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Abstract: Research has been carried out on the development of physics props for measuring
light wavelengths based on Arduino Uno with the diffraction lattice method (case study of
visible light wavelengths), with the aim of determining the level of validity and practicality of
arduino uno-based light wavelength measuring physics props with the diffraction lattice method.
This research includes development research, with reference to the ADDIE development model
with stages, namely analysis, design, development, implementation, and evaluation. The testing
of props is carried out with validity tests by media experts and material experts to determine the
level of validity of the props that have been developed. In addition, product trials were also
carried out to determine the level of practicality of teaching aids, through student response tests
and assessments from physics teachers. Product trials were carried out at sma class XI MIPA
with a total sample of 163 people. Based on the results of the validity test of media experts and
material experts, it can be known that the level of validity of props is on very valid criteria with
a percentage of 85.71% from media experts and 95.69% from material experts. Then, based on
the results of practicality tests carried out through student response tests, it can be known that
the level of practicality of teaching aids is on practical criteria, with a percentage of 78.74%.
Meanwhile, based on the results of practicality tests conducted through physics teacher
assessments, it can be known that the level of practicality of teaching aids is on very practical
criteria with a percentage gain of 84.28%. Based on the results of this study, it can be concluded
that the physics props of arduino uno-based light wavelength measuring with the diffraction
lattice method meet the criteria very valid and practical for use in the physics learning process.
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INTRODUCTION

Since mid-2013, learning activities in Indonesia have implemented learning
activities that refer to the 2013 Curriculum. In the 2013 Curriculum, each learning
process is oriented towards a scientific approach with the characteristics of the learning
stages consisting of activities of observing, questioning, reasoning, trying and
communicating (Permendikbud, 2013). According to Novili et al (2017), by
implementing the stages of learning activities, it will create a learning process that is
student-centered, because at each stage it always involves students.

In essence, the stages of learning a scientific approach are widely used in science
learning, including physics subjects. Physics is a part of science that discusses many
concepts, laws and theories about natural phenomena that occur. Such various concepts,
laws and theories are the result of a scientific product. On that basis, physics learning
must be built through three elements of science, namely the scientific process, scientific
attitudes, and scientific products (Fitriyah, 2019). Therefore, in the process of learning
physics, both methods, processes, principles, attitudes and others will be very relevant if
they implement the stages of learning contained in the scientific approach (Sumiati et
al., 2018). However, some of the concepts of physics studied at school are abstract, so
there are still many students who think that these concepts are difficult to understand
(Kause & Boimau, 2019). Therefore, in order for students to easily understand the
concept, it is necessary to have innovations that must be made by teachers in learning,
both regarding learning methods and media (Setiawan et al, 2018). One strategy that can
be applied is to utilize learning media that can provide understanding to students
through skills training and hands-on experience.

One of the learning media that can be used in physics learning and is able to
accommodate abstract physics material concepts is teaching aids (Muji et al., 2020).
Teaching aids are a supporting tool used in learning activities, which aims to provide
concrete examples of the learning material being studied (Setiawan & Mahmud, 2020).
Based on the previous presentation, the scientific approach learning stage consists of
observing, questioning, reasoning, trying and communicating activities. With these
learning stages, especially in observing and trying activities, students are invited to get
closer to the object being studied so that they can relate the relationship between the
material taught and the concepts contained in the teaching aids (Nuvitalia et al., 2016).
Therefore, the use of teaching aids in the physics learning process is expected to be able
to meet the demands of the 2013 Curriculum which is oriented towards a scientific
approach. However, the lack of teaching aids in schools and the lack of use of teaching
aids in the physics learning process are problems in itself (Mujasam et al., 2018).

Based on the results of observations and interviews at SMAN 3 Tasikmalaya,
the learning process is still rarely assisted by teaching aids, so the learning process
carried out only applies the lecture method, and only uses the package books available
as learning media. In addition to conducting observations and interviews, researchers
also distributed questionnaires through the google form platform to 34 students who
were representatives of three classes in class XII mipa at the school. The results of the
questionnaire showed that 82% of students gave statements that they still felt difficulty
in understanding the physics material presented, especially abstract material. This is
because the learning method used only uses the lecture method and is rarely assisted by
learning media in the form of teaching aids. After being identified, with this method, the
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physics learning process is still not as expected because it has not been able to meet the
learning demands of the 2013 curriculum which is oriented towards a scientific
approach. The results of the questionnaire also showed that 85% of students gave a
statement that learning physics on light wave material needs to be assisted by using
learning media in the form of teaching aids.

On the basis of the above problems, one of the right efforts to answer these
problems is to develop physics props as a learning medium. In line with this, light wave
matter is also included in abstract material, so it will be more effective if it is supported
by props in the process of conveying the concept (Suryaningtyas et al, 2020). In the
process of demonstrating or visualizing the concept of light, it often involves
measurements such as measuring the wavelength of light. In measuring the wavelength
of light so far, most of them still use manual methods or tools as well as using a ruler, so
the measurement process is sometimes still ineffective (Syahputra et al, 2015). Based on
the results of observations at SMAN 3 Tasikmalaya, a practicum kit that can be used to
measure light wavelengths is an optical practicum kit whose one component is a
diffraction grid. But in the measurement process, it still uses manual measuring
instruments such as rulers. Therefore, to facilitate the measurement process, it is
necessary to develop by utilizing digital tools that can be integrated directly in one
system.

Along with the advancement of science and technology, many electronic devices
produced that is beneficial to the world of education and can certainly be used for the
development of physics props. Some examples of electronic devices that can be used for
the development of physics props are microcontrollers, detector devices or sensors,
display devices or LCDs, actuator devices and other devices. With these electronic
devices, the physics props produced will be more effective, efficient, have better
accuracy of measurement results, and visualization (Kause & Boimau, 2019).

Based on the description above, the researcher intends to conduct research on
the development of physics props on light wave matter that can demonstrate the
phenomenon of diffraction while being able to measure the wavelength of light. In the
development of these props, researchers use the main electronic device, namely the
Arduino Uno microcontroller kit, because in addition to having high performance and
accuracy, this microcontroller kit can also be easily obtained at a fairly affordable price.
As for the light source used, it is visible light, because in addition to being included in
the subject matter of physics in high school, visible light sources can also be easily
obtained, namely by using laser beams. Therefore, in this study, the researcher raised
the title "Development of Physics Props for Measuring Light Wavelengths Based on
Arduino Uno With the Diffraction Lattice Method (Case Study of Visible Light
Wavelengths)"”, with the aim of knowing the level of validity and practicality of physics
props for arduino uno-based light wavelength meters that have been developed.

METHOD

In this development research, the method used is the R&D (Research and
Development) method. According to Sugiyono (2019), the R&D method is a method
used in research with the aim of producing a certain product and testing the
effectiveness of the product. As for the development model itself, researchers adapted
the ADDIE development model that had been developed by Dick and Carey (1996). The
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ADDIE development model was chosen based on the consideration that the stages of
this model are simple as well as systematic. The stages of the ADDIE development
model include: Analysis, Design, Development, Implementation, and Evaluation. Based
on the selected development model, this research procedure follows the stages of the
ADDIE development model as can be seen in figure 2.

Step 1 (Analysis)

1 | I— _____ Step 2 (Design) — — T T T |
| . . 1
I Analysis kurikulum 2013 I 1 I
I 1 Define tools and materials
| 1
1
] Literature review on the scientific approach, I 1 1
1 physics learning media I 1 ' —| Mechanical Design I
1 1
I 1
1 Preliminary study by conducting observations, | I | Props design }—" Hardware design ‘I
1 interviews, distribution of needs questionnaires at 1
SMAN 3 Tasikmalaya | |
1 | ! | Software design "
| : - |
I Analysis of physics teaching aids I I 1
| I Preparation of validation 1
! | mstruments and student response
T |
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1 Determine Arduino Uno-based physics teaching aids 1 I e e e e e e e e e o ——
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I Analysis of product trial results 1 Props (P |
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| data
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Figure 1. Stages of Research and Development

The testing of the tool is carried out with a validity test and a practicality test.
The validity test is carried out by asking for values and responses from media experts,
material experts, to find out the level of validity of the props along with the guidebook
that has been developed. Meanwhile, the practicality test is carried out by distributing
questionnaires to physics teachers and students to find out the assessment of physics
teachers and the responses of students.

The validity instrument of the experts used in this study consists of several
questions whose answers use the rating scale method. In the instrument, four categories
of answer choices are given along with the provisions: a score of 4 (very good), 3
(good), 2 (less good), 1 (not good). Data acquisition from the validity instruments of
experts was then analyzed using the following equation (Sugiyono, 2019).

A
Persentase (U4) = i 100%

keterangan: A = skor hasil perolehan data
B = skor ideal
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The percentage results obtained are then converted into a qualitative scale based
on the criteria contained in the following table.

Table 1. Validity Criteria (Modification: Masyruhan et al., 2020)

Score Interval (%) Validity Level
81,26% - 100,00% Very Valid
62,51% - 81,25% Valid
43,76% - 62,50% Invalid
25,00% - 43,75% Very Invalid

Table 2. Physics Teacher Assessment Criteria and Student Response (Modification: Masyruhan

et al., 2020)
Score Interval (%) Practicality Level
81,26% - 100,00% Very Practical
62,51% - 81,25% Practical
43,76% - 62,50% Impractical
25,00% - 43,75% Very Impractical

The props that have been developed are in the valid and practical category if
they obtain a minimum score of 62,51% so that they can be used in the learning process.

RESULT AND DISCUSSION

The process of developing physics props in this study uses the ADDIE
development model with the stages of Analysis, Design, Development, Implementation,
and Evaluation. The description of the process of implementing the entire stage in this
study is as followsall.

a. Analysis

Based on the results of observations and interviews at SMAN 3 Tasikmalaya,
the learning process is still rarely assisted by teaching aids, so the learning process
carried out only applies the lecture method, and only utilizes package books available as
learning media. The results of the questionnaire showed that 82% of students gave
statements that they still find it difficult to understand the physics material presented,
especially abstract material. From the results of the questionnaire, it also showed that
85% of students gave a statement that learning physics on light wave material needs to
be assisted by using learning media in the form of teaching aids.

b. Design
1. Mechanical Design

In the mechanical design there are two parts. The first part, utilizes wooden
boxes to store breadboards and Arduino uno circuit boards. On one side of the box,
there are four holes, each of which is used for the Arduino USB port, the LDR sensor
cable for the stepper motor cable and the power cable. At the top of one side, there are
also two holes for the push button holder.

While the second mechanical design section, serves as a visualization medium to
demonstrate the visible light beam (laser) fired on the diffraction grid. The laser beam
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fired on the diffraction grating, aims to obtain the phenomenon of diffraction from the
visible light beam (laser) so that a wavelength measurement of the visible light can be
carried out. This section utilizes PVC pipes to make laser mounts, diffraction grids,
stepper motors, and also LDR sensors. Broadly speaking, the mechanical design of
these props is shown in the following figure

2. Hardware Design

The hardware design of these props includes a series of hardware that will be
used in the manufacture of props. Broadly speaking, the hardware design of these props
is shown in figure 3. The hardware design of this props, uses several components
consisting of Arduino Uno, stepper motor, ULN2003 motor driver, LDR (Light
Dependent Resistant) sensor, breadboard, push button, resistor, and jumper cable.

3. Software Design

The software design in this study was carried out by programming on arduino
software. Broadly speaking, the software is designed as in the flowchart which can be
seen in figure 4.

As seen in the flowchart, the device first declares the arduino library, the arduino
pins and their variables. After that, the creation of a program is carried out in order to
set the main function of the props as a counter to the intensity of the light captured by
the light sensor. The program will enable the LDR sensor to be used as a light intensity
gauge resulting from the diffraction grid flexing process. Meanwhile, the stepper motor
programming is intended as an actuator used to drive the LDR sensor mechanically. In
addition, serial programming of the monitor is also carried out to create a data
acquisition system, so that data from arduino can be displayed in Microsoft Excel. The
programs that have been created, will be executed with the instructions of the push
button. There are two push buttons, the first for the "START" button and the second for
the "RESET" button.

Laser

\ Kisi Difractions Sensor LDR

Motor Stepper

Push Bullon\

e

180° Laptop/PC

.
(]

Figure 2. Mechanical Design of Props

Box —
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Figure 4. Props Software Flowchart
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c. Development

The development stage is the realization stage of the product design that has
been made. Broadly speaking, at this stage, product manufacturing and validity tests are
carried out which will be described in the following description.

1. Product manufacturing

The products made at this stage are in the form of props along with a manual
book (guidebook) for the use of props. The results of making products are divided into
several parts including:

a) Product Manufacturing Result

The first part, the manufacture of arduino boxes made of wood which serves to
store arduino uno circuit boards, breadboards and their components. On one side of the
box, there are four holes, each of which is used for the Arduino USB port, the LDR
sensor cable for the stepper motor cable and the power cable. At the top of one side,
there are also two holes for the push button holder. The appearance of the Arduino box
can be seen in the following pictures.

The second part is the creation of a visualization medium to demonstrate the
phenomenon of diffraction. This section utilizes PVC pipes to make pointer holders,
diffraction grids, stepper motors, and also LDR sensors. The appearance of the
visualization media can be seen in the following pictures.

Socket Cable
Motor Stepper

Sensor Cable

Port Power Cable

Port USB

. . ) i Figure 5. Arduino Box Display Side View
Figure 5. Arduino Box Display Front View
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Black Screen

Pipa PVC Pointer Motor Stepper Arc

Figure 7. Arduino Box Display Looks In Figure 8. Visualization Media
View

SUDUT VS INTENSITAS CAHAYA

Figure 9. Overall View of Props Figure 10. Serial Display

b) Results of Manual Book Creation

The manual book or guidebook for the use of props is made to provide usage
guides to users of props that have been developed. Broadly speaking, the manual book
presents a summary of the material, instructions for the use of props and experimental
procedures for measuring the wavelength of light using props.
2. Validity Test
a) Media Expert Validity Test Results

The media expert validity test process is carried out by providing product
assessments by three media expert validators. There are two products that are assessed,
namely props and manual book props. Each validator provides an assessment of the
product that has been developed, with 5 aspects of the assessment consisting of tool
durability, tool accuracy, tool effectiveness, safety for learners and a kit box or storage
box. As for the manual book, there are 2 aspects of assessment consisting of the
appearance and feasibility of the language. The result data of each media expert
validator can be seen in figure 11 and figure 12.
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Figure 11. Media Expert Validity Test

Figure 12. Media Expert Validity Test
Results on Props g P y

Results against The Props Manual Book

As for the details of the results of the media expert validity test, it can be seen in
table 3.

Table 3. Media Expert Validity Test Results

Score Ideal

No Assessment Aspects Acquisiti Percentage Criteria
cquisition  Score
Alat Peraga
1 Tool Durability 9 12 75% Valid
2 Tool Accuracy 20 24 83,33% Very Valid
3 Effectiveness of the Tool 20 24 83,33% Very Valid
4 Safety for learners 12 12 100% Very Valid
5 Kit Boxes 11 12 91,67% Very Valid
Manual Book
6 Views 30 36 83,33% Very Valid
7 Language Eligibility 10 12 83,33% Very Valid
Sum 112 132 599,99%
Average 16 18,85 85,71% Very Valid

From the results of the media expert validity test, an average number of scores
of 112 was obtained from the average ideal score of 132. The score obtained is then
calculated using an equation so that an average percentage value of 85.71% is obtained.
The results are then interpreted based on a table of validity criteria which can be seen in
table 3.5. Based on the table, it can be concluded that the props that have been
developed are on the criteria of "Very Valid”.

The durability aspect of the tool obtaining a percentage value of 75% is on a
valid criterion, where the resistance of each component of the props on the original
stand is strong enough, not easily wobbled or loose. The aspect of the accuracy of the
tool obtaining a percentage value of 83.33% is on a very valid criterion, where the props
have been able to produce a clearly visible diffraction phenomenon and are able to be
used to measure the wavelength of visible light with the resulting wavelength value in
accordance with the theory. The aspect of the effectiveness of the tool obtaining a
percentage value of 83.33% is on the very valid criteria, where the props developed are
portable so that the components of the props can be disassembled and stored in the kit
box. In addition, the props developed are easy to assemble according to the guidelines
from the manual book. The safety aspect for students to obtain a percentage value of
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100% is on very valid criteria, where the props developed do not have a component of
the tool that can harm students. The aspect of the kit box obtaining a percentage value
of 91.67% is on the very valid criteria, where the props are equipped with a kit box or
storage box that can protect the props components from dust and moisture. The display
aspect of the manual book obtained a percentage value of 83.33% is on very valid
criteria, where the type and size of the letters can be read well the image can be seen
clearly and the layout of the writing and images is appropriate. The aspect of language
eligibility obtained a percentage value of 83.33% is on very valid criteria, where the
language used in the manual book already uses good and correct Indonesian rules.
b) Material Expert Validity Test Results

The material expert validity test process is carried out by providing product
assessments by three media expert validators. There are two products that are assessed,
namely props and manual book props. Each validator provides an assessment of the
product that has been developed, with 5 assessment aspects for props and 2 assessment
aspects for the manual book. The 5 aspects of the teaching equipment assessment
consist of tool durability, tool accuracy, tool effectiveness, safety for students and a kit
box or storage box. Then for the assessment aspect, the manual book consists of the
appearance and feasibility of the language.

The result data of each material expert validator can be seen in figure 13 and
figure 14.

Hasil Uji Validitas Ahli Materi terhadap

Hasil Uji Validitas Ahli Materiterhadap Alat Mannal Book Alat Peraga

Peraga =2
o =
t':‘ 2 ; 2
45) 1 21
[

K_Uren'l Peml'mn
Kriteria Penilaian . . .
W Validator 1 mValidator 2 m validator 3 W Validator 1 Validator 2 Validator 3
Figure 13. Material Expert Validity Test Figure 14. Material Expert Validity Test
Results on Props Results against the Props manual book

As for the details of the results of the material expert validity test, it can be seen
in table 4.

Table 4. Material Expert Validity Test Results
Score Ideal
Acquisition  Score

No Assessment Aspects Percentage Criteria

Props
p  Linkage with Teaching 36 36 100%  Very Valid
Materials
2 Educational Value 24 24 100% Very Valid
Manual Book
3 Eligibility of Contents 57 60 95% Very Valid
4 Eigibility of 33 36 9167%  Very Valid
resentation
6 Language Eligibility 11 12 91,67% Very Valid
Sum 161 168 478,34%
Average 32,2 33,6 95,69% Very Valid
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From the results of the material expert validity test, an average number of scores
of 161 was obtained from the average ideal score of 168. The score obtained is then
calculated using an equation so that an average percentage value of 95.69% is obtained.
The results are then interpreted based on a table of validity criteria that can be seen in
table 2. Based on the table, it can be concluded that the props that have been developed
are on the criteria of "Very Valid.

Aspects the relationship with teaching materials obtaining a percentage value of
100% is on very valid criteria, where the props are in accordance with the concept of
light waves and can be used to explain the concept of diffraction. The aspect of
educational value obtaining a percentage value of 100% is on very valid criteria, where
props props are in accordance with the level of intellectual development of students and
are able to foster student learning motivation. The feasibility aspect of the content
obtaining a percentage value of 95% is on very valid criteria, where the material
guidance contained in the manual book is in accordance with KD 4.10 (Physics grade
11) and in accordance with the concept of light waves. The results of the assessment
also show that the assembly instructions have been able to provide convenience in the
preparation of props and experimental procedures that have provided convenience in
conducting experiments. The feasibility aspect of the content obtaining a percentage
value of 91.67% is on very valid criteria, where what is contained in the manual book
has been arranged systematically, in accordance with the concept of light waves and in
accordance with the level of development of students. The content eligibility aspect
obtained a percentage value of 91.67% is on very valid criteria, where the sentence

structure used in the manual book is in accordance with the level of mastery of students.
d. Implementation

This stage is the product trial stage, by implementing products that have been
developed in physics learning activities. The subjects of the research trial were students
of class X1 MIPA at SMAN 3 Tasikmalaya for the 2022/2023 school year with a student
population of 276 people. Meanwhile, to determine the sample of the population, using
the Slovin formula with a sampling error of 5%. The following is a breakdown of the
results of the sample determination can be seen in table 5.

Table 5. Sample Determination Results

Jumlah ne N
Populasi 1+ Nie)?
276
T 1+276(5%)2
276
T

276 T 1+276(0.0025) 163
276

1,69
n=163.31 ~ 163

n

n

mn

From the calculation results, the number of samples obtained amounted to 163
students.
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The trial was carried out on August 8-10 of the year 2022, by demonstrating the
product in front of students during physics learning activities. At the end of the learning
process, students are asked to respond through the questionnaire given. The
questionnaire is used for practicality testing, which aims to measure the level of
practicality of the product that has been developed. The recapitulation data of the
practicality test results can be seen in figure 15 and figure 16.

Hasil Uji Respon Peserta Didi Hasil Uji Respon Peserta Didik
terhadap Alat Peraga terhadap Manual Book Alat
4 Peraga
4
35 32231500331 33
’ 3,01 3,5 318 3,24
3 277 B 3,06 > 3,12 3,15
g g s
2 25 Z
t'_J‘-[J [=1"] 2,5
coc £ 2
T 3}
e 15 K15
1 1
1 2 3 4 5 6 7 i 2 3 4 5
Kriteria Penilaian riteria Penilaian
M Rata-rata Perolehan skor m Rata rata Perolehan skor

Figure 15. Results of the Student Response  Figure 16. Results of the Student Response
Test to The Props Test to the Teachings Manual Book

As for the details of the results of the student response test, it can be seen in
table 5.

Table 5. Sample Determination Results

Average

No  Product Number — Ideal Percentage Average
of Scores  Score Percentage
Earned

22,06
1 Props 22,06 28 28 % 100% = 78,795
W 1; » 78,74%
anua : _ _
2 Book 15,74 20 20~ 100% = 78.70%

From the results of the student response test, the average number of scores
obtained for props was 22.06 from the ideal score of 28 and the average number of
scores obtained for the manual book of props was obtained of 15.74 from the ideal score
of 20. The score obtained was then calculated using equation, so that a percentage value
of 78.79% was obtained for props and 78.70% for manual book props. Meanwhile, the
overall average obtained a percentage value of 78.74%. The results are then interpreted
based on a table of practicality criteria which can be seen in table 2 . Based on the table,
it can be concluded that the props that have been developed are on the "Practical”
criterion.
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In addition to students, practicality tests are also aimed at physics teachers. The
practicality test process by physics teachers is carried out by providing product
assessments by physics teachers at SMAN 3 Tasikmalaya. Physics teachers give an
assessment of the products that have been developed, by filling out a questionnaire
consisting of 7 questions for props, and 4 questions for the props manual book. The data

on the results of the physics teacher's assessment can be seen in the following figure 17
and figure 18.

Hasil Uji Penilaian Guru Hasil Uji Penilaian Guru
Fisika terhadap Alat Peraga Fisika terhadap Manual Book
Alat Peraga

| | | 4 ‘
I I 1 6 7
1 2 3 - 5

4

w
MW

=

[
[y

2 3 4 5
Kriteria Penilaian

Rentang Nilai
%]
Rentang Nilai

Kriteria Penilaian

Figure 17. Physics Teacher Assessment
Results on Props Figure 18. Physics Teacher Assessment
Results on Manual Book Props

As for the details of the results of the physics teacher assessment, it can be seen
in table 6.

Table 6. Physics Teacher Assessment Test Results

Average
No Product Number of Ideal Percentage Average
Scores Score Percentage
Earned
18
1 Props 18 20 20 % 100% = 90%
| 7; 84,28%
Manua L _
2 Book 22 28 28 X 100% = 78,57%

From the assessment results of physics teachers, the average number of scores
for props was obtained by 18 out of the ideal score of 20 and the average number of
scores obtained for the manual book of props was obtained by 22 out of the ideal score
of 28. The score obtained is then calculated using equation, so that a percentage value of
90% is obtained for props and 78.57% for manual book props. Meanwhile, the overall
average obtained a percentage value of 84.28%. The results are then interpreted based
on a table of practicality criteria which can be seen in table 2. Based on the table, it can

be concluded that the props that have been developed are on the criterion of "Very
Practical".
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e. Evaluation

Based on the results of product trials, it can be known that the physics props for
measuring light wavelengths based on Arduino Uno with the diffraction lattice method,
have met the practical criteria for use in learning the physics of light wave material. As
for the advantages of this prop, props are able to visualize the phenomenon of
diffraction while being able to produce the data needed to measure the wavelength of
light and are integrated directly in one system. However, from the results of product
trials, it also shows that there are still many students who find it difficult to use props if
done independently. This is a shortcoming in itself, so there needs to be a more detailed
explanation regarding the use of teaching aids according to the reference from the
manual book before conducting experiments, and there is a need for assistance from
teachers in conducting experiments.

CONCLUSION

Based on the results of research and development of arduino uno-based light
wavelength measuring physics props with the diffraction lattice method, the following
conclusions can be obtained.

Based on the results of the media expert validity test, the validity level of the
arduino uno-based light wavelength measuring physics props with the diffraction lattice
method is on the "Very Valid" criterion, with a percentage gain of 85. 71%. Then,
based on the results of the material expert validity test, the validity level of the arduino
uno-based light wavelength measuring physics props with the diffraction lattice method
is on the "Very Valid" criterion, with a percentage gain of 95.69%.

Based on the results of practicality tests conducted through student response
tests, the level of practicality of arduino uno-based light wavelength measuring physics
props with the diffraction lattice method is on the "Practical" criterion, with a
percentage gain of 78.74%. Meanwhile, based on the results of practicality tests
conducted through the assessment of physics teachers, the level of practicality of
arduino uno-based light wavelength measuring physics props with the diffraction lattice
method is on the "Very Practical” criterion, with a percentage gain of 84.28%.
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