ochonogor, 2017; Shahani & Jenkinson, 2016; Taylor et al., 2017) that concluded teaching 
approaches have a direct effect on retention. According to the information processing theory, the use of the 
PhET simulation might have allowed new knowledge to be created when the prior knowledge interacted with 
information from the simulation in the long-term memory. The results are in agreement with Savasci-Acikalin 
(2019) who suggested that simulations have the potential to improve the visualization of abstract concepts. 
The findings seem to suggest that improved visualization tends to improve the retention of concepts. 

We can say that learners’ cognitive structures related to phase change of matter, in the case of this study, 
showed that most learners rely on temperature increases and decreases in temperature to explain phase 
change of matter. The topography of the cognitive structures shows that learners lacked scientific terminology 
and often used hotness and coldness. The current findings overlap with other studies in chemistry (Adams, 
2012; Calik & Ayas, 2005; Nakiboğlu, 2023) but this study provides a further, deeper view into learners’ 
retention of the phase change of matter. The findings have shown that learners’ cognitive structure networks 
often remain weak and non-interactive. This finding reveals that learners' cognitive structures may be altered 
when visualizations of abstract concepts are improved. 

5. CONCLUSION  
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In this study, we explored grade 6 Natural Sciences and Technology learners’ retention and cognitive 
structures after instruction. We found that learners’ retention was greatly influenced by the instructional 
approach. Thus, the retention ability of the learners taught using the SOM PhET simulation was significantly 
higher than those taught using the traditional teacher-centered approach. We also found that the cognitive 
structure after the WAT test was dominated by words such as hotness and coldness when the matter changed 
phase. The topography of the cognitive lacked proper scientific terminology that clearly distinguished heat 
and temperature. Furthermore, few learners linked phase change to energy changes and the particle model 

of matter. We also conclude that teachers should develop intimate knowledge of their learners’ cognitive 
structures as part of their pedagogical content knowledge before teaching the phase change of matter. By 
tailoring the teaching process, teachers will help learners acquire knowledge based on scientific evidence. 

 To design instruction that meets the needs of their learners, NSC/ Tech teachers can apply the WAT to 
determine their existing knowledge, misconceptions, and cognitive structures. Considering the findings 
discussed above, we can conclude that natural science curriculum developers, textbook writers, and teachers 
must continue to implement carefully designed teaching materials and activities to enhance learner retention 
and reliable cognitive structures. The findings of this study concur with the IPT that knowledge acquired by 
learners in natural sciences and technology classes is stored in their long-term memory in a hierarchically 
organized form and can be represented as a cognitive structure in their memory. The cognitive structure is a 
combination of the learners’ existing experiences and knowledge acquired during classroom activities that 
lead to their reconstruction. 
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