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Abstract 
Modern Physics Practicum is a supporting course for Modern Physics (theory). The limita-

tions of the practicum unit are the focus of the problem in this research. This research was con-
ducted to develop a Photoelectric Effect practicum device based on Arduino Uno. This research is a 
descriptive study that aims to describe the validity of the Arduino Uno-based photoelectric effect 
practicum device. The research instrument is a validation sheet for practical equipment. The valida-
tion results show that the Arduino Uno-based Photoelectric Effect practicum unit developed is in the 
valid category and suitable for use. However, there are several revisions which are suggestions and 
constructive comments from validators. The part that requires revision is the aspect of ease and safe-
ty in using the tool (Photoelectric Effects practicum unit) and considering designing the toolbox 
(acrylic) in a dark color. Recommendations for further research could examine the sensitivity of the 
Arduino Uno-based Photoelectric Effect practical unit at blue wavelengths, to obtain Planck con-
stant measurement results that are more accurate or close to the theoretical value. 
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Introduction 
Modern Physics is one of the core subjects of the Physics Education Study Program. Apart 

from being abstract, Modern Physics also studies the behavior of particles that move above the 
speed of light, studying the behavior of particles that classical physics can no longer study. Modern 
Physics courses also often present problems that require students to think critically and systematical-
ly in solving case examples in the realm of Modern Physics (Rianti et al., 2020). In addition, the 
content of Modern Physics material connects classical and modern theoretical concepts, such as the 
concepts of Relativity and Particle-Wave Dualism (Sartika & Humairah, 2018). Students will have 
difficulty understanding advanced Physics concepts such as Quantum Physics, if they do not pre-
viously have a perfect understanding of Modern Physics concepts. Learning Modern Physics is not 
enough if it only emphasizes Physics content in physics textbooks (Ozdemir, 2017). 

One of the contents of Modern Physics which is abstract and is one of the essential contents 
of Modern Physics is the Photoelectric Effect. The photoelectric effect is the process of electrons 
jumping in a vacuum tube due to the influence of an increase in voltage. After analyzing these elec-
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tron jumps, Planck's constant will be found as a standard form of measuring electricity and mass 
(Park et al., 2019). Furthermore, the photoelectric effect is also defined as a phenomenon when elec-
trons are released because the photon frequency is greater than the frequency of the metal being hit 
by light. In the photoelectric effect, light is not only viewed as a wave but also as an energy carrier 
(Levrini & Fantini, 2013; Yeşildağ Hasançevi & Günel, 2013). Abstract concepts from Modern 
Physics require practicum in understanding the material. Therefore, several Physics Education Study 
Programs in Indonesia have added Modern Physics Practicum as one of the mandatory courses. 

The results of initial observations in several Physics Education Study Programs at private 
universities in South Sulawesi showed that Modern Physics practicum units were still very limited, 
there were even Physics Education Study Programs that did not add Modern Physics Practicum 
courses to the study program curriculum due to limited funds to provide practicum units. lack of 
Human Resources (lecturers) who can design Modern Physics practicum units either manually or 
digitally, and a lack of laboratory space infrastructure that meets the requirements of a modern phys-
ics laboratory (Dewi Hikmah Marisda et al., 2023). 

The development of information and communication technology has brought many changes 
to the world of education, learning, assessment, and learning tools (D H Marisda & Ma’ruf, 2021; 
Padillo et al., 2023). One of the uses of technology in developing learning tools is designing digital 
physics practicums (Nurlina et al., 2022). At the beginning of technological developments, physics 
education researchers designed virtual practicums (Maruf & Sultan, 2023) such as the Phet applica-
tion and other virtual laboratories (Susilawati et al., 2022). In the virtual laboratory, students can 
change manipulated variables in virtual form via a laptop or smartphone screen, to then see changes 
in the response variable (Candido et al., 2022). Apart from that, there are also practicums designed 
to utilize sensors. The use of sensors can convey information in the form of presenting Physics con-
tent effectively and efficiently to students (Hamzah et al., 2022). One of the sensors commonly used 
in learning is the Arduino Uno sensor. The use of Arduino Uno as a tool in designing physics expe-
rimental units includes developing experimental tools to determine static and kinetic friction coeffi-
cients (Pramudya et al., 2020). Density measurement with Arduino Uno (Matsun et al., 2022), de-
velopment of a digital distance measuring tool based on Arduino Uno (Megananda et al., 2021), and 
development of practical tools for measuring air speed using the Arduino Uno microcontroller 
(Indrasari et al., 2021). 

Analysis of initial observations and the need for developing a Modern Physics practicum 
unit, it is necessary to develop a Modern Physics practicum tool to support the mastery of Physics 
concepts of Physics teacher candidates and cover the achievements of Modern Physics lectures. 
Apart from that, having a Modern Physics practicum can prevent students from misunderstanding 
the abstract material contained in Modern Physics (Swandi et al., 2020). From the results of pre-
vious preliminary research, it was agreed to develop a Photoelectric Effects practicum unit. The 
practicum unit developed is an Arduino Uno-based Photoelectric Effects practicum unit which is 
equipped with a digital practicum module. In developing a practicum unit, apart from paying atten-
tion to the analysis of user needs, you must also pay attention to the feasibility of the product being 
developed. A product or instrument is said to be effective when it can measure what it is supposed to 
measure (Dewi Hikmah Marisda et al., 2022) and can measure the specified variables accurately. 
So, to obtain research instruments or products that are suitable and effective to use, validation meas-
ures need to be carried out. Validation is very important before using an instrument or product in 
further research (Mirza et al., 2021). The validation chosen is device validation by experts. Instru-
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ment validity is the suitability of an instrument to measure what it should measure (Wesnawa et al., 
2022). 

Materials and methods 
This research is a descriptive study that aims to describe the validity of the Arduino Uno-

based photoelectric effect practicum device and digital practicum module. The research instrument 
is a validation sheet for practical equipment. The practical device produced as a product in previous 
development research was the Arduino Uno-Based Photoelectric Effect Practicum Device. The va-
lidity used in this research is expert validation. The aspects assessed in the validation of the Arduino 
Uno-Based Photoelectric Effect practicum device are 1) suitability of the device with the content of 
Modern Physics material, 2) ability of the tool to increase student competency, 3) ease of use (op-
eration) of the practicum device, 4) convenience equipment maintenance, 5) accuracy of practical 
measurement results, 6) safe construction for users, 7) aesthetic value. After the expert provides a 
feasibility assessment, the Arduino Uno-Based Photoelectric Effect practicum device is then revised 
based on suggestions and input from the validator. The practicum device validation analysis tech-
nique used is the Aiken Validation index by takes into account suggestions and comments from va-
lidators. 

The research subject is a Photoelectric Effect practicum device based on the photoelectric ef-
fect, namely a practicum unit. The research tools were validated by 7 (seven) competent experts. 
The assessment given by the validator consists of 5 (five) criteria as follows: 

 
Table 1. Instrument Item Assessment Criteria by Validator 
Value Description 
1 Irrelevant 
2 Less relevant 
3 Enough 
4 Relevant 
5 Very relevant 

 
After being assessed by an expert, the researcher then calculated the assessment results using 

a validity index, including the index proposed by Aiken as follows. 
V=  (∑S)/(N(c-1)), where s = r-lo ……. (1) 
Information: 
r  = rater rating 
lo = low category assessor rating 
c  = highest category 
N = number of assessors/respondents (Aiken, 1980) 
Next, the level of validity is determined using the criteria as shown in Table 2 below. 

 
Table 2. Validity Level Criteria 
V Index Range Category 
V  0,75 Valid 
V < 0,75 Invalid 
 (Azwar, 2012) 
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Apart from assessing the items assessed from each indicator, at the validation stage data was 
also obtained in the form of suggestions and comments from the validator, which were then used as 
a basis for carrying out improvements and refinements to the practical tools being developed. Sug-
gestions submitted by validators will be analyzed so that they become suggestions that support and 
build on improving the product being developed (Yusoff, 2019). 

 
Results and Discussion 
One important stage in developing practical tools is the validation stage. The validation stage 

of the product being developed is very necessary to test the validity of the Arduino Uno-Based Pho-
toelectric Effect Practicum Device being developed (Hartini et al., 2018; Winarno et al., 2019). Va-
lidation was carried out by seven validators for the Arduino Uno-Based Photoelectric Effect Practi-
cum Device that was developed. Apart from assessing the product being developed, the validator 
also provides constructive suggestions and comments to improve the product being developed so 
that it is suitable for use. In this article, we will discuss the recapitulation of data analysis obtained 
from the Arduino Uno-Based Photoelectric Effect Practicum Device validation 

Practicum in lecture activities is one of the lecture activities that are familiar to prospective 
Physics teacher students (Sultan et al., 2023). Practicum supports improving students' ability to un-
derstand abstract physics concepts (Darmaji et al., 2019; Sunardi et al., 2022). Likewise, the Ardui-
no Uno-Based Photoelectric Effect Practicum Device practicum in the Modern Physics Practicum. 
Previously there had been several studies related to modern physics. One of them is research that 
examines black holes by creating standard astronomical images from synchrotron emissions from 
relativistic plasma (Goddi et al., 2017). Meanwhile, other research uses virtual practicums with vari-
ous virtual lab applications, such as the use of virtual PhET in Modern Physics practicums, and vir-
tual laboratories to improve conceptual understanding (Gunawan et al., 2018), the use of technolo-
gy-based active learning simulations (TEALSim) on modern physics concepts, simulating the theory 
of relativity with a smartphone (Sumardani et al., 2020). The Modern Physics Practicum which spe-
cifically examines the Photoelectric Effect is the use of LEDs as a light source in the Photoelectric 
Effect Practicum (Garver, 2006). This practicum uses phototubes and LEDs as light sources, not us-
ing mercury lamps. From this practicum, we obtained a Planck constant value of more than 10% us-
ing several LEDs in the spectrum from 470 nm to 631 nm. By changing the intensity of the LED it is 
possible to measure electron energy and photocurrent as a function of light intensity. 

The content validity of the instrument in this study was determined using expert agreement 
(Istianti et al., 2022). Researchers use expert validity because the instrument (product) has been 
proven to be accurate if the expert believes that the instrument can be used to measure research va-
riables (Rahmawati et al., 2018). The validity formula used is Aiken validation. Seven experts as-
sessed the instrument. The results of the content validity analysis of the seven assessors using the 
Aiken formula can be seen in Table 3 below. 

 
Table 3. Results of Aiken Index Analysis of the Arduino Uno-based Photoelectric Effect Prac-
ticum Device Instrument 
Indicator V value Vtable value conclusion 
Compatibility of the device with the content of 
Modern Physics material 

0,82 0,75 Valid  

The ability of tools to improve student compe- 0,75 0,75 Valid  
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Indicator V value Vtable value conclusion 
tence 
Easy of use (operation) of practical equipment 0,89 0,75 Valid 
Ease of tool maintenance  0,71 0,75 Invalid 
Accuracy of practical measurement results 0,75 0,75 Valid 
Construction safety of use for users 0,79 0,75 Valid 
Has aesthetic value 0,71 0,75 Invalid 

 
Table 3. Results of the Aiken Index Analysis of the Arduino Uno-based photoelectric effect 

practicum device Instrument show the validity value of the Arduino Uno-based photoelectric effect 
practicum device instrument for each indicator. Of the seven Arduino Uno-based photoelectric ef-
fect practicum device instrument validation indicators, two indicators have not shown valid values 
based on the Aiken validation index. These two indicators are the ease of equipment maintenance 
and the aesthetic value of the practicum unit. The ease of maintenance of the practical instruments 
developed will greatly support the long service life of the tools developed. Meanwhile, the aesthetic 
value will attract users (students and lecturers) when carrying out practicums. This is in line with 
DIVTCELL APP development research which also pays great attention to the aesthetic value of the 
application being developed. Paying attention to the aesthetic value of the product will have a posi-
tive impact on user perception (Mantilla et al., 2023). 

Apart from quantitative data analysis from validator (expert) scoring, the validator also pro-
vided several comments and suggestions (Mulhayatiah et al., 2022) for improvement of the Arduino 
Uno-based photoelectric effect practicum device. The validator's comments and suggestions are pre-
sented in Table 4 below. 
 
Table 4. The validator’s comments and suggestions 
Instrument Type Suggestions and Comments 
Photoelectric effect practical unit . Researchers should pay attention to student safety 

when using tools. 
. It is recommended to label the potentiometer knob so 
that students do not get confused in determining the 
color during practicum. 

. The acrylic box covering the practical equipment 
should be replaced and made darker, consider using 
black on the tool box. 

 
Table 4. Validator Suggestions and Comments show validator comments when validating the 

Arduino Uno-based photoelectric effect practicum device instrument. These comments cover as-
pects of tool use, tool safety, and the aesthetics of practical equipment. Based on the validator's input 
and suggestions, the lecturer team developing the Photoelectric Effect practicum device made im-
provements and added several parts to the Photoelectric Effect practicum device and the practicum 
module that was developed. Comments provided by validators are good suggestions and an impor-
tant part that must be considered in the suitability of research instruments and products (Elangovan 
& Sundaravel, 2021). The validator's corrections and comments at the validation stage build the va-
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lidity of the instrument being developed (Yulastri et al., 2017). Improving the instrument at the vali-
dation stage is the final stage before the research product is tested and implemented either on a li-
mited or widespread basis. 

The Arduino Uno-based Photoelectric Effect practical device is designed using a user-
friendly microcontroller that is easy to use. Another advantage of the Photoelectric Effect practicum 
device based on the photoelectric effect is that it can facilitate students in carrying out the Photoe-
lectric Effect practicum, so that from the practicum results students can find voltage variables which 
will then be analyzed simply in Microsoft Excel to find the Planck constant. At the beginning of the 
Photoelectric Effect practicum device based on the photoelectric effect design, researchers were 
constrained by the tool coding process. The coding process is quite sensitive and not flexible to the 
slightest change. So if there are changes, coding must be done again from the beginning. This is the 
weakness of this Photoelectric Effect practicum device based on the photoelectric effect research. 
Apart from that, the Photoelectric Effect practicum device based on the photoelectric effect being 
developed is quite difficult to obtain measured voltage values at the blue wavelength. Therefore, re-
searchers recommend further research that examines the sensitivity of the Photoelectric Effect prac-
ticum device based on the photoelectric effect at blue wavelengths. Apart from that, researchers also 
recommend the need for advanced coding that connects the Photoelectric Effect practicum device 
based on the photoelectric effect box to a computer or smartphone, so that students do not need to 
read it on the screen of the photoelectric effect practical unit device. This can also minimize stu-
dents' reading errors when doing practicum. 

 
Conclusion 
From the results of descriptive research related to the validity of the product being devel-

oped, it can be concluded that the content validity of the instrument was obtained through expert 
agreement with the calculation of the Aiken index; The validity of the instrument content based on 
the Aiken table is said to be valid if the validity of the instrument is > 0.75. The validity of the con-
tent of the Arduino Uno-based photoelectric effect practicum device instrument is declared valid on 
the indicators of suitability of the device with the content of Modern Physics material, ability of the 
tool to improve student competency, ease of use (operation) of the practicum device, accuracy of 
practicum measurement results, and construction safety of use for users. Apart from that, during va-
lidation, some expert suggestions and comments require minor revisions to perfect the resulting in-
strument. 
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