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Abstract. The objective of this research is to develop field functions in Microsoft 
Excel by utilising pertinent field equations. In the context of terrain analysis, 
these equations frequently entail intricate calculations and demand a profound 
comprehension of the variables that exert influence upon them. The creation of 
terrain functions in Excel provides an accessible and efficient tool for simulating 
terrain, which can be used for both educational and research purposes. The 
utilisation of Excel as a simulation platform is anticipated to assist users, 
particularly students and researchers, in comprehending terrain behaviour with 
greater depth, obviating the necessity to master sophisticated simulation software 
that is typically more intricate. Moreover, this approach enables the visualisation 
of calculation outcomes in the format of graphs and tables, thus elucidating the 
effects and interrelationships between field parameters in an interactive and real-
time manner. 
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1 Introduction 

The development of information technology has brought significant changes in the field 
of education, including in physics learning. One of the challenges in physics education 
is explaining abstract concepts such as vector fields, which are often difficult for stu-
dents to understand without adequate visualization tools. To address this challenge, ef-
fective and user-friendly learning tools are needed. 

Vectors are one of the fundamental topics in physics education. Vectors play an im-
portant role in many physics materials [1]. A good understanding of the concept of 
vectors is necessary to facilitate students' learning of subsequent topics in physics learn-
ing. Mechanics topics such as motion, force, momentum and impulse are closely related 
to vector analysis [2]. A good and correct understanding of vectors has implications for 
a good understanding of the concepts of mechanics topics, including kinematics, parti-
cle dynamics and rotational dynamics. The accuracy of problem solving in mechanics 
topics is influenced by the accuracy of vector operations. To make it easier to under-
stand vectors, especially vector fields, various applications are used, both paid and free. 

To date, software for simulating physics problems has primarily relied on Wolfram 
Alpha, Matlab, and Geogebra. These applications require a certain level of expertise 
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and specific installations on computers, where not everyone has access to licenses or 

internet connectivity, particularly in remote areas. Hence, alternative solutions are nec-

essary. One such solution is leveraging an application that is readily available on most 

computers: Microsoft Excel. Excel has built-in features that can be developed to meet 

user needs, especially for relatively simple physics cases, such as creating vector field 

simulations [3]. 

Vector field simulations are essential for understanding physics because nearly all 

cases involve vector fields, such as electric forces, magnetic forces, gravitational forces, 

and more. Visual Basic for Applications (VBA) in Microsoft Excel is one of the tech-

nologies that can be utilized in this context. As a programming language integrated with 

Excel, VBA is not only efficient but also offers advantages in terms of ease of use [4]. 

In physics education, utilizing VBA in Excel can provide a practical solution for 

creating vector field simulations that support conceptual understanding through dy-

namic visualizations [5][6]. This study aims to explore the application of VBA Excel 

in physics education, focusing on the development of vector field simulations. The use 

of vector fields in physics is often applied to cases such as gravitational fields, electric 

fields, magnetic fields, and others [7]. 

This simulation is expected to help students understand the characteristics of vector 

fields, such as their direction and magnitude, through more intuitive interactive experi-

ences. Therefore, this research not only contributes to the development of technology-

based learning methods but also enhances the overall quality of physics education. 

2 Research Methods 

2.1 Vector Field Equation 

A vector field in a plane is a function that associates each point 𝑃 in the plane with a 

unique vector 𝐹(𝑃) that lies parallel to the plane. This definition does not reference any 

coordinate system. However, for computational purposes, it is usually desirable to in-

troduce a coordinate system so that vectors can be assigned components [8]. Specifi-

cally, if 𝐹(𝑃) is a vector field in the xy-coordinate system, then the point 𝑃 will have 

coordinates (𝑥, 𝑦), and the associated vector will have components that are functions 

of 𝑥 and 𝑦. Thus, the vector field 𝐹(𝑃) can be expressed as: 

𝑭(𝑥, 𝑦) = 𝑓(𝑥, 𝑦)𝐢 + 𝑔(𝑥, 𝑦)𝐣 (1) 

Similarly, in three-dimensional space with the xyz-coordinate system, the vector field 

𝐹(𝑃) can be expressed as: 

𝑭(𝑥, 𝑦, 𝑧) = 𝑓(𝑥, 𝑦, 𝑧)𝐢 + 𝑔(𝑥, 𝑦, 𝑧)𝐣 + ℎ(𝑥, 𝑦, 𝑧)𝐤 (2) 

In this research, the computation and simulation process uses VBA excel with a 2-

dimensional model and then compares the results with the ready-to-use geogbera 

programme. 
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2.2 Program Design 

This study employs the R&D (Research and Development) method to develop a pro-

gram. The program utilized is Microsoft Excel integrated with VBA. The data input 

process is carried out through Excel spreadsheets, while the vector field equations are 

processed using pre-programmed VBA. The stages of creating the vector field simula-

tion are as follows: 

Fig. 1. Flowchart of program development to program validation 

3 Results and Discussion 

3.1 Analysis Phase Results 

The primary users consist of students, lecturers, or instructors. Students need this pro-

gram to understand the basic concepts of vector fields through interactive simulations 

and simple visualizations. Lecturers and instructors require a user-friendly teaching tool 

to efficiently explain real-world cases. 

3.2 Design Phase Results 

During the design phase, the researchers identified the necessary parameters and de-

signed the spreadsheet interface to ensure ease of use. The parameters required for the 
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program include vector field scale settings, boundary values to be modeled, and the 

range between individual vectors. Additionally, the program requires the vector field 

equations to be simulated. The resulting interface on Excel spreadsheets and VBA is 

shown in the following image. 

(a)                                                                 (b) 

Fig. 2. (a) Excel spreadsheet interface (b) Excel VBA 

3.3 Test and Validation Stage Results 

The trial was conducted by comparing the vector simulation using VBA Excel with 

other programs. One of the programs used to validate the generated vector field is Ge-

ogebra. The vector field simulation testing was carried out using Geogebra, which is 

available at https://www.geogebra.org/m/QPE4PaDZ. Below is the visualization of the 

vector field simulation using Geogebra: 

https://www.geogebra.org/m/QPE4PaDZ
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Fig. 3. Geogebra overlay on vector field simulation 

The comparison of the two programs revealed several differences. Based on the 

analysis conducted, these differences arise from the calculation methods used. Excel 

VBA applies the lower bound of the input vector values, whereas Geogebra uses the 

midpoint of the vector. These differences highlight the importance of a thorough 

understanding of the calculation methods employed in vector field validation. 

Furthermore, they emphasize that the choice of reference values in the calculations can 

significantly influence the final results. Therefore, it is necessary to adjust the 

calculation methods or reference values to achieve more accurate and desirable 

outcomes. 

Using the lower bound in vector field calculations tends to produce more conserva-

tive results as it only considers the lowest value in the data. On the other hand, using 

the midpoint can yield results that are more representative of the overall dataset. The 

comparison results from the initial simulation developed are shown in the following 

figure: 
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(a)  (b) 

Fig. 4. Comparison of −𝑦, 𝑥 vector field results using (a) VBA excel at the initial stage with (b) 

geogebra application 

3.4 Program Improvement Step 

Correcting errors in a VBA program is a crucial step to ensure the program functions 

as intended. This process begins with identifying the source of the error, often involving 

analyzing error messages or unexpected execution results. Once the root cause is de-

tected, the next step is to make precise corrections to the code. An effective approach 

is to thoroughly examine each line of code and understand the logic used to pinpoint 

any errors or inconsistencies. Additionally, utilizing debugging features such as break-

points or watch windows in the VBA editor can be highly beneficial for tracking pro-

gram execution. By performing corrections meticulously and systematically, research-

ers can ensure that the VBA program developed not only runs correctly but also delivers 

results that align with the original objectives. Below is an example of the VBA program 

code resulting from this correction process: 

Sub vector() 

Dim sc, i, u, x, y, x0, x1, y0, y1 As String 

Range("F:I").ClearContents ' Delete content in columns A 

through C 

sc = Cells(4, 2) 

B = Cells(6, 2) 'Model Boundary 

S = Cells(8, 2) 'Range of values used 

For i = -B To B Step S 

n = n + 1 

For u = -B To B Step S 

m = m + 1 

'write down the vector equation 

x = -i 

 y = u 
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u1 = u

u2 = u + sc * x

i1 = i 

i2 = i + sc * y 

Cells(12 + 3 * m, 8) = u2 

Cells(11 + 3 * m, 9) = i1 

Cells(12 + 3 * m, 9) = i2 

'return to the midpoint of the value 

u3 = (u1 - u2) / 2 

i3 = (i1 - i2) / 2 

Cells(11 + 3 * m, 6) = u1 + u3 

Cells(12 + 3 * m, 6) = u2 + u3 

Cells(11 + 3 * m, 7) = i1 + i3 

Cells(12 + 3 * m, 7) = i2 + i3 

Next u 

Next i 

 End Sub 

Validation of the simulation results of the VBA programme improvements made by 

comparing with Geogebra obtained results that are appropriate. Of the 5 vector field 

equations tested using Geogebra, all have similarities so it can be said that the pro-

gramme is suitable for use. The following are the results of the comparison of vector 

field simulations using VBA Excel and Geogebra. 

(a) 
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(b) 

(c) 

(d) 

Fig. 5. Comparison of model results using VBA Excel and Geogebra for vector fields (a) 

𝑓(𝑥, 𝑦) = −𝑦𝐢̂ + 𝑥𝐣̂, (b) 𝑓(𝑥, 𝑦) = 𝑦𝐢̂ + 𝑥𝐣̂, (c) f(x, y) = Cos(y) 𝐢̂ +  sin(x)𝐣̂, and (d) 𝑓(𝑥, 𝑦) =
(𝑥2 − 𝑦2 − 4)𝐢̂ +  2𝑥𝑦𝐣̂
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From the comparison in Figure 5 above, it can be seen that the vector field simulation 

using VBA Excel has a sufficient level of validity, making it suitable for use by students 

or lecturers. One of the main advantages of using this simulation is that it does not 

require internet access, and since Excel is already installed on almost all computers or 

laptops, the simulation can be run at any time. This is particularly beneficial for educa-

tors with limited internet access. 

However, in addition to these advantages, the use of VBA Excel also has some draw-

backs. One of the issues is that calculations can take a long time, especially for more 

complex vector field cases. Furthermore, the simulation of three-dimensional vector 

fields cannot yet be performed using VBA Excel, limiting its use for more advanced 

simulations. 

4 Conclusion 

The use of VBA Excel in vector field simulations provides a significant advantage in 

terms of accessibility, as it does not require an internet connection. This makes it par-

ticularly beneficial for educators and researchers who have limited internet access. Ad-

ditionally, since Excel is widely available and commonly used, VBA-based simulations 

can be easily implemented without the need for additional specialized software. 

However, one drawback of using VBA Excel is the relatively long computation time 

when handling complex vector field cases. Despite this limitation, VBA Excel remains 

a practical and effective alternative for conducting vector field simulations. A compar-

ison with GeoGebra, a dedicated simulation application, showed that the results ob-

tained using VBA were highly similar to those generated by GeoGebra, demonstrating 

the reliability of VBA Excel for such simulations. 

References 

1. Barniol, P.,  Zavala, G.. Test of understanding of vectors: A reliable multiple-choice vector

concept test. Physical Review Special Topics - Physics Education Research, 10(1), 010121.

2. Bollen, L., van Kampen, P., & De Cock, M. Students’ difficulties with vector calculus in

electrodynamics. Physical Review Special Topics - Physics Education Research, 11(2),

3. Ardiansyah. (n.d.). Innovative Utilization of Information and Communication Technology

as Effective Learning Media. SEMNAS RISTEK, 851-857 (2021). https://proceeding.unin-

4. Sarman. Simulation of Charged Particle Trajectories under the Influence of Electric and

Magnetic Fields Using Excel Spreadsheet. (2022). https://journal.ipm2kpe.or.id/in-

5. Astri, Nurisma,  Siti. Educational Technology Innovation in the form of VBA-based Physics

Learning Media on Vector Material. (2022). https://snhrp.unipasby.ac.id/prosiding/in-

https://doi.org/10.1103/PhysRevSTPER.10.010121
https://doi.org/10.1103/PhysRevSTPER.11.020129
https://proceeding.unindra.ac.id/index.php/semnasristek/article/view/5082
https://proceeding.unindra.ac.id/index.php/semnasristek/article/view/5082
https://journal.ipm2kpe.or.id/index.php/SPEJ/article/view/3554
https://journal.ipm2kpe.or.id/index.php/SPEJ/article/view/3554
https://snhrp.unipasby.ac.id/prosiding/index.php/snhrp/article/view/355
https://snhrp.unipasby.ac.id/prosiding/index.php/snhrp/article/view/355


dex.php/JGS/article/view/4858

crosoft excel. Tre Alea Jacta Pedagogie.

& Sons, United States (2012).

7. Sukma,  Linda. Concept understanding ability and resilience in mathematics with VBA mi-

8. Howard, A,, Irl B., Stephen, D.: Calculus Early Transcendentals 10th Edition. John Wiley

Application of Excel VBA in Physics Education 81

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), 
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license and indicate if changes were made.

     The images or other third party material in this chapter are included in the chapter's 
Creative Commons license, unless indicated otherwise in a credit line to the material. If material 
is not included in the chapter's Creative Commons license and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder.

6. M., & Syahril. Vba-based wave visualization design using microsoft excel as the media for

learning physics in senior high school. (2017). https://jgs.ejournal.unri.ac.id/in-

https://jgs.ejournal.unri.ac.id/index.php/JGS/article/view/4858
https://jgs.ejournal.unri.ac.id/index.php/JGS/article/view/4858
http://creativecommons.org/licenses/by-nc/4.0/

	Application of Excel VBA in Physics Education: A Case Study of Vector Field Simulation



