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ABSTRACT

Chemistry is often perceived as a frightening subject due to its conceptual nature, particularly in the sub-microscopic realm. Traditional instructional methods frequently struggle to bridge the gap between abstract theory and molecular reality. This study investigated the impact of the Concord Consortium Simulations on the academic performance and learning experiences of Grade 10 students focusing on chemical reactions at San Guillermo National High School.

A quasi-experimental research design was employed, involving 32 students purposively sampled and divided equally into an experimental group (utilizing simulations) and a control group (traditional instruction). Data collection involved a 30-item multiple-choice pre-test and post-test to measure cognitive gains, supplemented by narrative feedback from the experimental group to capture qualitative insights into the intervention’s efficacy.

Statistical analysis revealed no significant difference between the groups during the pre-test, establishing a baseline of comparable prior knowledge. However, the post-test results demonstrated a significant increase in the scores of the experimental group compared to the control group. These findings suggest that the integration of digital simulations significantly enhances students' conceptual understanding of chemical reactions. Furthermore, thematic analysis of student narratives identified three core benefits of the intervention: (a) Ease of Understanding, (b) Fun and Interactive Engagement, and (c) Enhanced Visualization of microscopic processes. The study concludes that the Concord Consortium Simulations serve as a potent pedagogical tool, transforming abstract chemical principles into tangible learning experiences. By fostering a more interactive environment, these simulations not only improve assessment outcomes but also address the inherent difficulties of sub-microscopic chemistry. These results advocate for the broader integration of computer-based simulations in the secondary science curriculum to improve overall scientific literacy.


INTRODUCTION

Chemistry studies the properties of matter and the transformations it undergoes. Its dense content and many difficult-to-understand abstract ideas make the topic challenging to study. One of the main causes of learning challenges and misunderstandings regarding chemistry is said to be students' inability to comprehend the emergent nature of chemicals, their characteristics, and interactions (Tümay ,2016). It requires the capacity to comprehend and connect to the different representation levels (macroscopic, sub-microscopic, and symbolic representations). 
Although the chemical phenomena may be seen with the naked eye, the answer is often observed at the sub-microscopic view of the particles (Petillion& McNeil, 2020). With limited resources within a classroom setting, such scale cannot be observed. Therefore, students cannot observe or experience the individual particles directly, which makes it challenging to visualize chemical reactions. 
Using media technology based on computers that can support abstract sub-microscopic level visualization is one way to reinforce students' conceptions. Applying science and technology to the learning process will improve student performance on learning outcomes (Irwansyah & Lubab ,2017). 
Most chemistry misconceptions among students arise from their inability to visualize representation at the sub-microscopic level, using interactive simulations can help in providing this visual for a deeper comprehension of the chemical movement in the submicroscopic level. Animation and simulation are crucial for illustrating the submicroscopic level   (Liu, Lin, Hsu, Hsu & Paas ,2021). Because these simulations are easily accessible and free to use online, they have been widely used in chemistry education. Interactive simulations possess the ability to provide dynamic access to several levels of representation, enabling the visualization of things that are often invisible to the naked eye. (Watson, Dubrovskiy & Peters, 2020).
Using PhET Interactive Simulations, another study was conducted at another secondary school in Indonesia to examine conceptual comprehension in chemistry. The simulations were given to the students as they studied chemical equilibrium. Following the class, the Chemical Equilibrium Diagnostic Instrument (CEDI) test was conducted over the course of three weeks, which included two weekly online meetings. After students completed the CEDI exam, they also conducted interviews to find out how the participants felt about using the simulations for their learning. After using these simulations, some misconceptions persisted, according to the research's findings and student interviews revealed that professors encouraged them to learn chemistry by exerting influence and imparting knowledge. (Rahmawati, Zulhipri, Hartanto, Falani, & Iriyadi , 2022).
Scientific simulations in the teaching learning process, ultimately in the curriculum can greatly benefit in aiding teaching chemistry and other sciences that need the visualization of unobservable concepts or subject areas wherein there may be a lack of materials. In light of this, further study in the use of simulations in teaching in other subject areas may be conducted to know its effectiveness and implications. Moreover, to further improve on this, training in using such technology may be implemented for its effective use in teaching. 
The major difference between the current review and the previous reviews in the field is the subject matter. The literature prior to this study focused on other topics but are all within the field of chemistry. Another difference is the simulation source used between the studies. While the studies that have been made commonly use PhET as their main source of simulations that were used to teach, this research uses another source called Concord Consortium (Dou, 2017).
Concord Consortium offers an online source for STEM learning resources that supported virtual learning experience that involved those that want to study Science and Engineering Practices like data collection and analysis, model-building, and evidence-based argumentation. It contains simulations that can be used to teach complex scientific phenomena. (Nasr ,2020)
There have been studies conducted with the use of simulations in education, especially in the sciences but the researchers aim to explore its uses in chemistry, particularly chemical reactions within the Philippine educational curriculum using a relatively new source of these simulations.
This study aimed to determine, through the results of the assessment among Grade 10 students, how the intervention of Concord Consortium simulation affects students' conceptual comprehension of chemical processes. 

Theoretical Framework of the Study
A type of instruction or training known as simulation-based education seeks to enhance or replace real-life experiences with guided interactions (Gaba, 2004).  Students must exhibit both topic mastery and innovative learning abilities focused on the 4Cs (creativity, critical thinking, communication, and cooperation) in 21st-century learning. The simulation helps the students achieve this content by allowing them to acquire knowledge through hands-on experiences. 
Technology is being used by educators to address the changing needs of today's students in the classroom. Virtual tools allow both instructor and learner to quickly attain and create knowledge data from any location in the world, in boundaryless learning environments.
 Constructivism is based on the ideas that people actively build on understanding and their experiences shape reality (Western Governor's University, 2020). It is an educational model that people form their own understanding and that learning experiences have an impact on reality. (Elliot at.,2000). Constructivism approach of teaching contradicts traditional education where the learning is teacher centered, student-centered teaching approaches and techniques, which include teachers transmitting knowledge to students passively, are based on constructivist learning theory. (McLeod,2019)
Figure 1 presents the conceptual framework of the study which has four (4) columns. This framework served as the roadmap of the study. 


Figure 1. 
Paradigm of the Study
[image: ]Figure 1 comprises four columns that represent the variables being studied. The first column includes the participant groupings (control and experimental). The second column includes the conducted assessment prior to the administration of intervention. For the third column, it includes the teaching procedures used for both groups; it indicates that for the control group, there would be no application of the Concord Consortium simulation, while for the experimental group, there would be an application of the Concord Consortium simulation. After this, the narrative responses of the students about their opinion of the intervention of the Concord Consortium and its effects on their learning experience were collected. And for the last column, the post-test was administered to measure the learnings of the students after the application of the intervention, the Concord Consortium Simulations. This served as the study's flow in achieving its objectives.
Statement of the Problem
[bookmark: _Hlk167967354]The main objective of this investigation is to determine the efficacy of Concord Consortium Simulation approach in the conceptual understanding on Chemical Reaction among Grade 10 STE students at San Guillermo National High School. This research specifically looked for responses to the following questions:
1. What are the scores for the pre-test of the experimental and control group before the intervention?
2. What are the scores for the post-test of the experimental and control group after the intervention?
3. Is there a significant difference in the pre-test scores between the experimental and control group?
4. Is there a significant difference in the post-test scores between the experimental and control group?
5. Is there a significant difference in the pre-test and post-test scores of the experimental group?
6. Is there a significant difference in the pre-test and post-test scores of the control group?
7.  How was the respondent’s experience in using Concord Consortium, and what are its perceived effects on learning?
Scope and Limitations
          This study dealt mainly with the struggles of grade 10 STE students at San Guillermo National High School, with the subject Chemical Reaction, it sought to know the effectiveness of integration of Concord Consortium, an online simulation that helps us to see a realistic image of a chemical reaction in a molecular level.
The researchers focused on the grade 10 STE students at San Guillermo National High School as the subject of the study. Total Population Sampling (TPS) was used in grouping the students based on the gadgets that they had. Additionally, past grade 10 students on the PRMSU-SM Laboratory High School were selected by the researchers to participate in choosing the subject and topic that they found difficult during their studies. The researchers then developed assessment protocols in which the collected data were examined and assessed. Even if the study's objectives were met, certain inevitable limitations exist, one was to find the former grade 10 students at PRMSU-SM Laboratory High School to gather the data needed to know their perspective about the subjects in grade 10, and another one was that a sizable portion of the respondents who took part in the preliminary testing might not be able to or might not want to take part in the final round of testing since some of the information required is crucial to the teachers and the school. 

Null Hypotheses
	To make the data more vivid, the following hypotheses were tested:
1. There is no significant difference in the scores of the pre-test between the two groups.
2. There is no significant difference in the scores of the post-test between the two groups.
3. There is no significant difference in the scores of both pre-test and post-test of the experimental group.
4. There is no significant difference in the scores of both pre-test and post-test of the control group.
METHODS

This chapter includes the methods applied which includes the research design, the sampling and respondents, the site description, the instrument used, procedure for data gathering, analysis of data and ethical considerations. 
Research Design
The research utilized the Quasi-experimental design, a pre- and post-test were also used. This is the best design the researchers can use because this study had contrasted the incorporation of the Concord Consortium in explaining chemical reaction to grade 10 STE  students in the San Guillermo National High School.

There were many similarities between the quasi-experiments and the randomized controlled trials. However, since quasi-experiment involves a quasi-sampling which may not involve random assignment of the subjects into the target groups, there are a number of challenges that may be required in designing and implementing the quasi-experiment if the internal validity is an issue (Maciejewski.  2020). 
Quasi-experiments are often employed where random assignment cannot be made: The experimental group is more diverse compared to the control group. One example of a situation where random assignment of participants is not done is the nonequivalent groups design. (Cook and Campbell, 2015). 
To facilitate the study, the researchers identified and selected Grade 10 STE students in San Guillermo National High School. The researchers then divided the students into two separate groups.  The first group was taught normally as it commonly is with the aid of pictures with the real process of a chemical reaction to enhance the group’s understanding of the concept, while the second group was taught chemical reaction using Concord Consortium. 
The study of Cook & Campbell (2015) provides some of the Quasi-experimental designs and study that can be conducted in many social research settings especially by using the method of splitting the participants and not randomly selecting them, and therefore by adopting the Quasi-experimental research design for this research, this study will be useful and can assist in providing the answer to the identified research problem.
Sampling and Respondents
       The respondents of this study were the Grade 10 STE students at San Guillermo National High School S.Y. 2024-2025, with a total of 32 students who had been chosen through purposive sampling technique.
       Purposeful sampling, according to Guarte & Barrios's (2006) study "Communications in Statistics-Simulation and Computation," is the random selection of sample units within the population segment that have the greatest information on the characteristic of interest. The researchers used Total Population Sampling to divide the students into 2 groups. a method where the population as a whole that fits the requirements—such as a certain skill set, experience, etc.—is involved in the research project. In situations when there are very few cases under investigation, total population sampling is frequently employed (Etikan, 2016). The students were grouped into two based on the gadgets they possessed, the experimental group contained students with laptops and a fast internet connection, while those in the control group possessed phones or tablets.
Purposive sampling enhances the rigor and reliability of the study’s data and conclusions by increasing the similarity between the sample and the study’s goals and objectives. (Campbell, 2020).






Table1. 
Frequency & Percentage Distribution of Respondents
	Group
	No. of Students
	Percentage

	Control 
	16
	50

	Experimental
	16
	50

	Total:
	32
	100


The respondents were thirty-two (32) students. They were divided into two (2) groups; namely the control group and the experimental group with each having sixteen (16) respondents. The respondents were the students of grade 10 STE at San Guillermo National High School.

Research Setting
This Research was administered at San Guillermo National High School located at 103 Laderas St, San Marcelino, Zambales. The respondents were students under the STE program of San Guillermo National High School.

Research Instrument
To get the appropriate needed data, the researcher conducted a pretest, a lecture period with separate groups, one with and the other without the assistance of simulations and finally a posttest. A quasi-experimental method was used. Two entire classes were employed to collect data for this investigation. In order to teach chemical reactions, one class was taught aided by simulations. The control group received traditional instruction. Individuals were not assigned at random in the quasi-experimental method (Creswell, 2013).

Table of Specifications
A one-way Table of Specification (TOS) was used to construct the thirty (30) item test. It determined whether the learning outcomes to be tested falls under Analysis or Factual Knowledge.
Lesson Proper and Application of Concord Consortium
The lesson proper was when the students were taught about chemical reactions. They were separated into two groups, one was taught with the assistance of simulation (experimental) while the other was taught without the assistance of simulations (control). The experimental group had the intervention of Concord Consortium, a virtual learning site that facilitates science and engineering practices such as data gathering and analysis, model construction, and evidence-based reasoning. It includes educational simulations for difficult scientific topics.
Pretest and Posttest. The instrument used by the researchers was the Pre-test/Post-test which contained thirty (30) items mainly in the cognitive domain.
The prepared pre-test/post-lest was not subjected to content validation for it was a quiz from Grade 10 Science teacher of President Ramon Magsaysay State University Laboratory High School -San Marcelino Campus. Thus, validity of the test and its alignment to the curriculum is ensured. 
Short Essay Answer Questionnaire. The students answered a feedback response sheet to solicit their opinions about the intervention of Concord Consortium and its effects on their learning experience.
Item Analysis. The result of the students' post-test was subjected to item analysis to ensure the reliability of the research instrument.

Data Gathering Procedure
Figure 3 shows the flowchart of data gathering procedure which has eight (8) phases. This flowchart had guided the study from the validation of the research instrument used up to the writing of the data analysis.










Figure 3. 
[image: A diagram of a process

Description automatically generated]Flowchart of the Data Gathering Procedure

1. Approval of the Division Office. Phase 1.  Researchers sought permission from the DepEd Division Office of Zambales to conduct an experiment on 32 Grade 10 students enrolled in the STE (Science, Technology, Engineering) curriculum at the San Guillermo National High School.
1. Seeking Permission of Principal and Classroom Adviser. The researchers sought permission from the principal of San Guillermo National High School and the adviser of the class to conduct the experiment on Grade 10 STE students.
1. Validation of Research Instrument. The researchers validated the research instruments with the help of the Science teachers and professors of PRMSU San Marcelino Campus. This is to ensure that the instrument is effective in measuring the students knowledge about chemical reactions.
1. Pre-test. The researchers administered the pre-test prior to the application of intervention when the participants had not yet used the intervention of simulation of Concord Consortium.
1. Application of Intervention. The researchers then taught both groups about the topic chemical reactions. The researcher taught the control group only through traditional means. Meanwhile, the experimental group used the intervention which means that during their lesson, the researcher used Concord Consortium to aid in their learning.
1.  Post-test. The researchers administered the post-test on the same day right after the application of intervention and after the students submit the handout.
1. Narrative Response. The students answered a feedback response sheet to collect their opinions about the intervention of the Concord Consortium and its effects on their learning experience.
1. Collate Data. The researchers organized and coded the collected data for analysis. 

Data Analysis
After administering the tests, the data were organized, summarized, analyzed and interpreted using the following statistical tool. 
Frequency and Percent Distribution. This is the measure that was used to calculate the percentage of respondents falling in the appropriate group based on the different assessments that were administered.
Mean. This was used to compare the pre-test and post-test after students used the intervention of the simulations of Concord Consortium for Studying.
Pearson Correlation. It was used to measure the relationship between two variables, where a high score means there is a high correlation and a score near zero means there is no correlation.
Percentage Rating and Descriptors. The descriptions were based on a Criterion-referenced method, assuming the students had minimal prior knowledge of the subject matter, we set the Percentage rating of 75 and below to be Did not Meet Expectations, 76-81 as Fairly Satisfactory description, 82-89 as Satisfactory, 90-95 as Very Satisfactory, and 96-100 as Outstanding as shown in Table 2 (Davies, & Short 2024). The following formula was used to calculate the percentage rating based on the DepEd Order no. 8 Series of 2015:


Table 2. 
Descriptors and Percentage Rating

	DESCRIPTOR
	PERCENTAGE RATING

	Did Not Meet Expectation
	75 and below

	Fairly Satisfactory
	76 – 81

	Satisfactory
	82 – 89

	Very Satisfactory
	90 – 95

	Outstanding
	96 - 100



Standard Deviation. It was used to measure how similar (homogeneous) or different (heterogeneous) the class is from the mean.


T-test. For verification of statistically significant differences of the different assessments to conclude if there was learning improvement of students’ understanding due to the use of the intervention of simulations of Concord Consortium for Studying.
Thematic Analysis. This method of analysis was applied to the responses of the open-ended questions.
Variance. It was used to determine the degree of spreading of the scores of the students in the pretest and post test.




Ethical Considerations
	A number of ethical considerations were taken into account to ensure that the research was done in a proper manner. To guarantee that the respondents would give their complete agreement before the study began, the researchers issued them an official letter. The information provided by the respondents will not be fully published in this research; instead, just the test scores and results will be used to calculate the essential study measures. This is to safeguard the right to anonymity. As not every student enrolled in Grade 10 students at San Guillermo National High School is included in this study, respondents were not required to take part. The responders experienced no harm of any kind.	Additionally, researchers gave responders' dignity first priority. After instruction and testing, researchers safeguarded and maintained the confidentiality of the data they had collected. As per the Republic Act no. 10173, personal information obtained from respondents for other purposes may be utilized for historical, statistical, or scientific purposes. In certain legal instances, the information may be retained for extended periods of time. As long as the regulations allowing their processing also to ensure those sufficient safeguards.

RESULTS & DISCUSSION

This Chapter presents the findings of the research as well as the interpretation of the data gathered. 
The pre-test results for the 32 Grade 10 STE students indicated their level of knowledge before undergoing the Concord Consortium's intervention. The pre-test contains thirty (30) questions about chemical reactions. The frequency and percentage distribution of the scores were used to describe them. The descriptions were based on the expected knowledge of the students using positional measures to describe where the values fall in relation to one another (Kaur, Stoltzfus, & Yellapu, 2018). 









.


Table 3. 
Frequency and Percentage Distribution of Pretest
 Scores of Control Group

	Percent Rating
	Scores
	Frequency
	Percentage
	Description

	75 and below 
	1 – 15
	11
	68. 75
	Did Not Meet Expectation

	 76 - 81
	16 – 19
	3
	18.75
	Fairly Satisfactory

	83 – 89 
	20 – 23
	2
	12.5
	Satisfactory

	TOTAL:
	16
	100%
	Did Not Meet Expectation

	MEAN:
	13.06
	




Table 3 displays the frequency and percentage distribution of the pre-test results attained by the control group students. Out of the total respondents, 12.5% or two (2) students who showed a satisfactory degree of knowledge. A fairly satisfactory degree of understanding was indicated by three (3) students, or 18.75% of the total respondents. Of the total respondents, eleven (11) students, or 68.75% of the total respondents, could not comprehend chemical reactions to the expected level. Based on the results, the overall mean score is 13.0625.. These values are measures to show the frequency, ratios and the distribution of the scores and students.(Kaur, Stoltzfus, & Yellapu, 2018).  These show how most students had not reached the anticipated level of understanding of chemical reactions before the intervention was conducted




Table 4. 
Frequency and Percentage Distribution of Pre-test Scores of Experimental Group

	Percent Rating
	Scores
	Frequency
	Percentage
	Description

	75 and below 
	1 – 15
	10
	62.5
	Did Not Meet Expectation

	76 – 82  
	16 – 19
	4
	25
	Fairly Satisfactory

	83 – 89 
	20 – 23
	2
	12.5
	Satisfactory

	TOTAL:
	16
	100%
	Did Not Meet Expectation

	MEAN:
	13.31
	

	
	
	



Table 4 shows the frequency and percentage distribution of the pre-test results attained by the experimental group students. Out of the total respondents, 12.5% or two (2) students who showed a satisfactory level of knowledge. Of the students, four (4) showed a reasonably satisfactory level of understanding, accounting for 25%. Ten (10) students, or 62.5 percent of the total respondents, did not comprehend at the expected level. Based on the results, the overall mean score is 13.312. These values are measures to show the frequency, ratios and the distribution of the scores and students.(Kaur, Stoltzfus, & Yellapu, 2018). These demonstrate how most students had not reached the anticipated level of chemical reaction knowledge before the intervention was conducted.













Table 5. 
Frequency and Percentage Distribution of Post-test Scores of Control Group

	Percent Rating
	Scores
	Frequency
	Percentage
	Description

	75 and below 
	1 - 15
	1
	6.25
	Did Not Meet Expectation

	76 – 81 
	16 – 19
	8
	50
	Fairly Satisfactory

	82 – 89 
	20 – 23
	5
	31.25
	Satisfactory

	90 – 95 
	24 – 27
	1
	6.25
	Very Satisfactory

	96 - 100
	28 - 30
	1
	6.25
	Outstanding

	TOTAL
	16
	100
	Fairly Satisfactory


Table 5 reveals the frequency and percentage distribution of the post-test results attained by the control group students. Eight (8) or 50% had a fairly satisfactory level, five (5) or 31.25% had a satisfactory level, and one (1) or 6.25% had a very satisfactory level. One (1) student, or 6.25%, did not meet the predicted level. One (1) student, or 12.5% of the group, was outstanding. Based on the results, the overall mean score is 19.6875. The results show that the scores were influenced by the content and presentation of the topic and instruction than the students prior knowledge resulting in higher scores compared to their pretest (Delucchi, 2014). This explains that after the lesson, most students achieved a fairly satisfactory level and above of understanding of chemical reactions while some did not meet expectations






Table 6. 
Frequency and Percentage Distribution of Post-test Scores of Experimental Group

	Percent Rating
	Scores
	Frequency
	Percentage
	Description

	75 and below 
	16 – 19
	4
	25
	Fairly Satisfactory

	76 – 89  
	20 – 23
	8
	5
	Satisfactory

	90 – 95 
	23 – 27
	4
	25
	Very Satisfactory

	TOTAL
	16
	100
	Satisfactory

	MEAN
	21.06
	



Table 6 shows the frequency and percentage distribution of the post-test results attained by the experimental group students. There were four (4) or 25% who belonged to fairly satisfactory level, eight (8) or 50% who were at satisfactory level, and four (4) or 25% who attained very satisfactory level. No student fell to has not met the expected level. The results show a mean score of 21.0625 overall. These results demonstrate the positive impact of technology to education in general, making improvements to and making learning more personalized (Escueta, Quan, Nickow, & Oreopoulos, 2017).  These reveal that following the intervention, a sizable majority of students have attained a degree of comprehension of chemical reactions that is satisfactory or higher.


Significant Difference on the T-test of the Pre-test and Post-test
Table 7. 
Significant Difference on the T-Test of the Pre-test Between Control Group and Experimental Group

	 
	Pre – Test Control
	Pre – Test Experimental

	Mean
	13.0625
	13.3125

	Variance
	22.99583
	19.29583

	Observations
	16
	16

	Pearson Correlation
	0.837695
	

	Hypothesized Mean Difference
	0
	

	df
	15
	

	t Stat
	-0.37796
	

	P(T<=t) one-tail
	0.355376
	

	t Critical one-tail
	1.75305
	

	P(T<=t) two-tail
	0.710752
	

	t Critical two-tail
	2.13145
	 


The pre-test mean assessment score of the experimental group (13.31) is marginally above that of the control group (13.06). -0.38 is the computed t-statistic value. A small t-statistic suggests that there is no much of a difference between the means of both groups. The findings show that both groups do not differ statistically significantly. A P value may indicate that the association between the two effects is statistically significant when there is little variation in the magnitude of the two effects. (Thiese, Ronna, & Ott, 2016). The large p-values and the low mean difference imply that any change between the two groups could be the result of random variation. These results are expected due to the limited prior knowledge of the students before the lesson.


Table 8. 
Significant Difference on the T-Test of the Post-test in Between Control Group and Experimental Group

	 
	Post – Test Control
	Post – Test Experimental

	Mean
	19.6875
	21.0625

	Variance
	13.69583
	8.729167

	Observations
	16
	16

	Pearson Correlation
	0.959161
	

	Hypothesized Mean Difference
	0
	

	df
	15
	

	t Stat
	-4.5675
	

	P(T<=t) one-tail
	0.000185
	

	t Critical one-tail
	1.75305
	

	P(T<=t) two-tail
	0.00037
	

	t Critical two-tail
	2.13145
	 



The experimental group's post-test mean assessment score (21.06) is greater than the control group's mean assessment score (19.68). -4.57 is the computed t-statistic value. Both show that the means of the two groups differ from one another. Additionally, the t-statistic's negative value implies that one is less than the other. The results are statistically significant and not the result of chance, according to the low p-value (Thiese, Ronna, & Ott, 2016). As a result, there is a considerable difference between the two groups’ results in their post-test, with the control group's being lower than the experimental group's. This disproves the null hypothesis of having no significant difference in the results of the posttest between the two groups.



Table 9. 
Significant Difference on the T-Test in Between Pre – test and Post – test of Control Group

	 
	Pre - Test
	Post – Test

	Mean
	13.0625
	19.6875

	Variance
	22.99583
	13.69583

	Observations
	16
	16

	Pearson Correlation
	0.974122
	

	Hypothesized Mean Difference
	0
	

	df
	15
	

	t Stat
	-18.2146
	

	P(T<=t) one-tail
	6.09E-12
	

	t Critical one-tail
	1.75305
	

	P(T<=t) two-tail
	1.22E-11
	

	t Critical two-tail
	2.13145
	 



The pre-test mean assessment score (13.06) is below the control group's post-test (19.69). According to the t-statistic (-18.21), a negative difference in their means can be observed, indicating that the former is lower than the latter. Overall, the results point to an improvement, with the post-test scores being above the pre-test results. The hypothesis that those who did well on the pre-test will do well on the post-test following class is supported by the high correlation value, which indicates a strong correlation between the findings. (Schober, Boer, & Schwarte, 2018).











Table 10. 
Significant Difference on the T-Test in Between Pre – test and Post – test of Experimental Group

	 
	Pre - Test
	Post – Test

	Mean
	13.3125
	21.0625

	Variance
	19.29583
	8.729167

	Observations
	16
	16

	Pearson Correlation
	0.825416
	

	Hypothesized Mean Difference
	0
	

	df
	15
	

	t Stat
	-12.0667
	

	P(T<=t) one-tail
	2E-09
	

	t Critical one-tail
	1.75305
	

	P(T<=t) two-tail
	4.01E-09
	

	t Critical two-tail
	2.13145
	 



The experimental group's post-test (21.06) has a mean assessment score above the pre-test (13.31). Their means differ by a negative t-statistic   (-12.07), indicating that the former is lower than the latter. Overall, the results point to an improvement, with the post-test scores above the pre-test results. The hypothesis that individuals who did well on the pre-test will do better on the post-test following the Concord Consortium Simulation intervention is supported by the high correlation value, which indicates a strong correlation. (Schober, Boer, & Schwarte, 2018).



Thematic Responses of the Participants after the Intervention 
The table shows the responses of the group which used the simulation to the open-ended question.

Table 11. 
Themes of Student Responses to the Open-Ended Question

	Theme
	Sample Statements
	Description

	Easy to Understand
	“My experience is not bad at all, the illustrations using concord consortium makes it easy to understand if I will listen attentively.” 
-E4
“In my experience in using Concord Consortium, it helps me a lot for knowing the properties of chemical reactions.”
-E5
	Students easily understand different concepts, the nature, and process of chemical reactions.

	Fun and Interactive
	“Yes, it did affect my learning comprehension. It helped me understand the topic better by providing activities and fun interactions. Additionally, it provided detailed definitions and explanations” -E1
“It certainly had an impact on my understanding. Its engaging exercises and enjoyable interactions improved my understanding of the subject.”
-E10
	This theme shows that the students had fun in learning with Concord Consortium Simulation.

	Helpful in Visual Representation
	“It was a very great experience because I learned a lot and it's very engaging as a student because of the use of visual aids. ” 
-E3
“It was a very helpful website that helps students learn more using a visual presentation of a study.”
-E6
	This theme shows how the use of Concord Consortium help visualize chemical reactions.



Theme 1. Easy to Understand. Tümay, H. (2016) mentioned that difficulty in learning and misunderstandings in chemistry were observed among secondary students. By using simulations like Concord Consortium, we can lessen the difficulty in learning chemistry, specifically chemical reactions. According to R1, “The illustrations using concord consortium makes it easy to understand if I will listen attentively.” Using computer-based simulation improves knowledge across all learning groups (Asedillas, J. I. ,2019).
Theme 2. Fun and Interactive. Simulation has a good influence on the attitudes and views of pupils toward education (Salame, I.I., & Makki, J., 2021). According to R2, “It helped me understand the topic better by providing activities and fun interactions.”. Making learning a better experience for the learner can help in the retention of more knowledge. It encourages the students to participate more in the discussion by giving them something they want to do, likely something fun and enjoyable.
Theme 3. Helpful in Visual Representation. Learning chemistry requires the capacity to comprehend and connect to the different levels of representation. Although the chemical phenomenon can be observed without aid of tools, the sub-microscopic level is frequently where the explanation lies (Petillion& McNeil, 2020). According to R8 and R9, “It's very engaging as a student because of the use of visual aids.” and “It helps students learn more using a visual presentation of a study.” By providing visuals that help in understanding the different representations that learning chemistry requires for deeper understanding, Concord Consortium can help students to learn chemical reactions easier.



SUMMARY OF FINDINGS, & RECOMMENDATIONS

	This chapter highlights the summary of findings, conclusions and recommendations of students' experiences in using Concord Consortium learning in Science, specifically, chemical reactions in Chemistry.

Summary of Findings

The summary of findings that the researchers have analyzed are as follows:
1. Prior to the intervention, the pre-test results of the students in the experimental (13.31) and control groups (13.06) were both low and nearly identical, indicating a lack of understanding of chemical reactions.
2. Following the implementation of the intervention, the students in both groups had high post-test scores, with the experimental group scoring above the control group. Both exhibited a good level of comprehension of chemical interactions.
3. The pretest results for both groups did not significantly differ from one another.
4. The posttest results of the two groups differed significantly from one another. 
5. The experimental group's pre- and post-test results revealed a substantial difference, indicating progress in their comprehension of chemical interactions.
6. The control group's pretest and posttest results differed significantly, indicating that their comprehension of chemical reactions has improved.
7. Concord Consortium simulation improved the engagement, made learning fun and interactive, made concepts easy to understand, and provided aide through visual elements in learning Chemical Reaction.



Conclusion 

	The  noteworthy conclusions are drawn from the study's findings are the following: 
1. The pre-test average of the experimental group was 13.0625, whereas the control group's was 13.3125. Before the intervention, neither group showed much understanding of chemical interactions. 
2. The post-test mean score of the experimental group was 21.0625, and 19.6875 for the control group. While students in the control group only attained a fairly satisfactory of knowledge, those in the experimental group demonstrated a satisfactory level of understanding.
3. The experimental group's pre-test mean assessment score (13.0625) is above the control group's mean assessment score (13.3125). -0.37796 is the computed t-statistic value. The pretest scores the two groups did not significantly differ according to the data. 
4. The experimental group's post-test mean assessment score (21.0625) is above the control group's mean assessment score (19.6825). -4.5675 is the computed t-statistic value. The findings showed that there was no discernible discrepancy between both groups’ posttest scores. 
5. The pre-test mean assessment score (13.0625) is below the control group's post-test mean score (19.6875). -18.21 is the computed t-statistic. The results showed a substantial discrepancy between the scores of their pre- and post-test. 
6. The experimental group's post-test (21.0625) has a mean assessment score significantly higher than the pre-test (13.3125). The computed t-statistic is -12.0667. The experimental group's pretest and posttest scores differed significantly, according to the data. 
7. Concord Consortium simulation had a favorable effect on the students' learning and engagement. It made the concepts easy to understand, fun and interactive, and provided aid through visual elements in learning Chemical Reactions.

Recommendations 

	In relation to this study, the application of simulation in teaching has helped the learners in understanding the concept of chemical reaction. As the study went on, a few topics emerged as potential subjects for additional study. The following are the suggestions: 
1. Both groups pre-test scores were low, the researchers may suggest to pilot test the pre-test with a Smaller Group before because If the pre-test is largely different from the previous ones, it will be quite helpful to conduct a pre-test with a few students before administering it to the whole class. This makes it possible for the future researcher to modify the assessment based on the performance of the pilot group. 
2. Future researchers may perform a statistical analysis to validate the observed difference, as the experimental group most likely scored above the control group in the post-test.
3. Based on the finding of the lack of significant difference in pretest scores of the two groups, future researchers may maintain group equivalence, this will enhance the internal validity of the study because they are similar based on their demographics at the start of the study. You may therefore go ahead and compare the assessment scores after the intervention to assess the impact of the experimental intervention. 
4. Based on the finding of a significant difference in scores of the post-test between the two groups, future researchers may try to conduct the study with other populations or in other contexts to check if the intervention has the same positive impact. 
5. Based on the finding of improvement in the experimental group's pre-test and post-test scores, future researchers may repeat the same study with a new set of students to determine if the good results can be obtained in the future but with different subject such as biology, physics, etc. 
6. Based on the finding of improvement in the control group's pre-test and post-test scores, future researchers may consider whether the pre-test might have had an effect to the results of the post-test. Sometimes when learners take a pre-test he or she may do slightly better than he or she actually would have done because he or she is familiar with the format of the test as well as some of the content.
7. Based on the findings of a positive experience and effect on learning, application of simulations in chemistry teaching and in teaching other science subjects along with training to efficiently utilize such to further improve facilitation of the classroom in a traditional or online manner would be greatly recommended.
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