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Abstract: Conceptual understanding involves students' abilities in the aspects of translation, 

interpretation, and extrapolation. A way to increase conceptual understanding is to use excel-

based modeling (EBM). However, the use of excel-based modeling (EBM) has not been applied 

in physics learning at the junior high school level. This study aims to test the effectiveness of 

project-based learning assisted by excel-based modeling to increase students' conceptual 

understanding of wave material. The sample of this study were students of class VIII-1 junior 

high school who were selected using the purposive sampling technique. This study used a one-

group pretest-posttest design. Research data determine the effectiveness of using excel-based 

modeling using a pretest and posttest in the form of 7 identical essay questions. The data 

obtained were analyzed using a paired-sample T-test. After the treatment, data on the increase in 

the value of each indicator of concept understanding were obtained, namely 91.18 (translation), 

86.65 (interpretation), and 83.09 (extrapolation). In the end, excel-based modeling is quite 

effective in improving students' understanding of concepts. 
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INTRODUCTION 

Science learning should send students to the mastery of science concepts and 

their application in real life (Istiadah et al., 2016). The learning process is an important 

process that must not be passed. Observation of the processes that occur in nature is an 

important part of learning science (Merritt et al., 2018). Science learning is the 

acquisition of knowledge as well as the process itself (Nugraha, 2018). It must involve 

observation, data collection, questioning, scientific explanation and communication 

(Merritt et al., 2018). Important aspects of science learning include instructional 

learning that supports data-based reasoning and arguments (Piaw & Don, 2014), data 

analysis and its application in real life (Farrokhnia et al., 2019). This learning aspect 

helps students understand the concept of science so that in the end students are able to 

achieve learning goals (Barak & Yuan, 2021) and there is a process of transfer of 

knowledge (Farrokhnia et al., 2019). 

21st century learning emphasizes the importance of providing opportunities for 

students to think and act like a scientist in a project-based learning model (PBL) 

(Ricaurte & Viloria, 2020). PBL is one of the learning models used during the online 

learning process because it is able to create meaningful learning for students (Barak & 

Yuan, 2021; Tinenti, 2018). It improves students' thinking skills and cooperation in 

solving problems (Guo et al., 2020; Masrifah et al., 2020). Students' problem-solving 

abilities provide knowledge of the consequences of what students know (predict) 

(Bakhtiari et al., 2020). This ability will ultimately improve students' conceptual 

understanding (Kollmer et al., 2021). 

Conceptual understanding involves meaningful and in-depth learning 

(Farrokhnia et al., 2019). Meaningful learning can be explained as understanding 

content and processes by structuring students’ new ideas (Rattan, 2018) which is 

elaborated with the previous knowledge obtained by students (Farrokhnia et al., 2019). 

The process of storing knowledge facts (Shapiro et al., 2017) and critical thinking 

(Andayani et al., 2018) is a sign of students experiencing meaningful learning. 

Meaningful learning helps students connect the knowledge gained into life experiences 

(deep learning) (Farrokhnia et al., 2019; Mills, 2016). Conceptual understanding 

includes 3 indicators, namely the ability to change general knowledge content with own 

thoughts (translation) (Farrokhnia et al., 2019; Shapiro et al., 2017), the ability to 

understand ideas obtained from the learning process and try to connect new ideas with 

previous knowledge through basing on evidence and principles found in the learning 

process (extrapolation) (Farrokhnia et al., 2019) and the ability to interpret the acquired 

knowledge into the real world (interpretation) (Dahlstrom-Hakki et al., 2020; 

Farrokhnia et al., 2019; Gruver, 2018; Mills, 2016). 

The use of a project-based learning model must be supported by the other 

learning methods, one of which is the use of an excel-based modeling (Bermúdez et al., 

2020; Grigore & Barna, 2015; Uddin et al., 2017). The use of Microsoft Excel (Uddin et 

al., 2017) in learning physics has not been optimal in improving students' conceptual 

understanding. The use of excel as a technological tool is often tested in physics 

learning, especially in the concept of waves (Uddin et al., 2017) and motion (Grigore & 

Barna, 2015). However, it needs to be underlined is the importance of using 2 different 

classes in this trial, class A as the experimental class and the other class as the 



Maksimilianus, et.al. / vol 9 (1), 2021, 47-58 49 
 

Jurnal Pembelajaran Fisika (JPF) – Pendidikan Fisika, FKIP, Universitas Lampung 

 

traditional class (Uddin et al., 2017). In addition, it is important to measure students' 

interest in physics by using excel-based modelling (Bermúdez et al., 2020) by 

optimizing the pretest and posttest (Malone et al., 2018). However, the use of excel-

based modelling is still limited in learning physics, especially for junior high school 

students. 

The use of excel-based modeling in project-based learning has been widely 

researched (Bermúdez et al., 2020; Grigore & Barna, 2015; Uddin et al., 2017). Use of 

excel-based modeling (Uddin et al., 2017) Excel learning has not been optimal in 

improving students’ conceptual understanding of waves (Uddin et al., 2017) and motion 

(Grigore & Barna, 2015). The important thing in excel-based modeling is the use of 2 

different classes, class A as an experimental class and another class as a traditional class 

(Uddin et al., 2017). In the learning process, students' interests and emotions (Liaw et 

al., 2020) towards excel-based modeling is very important to measure (Uddin et al., 

2017) by optimizing the pretest and posttest (Malone et al., 2018). 

Excel-based modeling that is developed by students not only provides expertise 

but also experience (Frownfelter- Lohrke, 2017). Excel-based modeling is a model 

developed based on Microsoft Excel (Sahni & Pikal, 2017). Excel software provides 

worksheets that contain data (in the form of numbers) that can be manipulated (Brown 

et al., 2014) and calculated (Beare, 2013). Transverse wave images can also be created 

using Excel. Students are able to see and analyze the relationship between wave 

frequency, time, amplitude, and phase difference using excel-based modeling developed 

by students. This is able to minimize student misconceptions (Kabil, 2015) because 

excel-based modeling helps students to understand the concept of waves. 

Based on previous researchs (Bermúdez et al., 2020; Grigore & Barna, 2015; 

Lehmann et al., 2019), it is necessary to conduct research on how the role of using 

excel-based modeling in understanding student concepts. Therefore, the purpose of this 

study is to test the effectiveness of using excel-based modeling on students' 

understanding of concepts. 

METHOD 

This research was conducted in one of the junior high schools in Ende regency 

in the even semester of 2021. This study aims to test the effectiveness of excel-based 

modeling to improve students' understanding of concepts. This research is an 

experimental study with sample selection using purposive sampling technique. 

Research Design & Procedures 

This study used a one group pretest-posttest design. The pretest was given at the 

beginning of the action before the research treatment was held. After that, the researcher 

carried out experimental research by applying project-based learning assisted by excel-

based modeling. At the end of the lesson, the researcher carried out a posttest to 

determine the effectiveness of excel-based modeling in learning. Learning is carried out 

online using google meet and WhatsApp. 
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Population and Sample 

The population of this study were 8 grade students of one of the junior high 

schools in Ende regency, totaling 7 classes. Of the 7 classes, the researcher chose 1 class 

as the research sample, namely class of VIII-1. The research sample was selected using 

purposive sampling technique. The sample was chosen because class of VIII-1 was a 

class that mastered the excel application and its application in mathematical 

calculations. 

Data Collection and Instrument 

The research instrument used was the pretest and posttest questions in the form 

of 7 identical questions. These questions had been validated by an expert before used in 

research. These questions are used to measure students' conceptual understanding which 

include translation, interpretation, and extrapolation with a Cronbach Alpha value is 

0,898. The realm of conceptual understanding for each question can be seen in Table 1. 

Table 1. Realm of Conceptual Understanding 

Realm of Conceptual Understanding Question Number 

Translation 1, 7 

Interpretation 3, 4, 5 

Extrapolation 2, 6 

 

Data Analysis 

The effectiveness of excel-based modeling is measured using normalized gain 

(N-gain). The N-gain value is calculated using a formula: 

 

  

Samples are normally distributed before determining the effectiveness of using excel-

based modeling in learning with paired-sample T test analysis. If sig. (2-tailed) < 0,05, 

there are differences between pretest and posttest score. If sig. (2-tailed) > 0,05, there 

are no differences between pretest and posttest score. 

RESULT AND DISCUSSION 

Before treatment, students complete the pretest. The average value of students' 

conceptual understanding can be seen in Figure 1. This value represents the average 

value of students' conceptual understanding before the treatment (pretest) and after 

treatment of learning using excel-based modeling (posttest). Figure 1 shows an increase 

in students' conceptual understanding before treatment and after treatment. 
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Figure 1. The Average Value of Students’ Conceptual Understanding 

The average value of the conceptual understanding indicator can be seen in 

Figure 2. Based on Figure 2, it is known that the highest average value of the conceptual 

understanding indicator is the translation, which is 91.18. The lowest average value of 

the conceptual understanding indicator is the extrapolation of 83.09. This shows that the 

use of excel-based modeling can improve students' ability to understand the concepts 

(Malone et al., 2018) of vibrations and waves which are expressed in other ways than 

what students have already known (Uddin et al., 2017). 

 

Figure 2. The Average Value of the Conceptual Understanding Indicator 

The research data that had been normally distributed were then analyzed using 

the T test. The T test result data can be seen in Table 2 below. 

Table 2. Paired-Sample T Test 

Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 Nilai Pre-
test - 
Nilai 

Post-test 

-22,412 2,776 0,476 -23,380 -21,443 -47,082 33 0,000 
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Table 2 shows that the sig. (2-tailed) < 0.05 with a significance of 5%. This 

means that there are differences in students' pretest and posttest scores, so it can be 

concluded that there is an effect of learning using excel-based modeling on students' 

conceptual understanding. However, the average N-gain score shows 0.65 (medium 

category). This shows that learning using excel-based modeling is quite effective in 

increasing students' conceptual understanding.  

Excel-based modeling is a representation model that is able to improve 

conceptual understanding through images and simulations (Uddin et al., 2017). Excel-

based modeling is able to develop process and problem-solving abilities (Sahni & Pikal, 

2017). Process and problem-solving skills are acquired by students through project-

based learning. Project-based learning with excel-based modeling is able to develop 

students' representational abilities. Students make a wave representation model using 

Ms. Excel. The representation model developed by the students contains the amount of 

time, position, frequency, amplitude, and phase difference of the wave. These quantities 

are then linked to the mathematical equation of the wave, namely 

 By making this representation model, students are able to 

explain the effect of frequency and amplitude on the resulting waves. This can be seen 

in Figure 3. 

 

Figure 3. Excel-based Modelling 

Project-based learning assited by excel-based modeling is quite effective in 

increasing students' conceptual understanding. Students work in groups in the process of 

learning. Each group worked on a project task in the form of making an excel-based 

modeling representation. Work on the excel-based modeling representation model is 

done together in groups and students also get help from ICT teachers in developing and 

writing excel formulas. The results of the excel-based modeling representation model 

are then written on the student activity sheets and communicated in the class. 
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 The three indicators of conceptual understanding can be found in the results of 

student worksheet reports and students' posttest answers. One student wrote that the 

effect of amplitude on waves lies in the wave height (peak). On the other hand, 

frequency affects the number of waves produced. The above statement was put forward 

by students from the results of the excel-based learning representation model created by 

students. This indicates that there are 2 indicators of understanding the concepts used by 

students, namely translation and extrapolation. This can be seen in Figure 4. 

 

Figure 4. Student’s Answer 

Before the treatment, students have already known that frequency affects the 

high and low sound and the effect of amplitude on the strength of the sound but do not 

know the effect of frequency and amplitude on the number of waves and waveforms. 

Figure 4 shows students' ability to express the concept of the influence of frequency and 

amplitude of waves using their own language (translation). The aspect of translation in 

Figure 2 above appears when students already have basic knowledge (Bartell et al., 

2013; Shapiro et al., 2017) and students develop previously acquired knowledge using 

language that is simpler and easier for them to understand. The language used by 

students is a description of their conceptual understanding and their way of thinking 

(Bartell et al., 2013). The description and way of thinking are obtained from the excel-

based learning representation model created by students. The representational model of 

excel-based learning is used as a tool in understanding knowledge about waves. The 

knowledge that students get from the excel-based modeling model created is the result 

of students' findings (in the form of evidence and principles) in the learning process 

(extrapolation). This knowledge is then developed as a conceptual understanding of the 

wave material. 

The interpretation aspect is found in the students' posttest answers as seen in 

Figure 5 (answer number 5). The questions given are about the application of waves in 

everyday life. Students predict the types of waves that occur due to a drum membrane 



54 Maksimilianus, et.al. / vol 9 (1), 2021, 47-58  

 

Jurnal Pembelajaran Fisika (JPF) – Pendidikan Fisika, FKIP, Universitas Lampung 

 

being hit. This question is an application of the interpretation aspect. Interpretation is an 

indicator of conceptual understanding that requires students to interpret the knowledge 

gained to phenomena that occur in life (Dahlstrom-Hakki et al., 2020; Farrokhnia et al., 

2019; Gruver, 2018). 

 

Figure 5. Student’s Posttest Answer 

Based on Figure 5, the indicator of the highest concept understanding is the 

translation aspect. The translation aspect has an average posttest score of 91.18. The 

translational aspect gets the highest average score because students are able to speak the 

concept of waves in language that is commonly used and easily understood by the 

students themselves. Students construct their own understanding of the concept of 

waves by using sentences that are simpler and easier to understand (Syahidi & Fartina, 

2020). The sentences used to construct his knowledge are the result of the knowledge he 

has acquired and discovered in the learning process. Therefore, it is important for 

students to have the right initial knowledge so that misconceptions do not occur 

(Fulmer, 2013). Basic knowledge is obtained by students from student interaction in the 

learning process so that students can construct their knowledge into visual forms in the 

form of graphics and pictures or in the form of mathematical equations (Bartell et al., 

2013). After creating an excel-based modeling representation, students can draw 

conclusions based on the data and evidence they find (Brown et al., 2014) and improve 

conceptual understanding (Derman & Ebenezer, 2020) on wave material.  

The indicator of conceptual understanding in the extrapolation aspect is the 

lowest aspect with an average value of 83.09. This is because students have not been 

able to create new ideas found in the process of completing the excel-based modeling 

representation model. The inability of these students was due to during the learning 

process, especially in group work in completing (Amamou & Cheniti-Belcadhi, 2018) 

the excel-based modeling model project, there were still some students who were not 

involved in the process (Fatmala et al., 2020) of completing the representation model. 

As a result, there were still students who answered posttest questions by following other 

students' answers. 
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CONCLUSION 

The results of the paired-sample T test showed that there were differences in the 

posttest and pretest scores on students' conceptual understanding questions. This means 

that there is a difference in the average of students' conceptual understanding before and 

after learning using excel-based modeling. Project-based learning assisted by excel-

based learning is able to improve students' understanding of concepts in translation, 

extrapolation and interpretation in the moderate category. The N-gain results showed 

that learning using excel-based modeling was quite effective in improving students' 

conceptual understanding of wave material. So, further research needs to be done to test 

the effectiveness of using excel-based modeling in improving conceptual understanding, 

especially in the aspect of extrapolation. 
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