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This study is intended to develop and examine the validity of a chemistry 
learning medium based on the Flipped Periodic Table website for grade 
10 senior high school students on electron configuration material. The 
developed medium takes the form of an interactive digital periodic table 
with card-based features, electron configuration input, voice feedback, 
and a leaderboard to enhance student engagement and learning 
motivation. This study adopted a Research and Development (R&D) 
approach based on the ADDIE model, encompassing five phases: 
analysis, design, development, implementation, and evaluation. Media 
validity was evaluated by material experts and media expert using 
validation instruments covering aspects of conceptual accuracy, learning 
relevance, language clarity, visual quality, accessibility, and interactivity. 
The validation findings showed that the learning media fell into the 
highly valid category, with scores of 93.00% from material experts and 
96.00% from the media expert, yielding an overall validity of 94.50%. 
Student response analysis conducted in classes X-5 and X-9 showed 
positive responses, with a total percentage of 89.40%, classified as highly 
valid.  Qualitative findings revealed that students perceived the learning 
process as more interesting and challenging and were supported in 
understanding electron configuration through independent practice. 
These results indicate that the Flipped Periodic Table is suitable for use 
as an alternative instructional medium to enhance students’ 
understanding and motivation in learning electron configuration. 
 
Keywords: Learning Media, Electron Configuration, Interactive Website, 
Media Validity, Media Development 

 

1. Introduction 

  The advancement of Science and Technology (IPTEK) in the 21st century has led to 

substantial changes in education, particularly in relation to the competencies expected of 

students. Education is expected to develop human resources equipped with 21st-century skills 

such as creativity, innovation, collaboration, communication, and critical thinking and problem-
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solving (4Cs) as indicators of readiness to face the Society 5.0 era, which is marked by the 

integration of digital technology across various aspects of life (Trixie et al., 2024). In line with 

that, Christy et al. (2023) emphasized that future generations need to be equipped with technical 

and soft skills to play an effective role in the era of globalization. The integration of technology 

in learning has become a strategic necessity rather than an option, as it supports the creation of 

learning experiences that are relevant, adaptive, and meaningful (Sunarya et al., 2024), this 

condition requires teachers to continuously innovate in developing technology-based learning 

media and resources that align with the characteristics of Generation Z who tend to prefer visual 

and interactive learning while also fostering active learning experiences that promote higher-

order thinking skills (Kusasi et al., 2024; Benesova & Tupa, 2017). 

  In chemistry learning, the existence of technology-based learning media is very 

important considering the characteristics of chemistry that are abstract, conceptual, and 

interrelated (Silaban et al., 2023). This is because, to date, chemistry learning still faces 

fundamental problems, especially in the learning approach, media utilization, and student 

understanding (Kholid et al., 2024; Suhardi et al., 2024). Chemistry instruction is still largely 

dominated by lecture-based approaches and the reliance on textbooks as the primary learning 

resource, making it predominantly teacher-centered and limiting students’ opportunities to 

independently explore concepts (Magdalena et al., 2021). This condition has an impact on the 

low motivation and activeness of students, especially in abstract and conceptual chemistry 

materials. In line with that, a number of studies have also revealed that the difficulty of learning 

chemistry is caused by the high level of abstraction of concepts, students' inability to connect 

macroscopic, sub-microscopic, and symbolic representations, and the lack of visualization 

support in learning (Taber, 2013; Johnstone et al., 2018) 

  One of the basic and crucial materials in chemistry is the configuration of electrons. 

Mastery of this material is an important foundation for the understanding of later chemical 

materials, such as the periodic system of elements, chemical bonds, and elemental reactivity 

(Hijriansyah et al, 2024). However, electron configuration is a concept that is difficult for 

students to understand because it is very abstract and cannot be observed directly in daily life, 

so it often causes misconceptions and difficulties in building a complete understanding of 

concepts. Based on research by Prayitno & Nugroho (2023), it shows that as many as 38% of 

students experience misconceptions, 23% have understood concepts correctly, 17% have made 

mistakes in answering, and 22% have not adequately understood the concept of electron 

configuration. This is because students fail to reconstruct abstract concepts correctly, so that 

wrong understanding continues to be carried over and hinders the understanding of advanced 

chemistry concepts. In addition, in the research of Herdien, R. A. (2024), from 35 students, it 

is known that in the subconcept of electron configuration, there is still a misconception of 

34.29%, which shows that students have difficulty in determining the electron configuration of 

an element. In addition, misconceptions also occurred in the determination of valence electrons 

with a percentage of 31.43%. Therefore, the right learning media is needed so that learning 

goals are achieved optimally. Learning media not only function to convey information, but also 

play a role in increasing students' interest and learning outcomes (Basri et al., 2024; Shirley & 

Shirley, 2024; Mufidah & Nasution, 2024). Digital learning media in chemistry education 

includes interactive simulations, virtual labs, video demonstrations, online quizzes, and digital 

platforms in the form of interactive websites (Kumar, 2025). One type of learning media that 

offers effective visualization is web-based learning media, as it enhances interactivity in the 

learning process and helps increase students’ motivation to learn (Ahyan et al., 2022) 

  Web-based learning media has great potential to answer these problems because it is 

able to integrate text, visuals, audio, and interactive elements in one learning platform. Studies 
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show that the use of interactive web media in chemistry learning can improve students' concept 

understanding, learning motivation, and high-level thinking skills as students are actively 

involved in the learning process (Iyamuremye et al., 2023). Web-based learning facilitates 

access to learning materials that are flexible, interactive, and responsive to students' needs, 

including self-paced learning, which is an important skill in 21st century learning (Huang & 

Pei, 2024). Other research shows that web-based learning can significantly improve students' 

self-study and self-regulation skills, which contributes to better chemistry learning outcomes 

compared to traditional learning (Indriani et al., 2023).  

  Several previous studies have indicated that the development of web-based media in 

chemistry learning makes a significant contribution to enhancing students’ conceptual 

understanding, learning motivation, and critical thinking skills (Pertiwi et al., 2024; Cotiangco 

et al., 2024; Syafruddin et al., 2024). This is also in line with the research of Rahmatsyah et al. 

(2021) which shows that the integration of interactive visuals in website media in elemental 

periodic system materials is able to improve learning outcomes and student engagement 

compared to conventional learning. Meanwhile, Riska et al. (2025) also shows that interactive 

website media on atomic structure materials can facilitate the understanding of submicroscopic 

and symbolic representations in abstract concepts more effectively so as to support independent 

and meaningful learning. Research by Suryapranata et al. (2023) shows that the use of 

gamification with visual novels can increase students' learning motivation, but the focus of 

development is still on the introduction of elements in the periodic table in general and has not 

specifically trained students in compiling electron configurations. Lalu Nsabayezu et al. (2023) 

developed an online periodic table that connects to external sources of information such as 

Wikipedia to help students access atomic numbers, chemical properties, and periodic trends of 

elements. The media functions as a means of exploring elemental information, but it has not 

been designed as a learning environment that actively and independently trains students in 

writing electron configurations. Similarly, research by Mandasari et al. (2021) developed 

electron configuration learning media that emphasizes conceptual aspects, such as the 

introduction of atomic structure, constituent particles of atoms, atomic numbers, mass numbers, 

and the process of forming electron configurations, so that it functions more as an informative 

medium than a constructive training medium. Meanwhile, Wijayanti et al. (2021) has integrated 

electron configuration exercises in learning media, but it is packaged in the form of 25 multiple-

choice questions so that it has not facilitated students to practice writing electron configurations 

openly on all elements in the periodic table and has not been visualized in the context of an 

interactive periodic table. In addition, the learning media developed by Faisal et al. (2021) is a 

media that also facilitates students to fill in electron configurations but is still based on ICT 

where not all devices can access. The research also emphasizes the conversion of media on a 

website-based basis so that it can be accessed by all mobile devices.  

  Therefore, there is a research gap, namely the absence of a website-based learning media 

that explicitly integrates the practice of writing electron configurations into the interactive 

periodic table visual as the main learning environment and is equipped with feedback 

mechanisms through audio and visuals and a leaderboard system) both at the class and global 

levels. Most of the existing media are still informative, procedural, or closed evaluative 

(multiple choice) so they have not fully trained students to construct electron configurations 

independently, openly, and contextually within the framework of elemental periodic systems. 

Accordingly, the development of a website-based learning medium called the “Flipped Periodic 

Table” for electron configuration topics is proposed, integrating practice in writing electron 

configurations directly within interactive periodic table visuals, featuring a leaderboard, and 

incorporating audio as feedback. 
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2. Methods 

  This study applies the Research and Development (R&D) approach using the ADDIE 

model, which includes five stages: analysis, design, development, implementation, and 

evaluation (Branch, 2009).  In the field of education, this method is used to develop learning 

media, teaching materials, or learning tools that can improve the quality of the teaching and 

learning process. (Read et al., 2024; Juniar et al., 2023; Putri et al., 2025). Visually, the stages 

of the ADDIE model in development research to produce a website-based Flipped Periodic 

Table learning media are presented in Figure 1.  
 

Figure 1 

Research steps for the development of flipped periodic table learning media 

 

 

 The analysis phase involves identifying learning needs and issues. The design phase focuses on 

designing the media and developing the content. The development phase involves creating the 

media and having it validated by experts. The implementation phase involves piloting the media 

with students to gather feedback. The evaluation phase is conducted formatively at each stage 

to assess and refine the media based on expert validation results and student feedback. 

  The research sample used cluster random sampling technique with class X-5 (19 

students) and class X-9 (27 students) at SMA Negeri 6 Malang City. Data analysis was 

conducted through validation tests involving a panel of expert validators in both material and 

media, aimed at evaluating the feasibility and quality of the instructional material and its 

presentation. Validation includes assessing material suitability, clarity of presentation, and 

media interactivity. In addition, students' responses and responses to the media were also 

collected through questionnaires with a likert scale of 1-5 to see the acceptance rate, ease of 

use, and appeal of the media (Juniar et al., 2023).  Validity analysis was carried out through 

construct validation by two material experts and one media expert. The assessment is given 

using a Likert scale of 1-5, then the score obtained is analyzed using the formula in Equation 

(1) and converted into percentage form to determine the feasibility level of the product based 

on the criteria set in Table 1. (Nurussalma et al., 2024). 

 

Validity = (Score obtained / Total score) × 100% ……… (1) 
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Table 1. 

Product Validity Criteria 

Percentage  Criteria 

81.25% < P ≤ 100% Highly Valid 
62.5% < P ≤ 81.25% Valid 
43.75% < P ≤ 62.5% Quite Valid 
25% < P ≤ 43.75% Invalid 

(Nurussalma et al., 2024) 

 

3. Result and Discussion 

  This study aims to develop and validate a website-based Flipped Periodic Table learning 

media using the ADDIE model. The feasibility of the media was evaluated through validation 

by material experts, a media expert, and student responses, all of which indicated that the 

developed media is appropriate for use in chemistry instruction, particularly on electron 

configuration topics. 

 

3.1 Analysis Stage 

During the analysis phase, the research focused on identifying learning needs and issues 

arising in the chemistry learning process, particularly regarding the topic of electron 

configuration in 10th-grade high school classes. The analysis was conducted through direct 

observation of classroom learning activities and the distribution of a questionnaire on 

instructional media needs to teachers in order to obtain more structured data regarding learning 

conditions and media needs. This phase aimed to provide a realistic picture of learning 

conditions and student characteristics.  

Based on the results of the analysis of the curriculum used, chemistry learning at the 

high school level, especially in grade X of SMA Negeri 6 Malang City, is directed at the 

application of a deep learning approach that emphasizes the development of conceptual 

understanding (meaningful), active involvement of students in the joyful learning process, and 

the ability to reflect and relate knowledge to learning experiences (mindful). The deep learning 

approach demands a learning process that is not only oriented to the delivery of information, 

but also to the creation of learning experiences that encourage students to actively explore, 

understand, and build their knowledge independently (Yang, 2023; Feriyanto & Anjariyah, 

2024; Kovač et al., 2025).  

The results of a needs analysis conducted via a questionnaire administered to teachers 

indicate that the instructional media currently in use are still dominated by PowerPoint and 

other simple media, and that the utilization of interactive digital media has not yet been 

optimized. Teachers also stated that the use of instructional media significantly influences 

student engagement and that more interactive and easily accessible media are needed to help 

students understand the material. In line with this, the results of classroom observation indicate 

that instruction remains teacher-centered, with textbooks serving as the primary resource, 

leading students to adopt a passive role in the learning process. This is evidenced by low student 

participation in discussions, a reluctance to ask questions, and a tendency for students to merely 

absorb information without further exploring the subject matter.  

Findings in previous studies suggest that teacher-centered learning is often associated 

with one-way knowledge transfer in which students are positioned as passive recipients, without 

encouraging active engagement in chemistry learning (Fichtner & Groß, 2025). In addition, 

other research has also revealed that classes dominated by traditional lectures provide a passive 
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learning experience for students and negatively impact their motivation and ability to 

participate, ask questions, or dig into further material (Deslauriers et al., 2019). From the 

analysis that has been carried out, it is necessary to facilitate optimal chemistry learning that 

can make students more active so that they can increase their participation and motivation, 

especially in materials with difficult concepts such as electron configuration. 

During the student analysis process, it can be seen that class X students have 

characteristics as a digital generation who are used to using technological devices in their daily 

lives. However, the use of this technology has not been optimally integrated in chemistry 

learning in schools. Students are also more interested in learning that involves interactive 

activities, challenges, and direct feedback on the answers given. This indicates the need for 

learning media that is able to realize students' needs for digital media by involving interactive 

and challenging activities. 

Based on the results of the analysis, it can be concluded that learning chemistry on 

electron configuration materials requires innovative learning media that is able to increase 

students' activeness, motivation, and understanding of concepts. One of the solutions offered in 

this study is the development of a website-based learning media in the form of a Flipped 

Periodic Table. 

 

3.2 Design Stage 

 The findings from the analysis in the previous stage, it was found that chemistry 

instruction on the topic of electron configuration is still dominated by teacher-centered 

methods, with limited and lack interactivity, which contributes to reduced levels of student 

participation and motivation. Additionally, the analysis revealed that students, as members of 

the digital generation, require learning media that is interactive, challenging, and provides 

immediate feedback. Based on these findings, the design phase developed a website-based 

learning medium in the form of a Flipped Periodic Table tailored to the identified needs: the 

need for interactive media that provides immediate feedback and enhances student engagement. 

Therefore, the design of the media focused on providing an interactive periodic table feature in 

the form of digital element cards that students can fill out independently, equipped with an 

immediate visual and audio feedback system to help students understand their mistakes and 

correct their answers. Furthermore, to boost student motivation and engagement, the media was 

also designed with gamification features, such as a leaderboard displaying points earned based 

on students’ success in completing tasks. 

 The design stage begins with the determination of the media concept, as well as the form 

of interaction that will be provided in the media. Media Flipped Periodic Table is designed as 

an interactive digital periodic table that contains chemical elements from the main group and 

transition group in the form of element cards according to the order of the group and period. 

Each element card is equipped with an electron configuration fill field that the student must fill 

in independently. This design aims to encourage students to independently build their 

understanding of concepts through the process of trying, evaluating, and reflecting on their own 

answers. Once the media concept is defined, the next stage is the preparation of the media 

framework and the determination of the main components that should be present in the Flipped 

Periodic Table. Media components include: opening pages, interactive periodic table displays, 

digital element cards, electron configuration fields, feedback systems, leaderboards, and 

supporting audio elements. The design of the media interface pays attention to the principles of 

simplicity, consistency of layout, the selection of contrasting and attractive colors, and the ease 

of navigation so that the media is easy for students to use. 
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 Interactivity is the main focus in this design phase. When students fill in the electron 

configuration correctly, the element card will flip and display the correct electron configuration 

along with a more attractive card color and audio feedback in the form of a correct answer 

sound. Conversely, if the answer is incorrect, the card will not be flipped over and the student 

will receive corrective audio feedback. This hands-on feedback is designed to help students 

quickly spot mistakes and improve their understanding. This design is in line with the 

multimedia learning theory which states that the combination of visual, text, and audio can be 

able to help deliver more meaningful information, thereby increasing students' understanding 

of the concept of learning (Abdulrahaman et al., 2020). In addition, the Flipped Periodic Table 

is also designed with a gamification feature in the form of a leaderboard that displays student 

points based on the number of element cards that have been successfully reversed. Each card 

answered correctly awards one point, thus encouraging students to keep trying and completing 

challenges. The addition of this competitive element is supported by international research 

findings that indicate that gamification in digital learning can increase learning motivation, 

student engagement, and positive attitudes towards learning (Chans & Portuguez Castro, 2021).  

To strengthen students' emotional engagement, this media is equipped with competitive 

background music during the exploration process. The music and sound effects are designed 

not to interfere with concentration, but serve as a reinforcement of a more interesting and 

enjoyable learning atmosphere. Research shows that audio use has been shown to correlate 

positively with student motivation and engagement in learning (Erlitaviana & Tyas, 2025). In 

addition, the color change on the element card that is successfully reversed also serves to help 

increase the appeal of the media. 

Thus, the design stage of the Flipped Periodic Table emphasizes the integration of 

interactivity, visualization, audio, and gamification in one website-based medium. This medium 

is designed to facilitate active learning, help students relate electron configurations to the 

location of elements in the periodic system, and make abstract concepts more concrete and 

easier to understand. This media design is expected to be able to answer the learning needs that 

have been identified at the analysis stage and become a strong basis for the next stage of 

development and validation. 

 In addition, during the design phase, research instruments were developed, including 

subject matter expert validation sheets for material experts, validation sheets for media expert, 

and questionnaires intended to obtain students' responses. These instruments were designed to 

assess the suitability of the developed instructional media in terms of content appropriateness, 

media quality, and user acceptance. The expert validation sheets were used to obtain evaluations 

and feedback from experts regarding the content and design of the media, while the student 

response questionnaires were used to determine students’ perceptions of the use of the Flipped 

Periodic Table media during the implementation phase. 

 

3.3 Development Stage 

The development stage aims to realize the design of the website-based Flipped Periodic 

Table media into a learning product that is ready to be tested for feasibility. At this stage, the 

media is developed according to the design that has been set in the previous stage by utilizing 

several web developer platforms and adjusting the learning needs of the high school class X 

electron configuration material.  

The product developed consists of several main components, namely the home page, 

user authentication feature (register and login), the main page of the Flipped Periodic Table, 

and the leaderboard. The home page displays the media title, a brief description, and a "Start 

Learning" button that directs users to register or log in shown in Figure 2. 
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Figure 2 

Home page flipped periodic table 

 

 

 

The registration and login system on the Flipped Periodic Table website is implemented 

as a user authentication mechanism that supports learning continuity. As shown in Figure 3, 

new users can register by filling in the basic identity and selecting a class (e.g. X-5 or X-9), so 

that the system is able to group learning data based on their respective classes. Furthermore, 

registered users can log in again to continue learning and game activities according to the 

progress that has been saved previously, as shown in Figure 4. 

 

Figure 3 

Registration page for new users 

 

 

 

Figure 4 

Login pages for existing users 
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Once the user has successfully logged in, the design of the Flipped Periodic Table main page 

that has been set in the design stage is realized into the form of a fully functional interactive 

website. The initial view of the main page when accessed is shown in Figure 5., where the 

periodic table is not yet fully visible on a single screen. Therefore, users need to scroll down to 

display the entire periodic table in full, as shown in Figure 6. 

 

Figure 5 

Home page flipped periodic table (scroll up) 

 

 

 

 

 

Figure 6 

Home page flipped periodic table (scroll down) 

 

 

 

The periodic table of the elements of the main group and the transition group is implemented 

in the form of an interactive digital card that can be operated directly by the user. All navigation, 

leaderboard, and voice management components are developed and integrated into the system 

so that they can run as they should. As shown in Figure 7., users can enter electron 

configurations based on subshells on the columns available on each element card. If the answer 

given is correct, the element card will be inverted and display the correct electron configuration 

with positive sound feedback. Conversely, if the answer is incorrect, the card does not reverse 

and the system provides corrective feedback in the form of different sound effects. In addition, 

users are also provided with features for. 
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Figure 7 

Display of electron configuration input columns, inverted element cards, and system 

navigation. 

 

 

 

In addition, the leaderboard system displays the user's score based on the number of 

element cards successfully reversed, with each card worth one point. These leaderboards are 

differentiated into global rankings that display the accumulated user scores of different classes, 

and local rankings that only display the user's score gains in one specific class, as shown in 

Figure 8. This leaderboard feature is expected to create healthy competition between students 

through a comparison of score achievements that can increase learning motivation, active 

engagement, and encouragement to achieve a better understanding of electron configuration 

materials. 

 

Figure 8 

Global leaderboard and class leaderboard view 

 

 

 

After the Flipped Periodic Table learning media has been developed, the next stage is a 

validation test to assess the product’s feasibility. Validation was carried out by media expert 

and material experts using the same assessment criteria as a eligibility reference, as shown in 

Table 1. The media expert in this study is one of the teachers at SMA Negeri 6 Kota Malang, 

while the material expert consists of class X chemistry teachers. The validation process aims to 

assess the suitability of the media with the learning objectives, the accuracy and correctness of 

the electron configuration concept, as well as the quality of the display, interactivity, and 

functionality of the learning media. 

The web-based Flipped Periodic Table learning media is subjected to validation by 

material experts to evaluate the feasibility of its content and suitability of the electron 

configuration material with the objectives of class X chemistry learning. The material experts 

in this study consisted of two 10th-grade chemistry teachers with direct experience teaching the 

topic of electron configuration in school. The material expert validation focused on several key 

aspects, including conceptual accuracy, learning fit, language clarity, and concept 
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understanding support. The assessment data from both validators were then processed using the 

following formula:  

 

𝑋̅ =
𝑉1 + 𝑉2

2

 

The results of the assessment from the material experts are presented in Table 2. 

 

Table 2. 

Material experts’ validation score 

Assessment 
Aspects 

V1 V2 Scores 
Obtained 

Total 
Score 

Percentage Remarks 

Conceptual 
Accuracy 

20 19 19.5 20 97.5% Highly Valid 

Learning Fit 9 9 9 10 90% Highly Valid 
Language Clarity 9 9 9 10 90% Highly Valid 
Concept 
Understanding 
Support 

9 9 9 10 90% Highly Valid 

Total Score   46.5 50 93% Highly Valid 

 

Based on the results of the validation, the learning media obtained a validity percentage of 93%, 

so it is included in the category of being very valid in terms of material content. The electron 

configuration material presented is in accordance with the correct scientific concept and is able 

to represent the relationship between electron configuration and the location of elements in the 

periodic system in a clear and systematic manner. 

Besides undergoing validation by material experts, the website-based Flipped Periodic 

Table learning media was also tested for feasibility by media expert. The media expert validator 

in this study is a teacher at SMA Negeri 6 Malang who has competence and experience in the 

use and evaluation of technology-based learning media. Media expert validation is conducted 

to evaluate the quality of media from the aspect of interface display, usability, text readability, 

color and design quality, navigation consistency, as well as interactivity and voice feedback 

functions contained in the media. The results of media experts' assessments of the Flipped 

Periodic Table media are presented in Table 3. 

 

Table 3. 

Media expert validation score 

Assessment Aspects Scores 
Obtained 

Total 
Score 

Percentage Remarks 

Accessibility and Interactivity 15 15 100% Highly Valid 
Visual and Design Quality 19 20 95% Highly Valid 
Typography and Language 14 15 93% Highly Valid 
Total Score 48 50 96% Highly Valid 

 

Based on the results of the assessment by the media expert, the learning media obtained a 

validity percentage of 96%, so it is included in the category of being very valid and feasible to 

be used in chemistry learning. The media display is considered attractive, the layout of the 

components is easy to understand, and the navigation between pages runs well. Interactive 
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features in the form of reversible element cards, voice feedback for correct and false answers, 

and a leaderboard system are considered capable of enhancing the media’s attractiveness and 

promoting active student participation in the learning process. 

 

Table 4. 

Flipped Periodic Table validation score 

Validator Scores 
Obtained 

Total Score Percentage Remarks 

Material Experts 46.5 50 93.00% Highly Valid 
Media Expert 48 50 96.00% Highly Valid 
Total Score 94.5 100 94.50% Highly Valid 

 

Based on Table 4, the overall validation results of the Flipped Periodic Table media show a 

very high level of validity. The total score obtained was 94.5 out of a maximum score of 100 

with a percentage of 94.50%. This percentage is in the very valid category, which indicates that 

the learning media developed has met the feasibility criteria both in terms of content and overall 

appearance. 

The revision stage is an important part of the development process of Flipped Periodic 

Table learning media based on the website, which is carried out after obtaining advice from 

material experts and media expert. The revision aims to improve the quality of the media to be 

in accordance with pedagogical standards, conceptual correctness, and characteristics of high 

school class X students. Suggestions from validators are displayed on table 5. 

 

Table 5. 

Validator advice 

Validator   Suggestions 

Media Expert Add more colorful elements to the atomic card to make it more appealing 
to students  

Material Expert 1 The writing of the electron configuration of the Wolfram element must pay 
attention to the rules of writing the aufbau principle 

Material Expert 2 Writing electron configurations for subshells d and f using the aufbau 
principle  

 

Based on suggestions given by material experts and media expert, several improvements to the 

Flipped Periodic Table media have been made to improve the readability, visual appeal, and 

scientific suitability of the content. One of the main inputs from media validators is the need to 

add color variations to atomic cards. Other studies show that the color of the learning 

environment affects students' attention and perception, so the appropriate use of color in 

learning media can increase students' cognitive and emotional engagement with the material 

(Akram et al., 2025). The revision to the media was made by adding several different color 

elements to the atomic card that was successfully inverted in the periodic table of Figure 9. 
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Figure 9 

Display of color elements on media 

 

 

 

In addition, material experts suggest improvements to the rules of writing electron 

configurations, especially for elements with complex configurations such as Wolfram (W). This 

suggestion led to an adjustment of the writing to be fully in line with the Aufbau principle, 

which is a fundamental rule in determining the order of electron charge based on the energy of 

the orbital subshell.  

The revision results indicate that the developed media fulfills the feasibility criteria as 

a learning tool for teaching electron configuration in chemistry. Not only does this media 

present scientifically correct content, but it is also designed to encourage active student 

engagement through interactivity, direct feedback, and gamification elements. Thus, the 

Flipped Periodic Table is ready to proceed to the implementation stage in supporting chemistry 

learning in grade X of high school.  

 

3.4 Implementation Stage 

The implementation stage is a trial stage of a website-based Flipped Periodic Table 

learning media in chemistry learning activities on electron configuration materials in class X of 

high school. This stage aims to determine the implementation of the use of media in the context 

of real learning and to obtain an initial overview of students' responses to the media used in 

learning. 

The implementation of the media was carried out through a limited trial involving 

students in grades X-5 and X-9. The media trial began with an explanation by the teacher about 

the electron configuration material as the theoretical basis that students need before interacting 

with the media. Furthermore, students use the Flipped Periodic Table media independently with 

the assistance of teachers. Learning at this stage is carried out by applying a Deep Learning 

approach that is oriented towards aware, encouraging, and meaningful learning. In the context 

of this approach, the Flipped Periodic Table media plays an encouraging aspect, namely 

creating an interactive, challenging, and fun learning experience, thus encouraging students' 

active involvement in understanding the concept of electron configuration. 

To support the creation of an encouraging and challenging learning atmosphere, this 

media is equipped with gamification elements in the form of a leaderboard feature. During the 

process of using media, the existence of the leaderboard feature has an influence on student 

involvement and activeness in learning. Students show enthusiasm to complete more elements 

to earn higher points. as well as trying to correct mistakes and try again in order to improve 

their position on the leaderboard. This shows that the leaderboard feature serves as a trigger for 

motivation and healthy competition that encourages students to be more active and focused, 

and enthusiastic in following learning. This is in line with the results of Zhang & Watson's 
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(2025) research, which states that interactively designed digital learning media can increase 

students' motivation and interest in learning. 

Beyond enhancing motivation, the use of leaderboards also promotes greater interaction 

among students as well as between students and teachers, especially in discussing mistakes and 

electron configuration strategies, thereby helping students reflect on the understanding of the 

concepts learned. Ippoliti et al. (2022) states that digital-based interactive learning resources 

increase student engagement with the material compared to traditional approaches. 

At the implementation stage, student responses to the use of Flipped Periodic Table 

learning media were collected. Student responses were collected using a Likert scale 

questionnaire of 1-5 which aimed to find out students' perceptions of the quality and feasibility 

of the learning media developed. The questionnaire covers several aspects, including the 

appearance and design of the media, the ease of use of media, media interactivity, the level of 

students' interest and motivation to learn, the suitability of the material, and its impact on 

student understanding. Student responses were obtained from classes X-5 and classes X-9 as 

media implementation test subjects. The response data of students in grades X-5 is presented in 

Table 6., while the response data of students in grades X-9 is presented in Table 7. The Likert 

scale questionnaire data obtained was analyzed in a quantitative descriptive manner by 

calculating the total score, average score, and percentage in each aspect of the assessment. The 

results of the analysis are then interpreted based on the feasibility criteria of learning media to 

determine the level of feasibility of Flipped Periodic Table media from the perspective of users 

(students). 

 

Table 6. 

X-5 students' perspective score against the Flipped Periodic Table (19 students) 

Aspects Scores 
Obtained 

Total 
Score 

Average Percentage Category 

Media display and design  156 190 4.10 82.10% Highly 
Valid 

Ease of use (usability & 
accessibility) 

78 95 4.10 82.10% Highly 
Valid 

Media interactivity and features 249 285 4.37 87.37% Highly 
Valid 

Learning motivation and 
engagement 

505 570 4.43 88.60% Highly 
Valid 

Suitability of the material with 
learning objectives 

82 95 4.32 86.31% Highly 
Valid 

Impact on understanding and 
learning outcomes 

163 190 4.29 85.79% Highly 
Valid 

Total Score 1233 1425  86.53% Highly 
Valid 
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Table 7. 

X-9 students' perspective score against the Flipped Periodic Table (27 students) 

Aspects Scores 
Obtained 

Total 
Score 

Average Percentage Category 

Media display and design  245 270 4.54 90.74% Highly 
Valid 

Ease of use (usability & 
accessibility) 

122 135 4.52 90.37%  Highly 
Valid 

Media interactivity and features 374 405 4.62 92.34% Highly 
Valid 

Learning motivation and 
engagement 

739 810 4.56 91.23% Highly 
Valid 

Suitability of the material with 
learning objectives 

125 135 4.63 92.59% Highly 
Valid 

Impact on understanding and 
learning outcomes 

246 270 4.55 91.11% Highly 
Valid 

Total Score 1851 2025  91.41% Highly 
Valid 

 

Table 8. 

X-5 and X-9 students' perspective scores against the Flipped Periodic Table (46 students) 

Classes Scores Obtained Total Score Percentage Remarks 

X-5 1233 1425 86.53% Highly Valid 
X-9 1851 2025 91.41% Highly Valid 
Total Score 3084 3450 89.40% Highly Valid 

 

Based on the results of the questionnaire analysis of the response of students in grades X-5 and 

X-9 to the use of Flipped Periodic Table learning media, a score percentage of 86.53% was 

obtained for class X-5 and 91.41% for class X-9. Overall, the total percentage of student 

responses reached 89.40% with very valid criteria. The findings indicate that the developed 

media was highly well received by students and is deemed appropriate for use in chemistry 

instruction. Judging from the aspect of media display and design, the high scores obtained show 

that students assess that the media has an attractive appearance, a clear layout, and a visual 

design that supports learning comfort. The interactive and modern display of the periodic table 

is able to create a learning atmosphere that is not boring, thus helping to increase students' 

attention during the learning process. In terms of ease of use of media, students' responses 

showed that media is easy to operate through various devices such as mobile phones, tablets, 

and laptops. This indicates that the media has a good level of usability, so that students do not 

experience technical obstacles in accessing or using the features available during learning. 

Furthermore, in the aspect of media interactivity, the results of the questionnaire showed a very 

positive response. The features contained in the Flipped Periodic Table allow students to 

interact directly with the electron configuration material, so that the learning process is not 

passive. This interactivity helps students understand concepts gradually and contextually, while 

increasing student engagement in learning. In terms of interest level and learning motivation, a 

high score percentage indicates that the use of Flipped Periodic Table media is able to increase 

students' interest in chemistry learning. This media makes students more enthusiastic, focused, 

and motivated to learn, especially with support systems such as interactive displays that are 

challenging and fun. In the aspect of material suitability, students assessed that the electron 
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configuration material presented in the media was in accordance with the learning objectives 

and needs of students. The systematic and integrated presentation of the material with the 

periodic table helps students understand the relationship between concepts more completely. 

Finally, in the aspect of impact on student understanding, positive responses showed that the 

Flipped Periodic Table media contributed to improving students' understanding of the concept 

of electron configuration. Students feel more confident in learning and writing down electron 

configurations after using this medium, which ultimately supports improved learning quality. 

Overall, the results of the responses of students in grades X-5 and X-9 showed that the Flipped 

Periodic Table learning media met the criteria for being very valid in all aspects assessed. 

Therefore, this medium is declared suitable for use as a chemistry learning medium in electron 

configuration materials. 

 

3.4.1 Students Responses 

To reinforce these quantitative findings, the researchers also collected qualitative 

student feedback through written statements regarding the use of the “Flip Periodic Table” 

media. The analysis results showed that the majority of students responded positively to the use 

of the Flip Periodic Table media. Some students stated that “chemistry lessons are fun,” 

“learning is really fun,” and “the game is good and fun.” These statements indicate that the use 

of this media was able to shift students’ perceptions of chemistry learning which was previously 

often viewed as difficult and boring into something more engaging and enjoyable. These 

findings align with several studies indicating that learning media integrating gamification 

elements can significantly enhance enjoyable learning experiences and student engagement 

(Nadeem et al., 2023; Li et al., 2024; Nurhikmah et al., 2024). 

Additionally, students reported that they “study more frequently using their phones” and 

found the “ranking system to be engaging and challenging.” This aligns with quantitative data 

on learning motivation, which indicates that gamification elements in the media can boost 

student engagement and the desire for self-directed learning. These statements indicate that the 

“Flipped Periodic Table” media developed is capable of leveraging students’ digital habits to 

support more flexible and self-directed learning. This is consistent with the findings of 

Ardiansyah & Nana (2020), which show that mobile learning-based instruction can improve 

student learning outcomes and serve as a media solution that can be used anywhere and anytime. 

Furthermore, the ranking system as part of gamification has been proven to create an active 

learning environment through healthy competition, and this point system can function as a 

means of providing immediate feedback (Jun & Lucas., 2024; Saleem et al., 2022; Li et al., 

2024). 

Some students also provided constructive suggestions, such as “to make it more 

challenging by setting a time limit per question” and “in the future, create more games like this 

so that learning doesn’t get boring.” These suggestions indicate that students not only enjoy 

using the media but also have expectations for its further development. Beyond the motivational 

aspect, students also stated that “learning becomes easier to understand, especially with practice 

in the ‘Flipped Periodic Table’ media” and “we can practice on our own.” These statements 

reinforce the findings regarding the media’s impact on student understanding, indicating that 

the “Flipped Periodic Table” learning media is not only visually engaging but also effective in 

supporting conceptual understanding of electron configuration material. Similar studies also 

indicate that website-based learning media are not only visually appealing but also help students 

understand abstract chemical concepts in a more concrete way (Dianti et al., 2023; Riska et al., 

2025). 
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Based on both quantitative and qualitative analyses, the Flipped Periodic Table media 

was found to elicit a very positive response from students. Quantitative data indicate a high 

level of media feasibility across all evaluation aspects, while qualitative data reinforce these 

findings through students’ direct experiences and positive impressions during media use. Thus, 

the Reverse Periodic Table is considered suitable for use as a chemistry learning medium and 

has the potential to enhance students’ motivation and understanding of electron configuration 

material. 

 

3.5 Evaluation Stage 

The evaluation phase represents the final step in the ADDIE model, focusing on 

determining the quality and appropriateness of the developed instructional media. In this study, 

evaluation was conducted in the form of formative evaluation (Branch, 2009). 

Formative evaluation is conducted continuously during the design, development, and 

implementation stages to ensure the quality of the developed media. During the design stage, 

evaluation is conducted by reviewing the alignment of the media design with the results of the 

needs analysis, ensuring that the designed media is relevant to the characteristics and needs of 

the students. At the development stage, evaluation is carried out through validation by both 

material and media experts to examine the appropriateness of the content, presentation, 

language, and visual design of the media. The results of this validation are used as the basis for 

revising and refining the media. Furthermore, during the implementation stage, evaluation is 

conducted by collecting student feedback on the use of the media, which includes quantitative 

data in the form of Likert scale questionnaire scores (1-5) and qualitative data in the form of 

student comments and suggestions, to determine the level of practicality, appeal, and student 

engagement in learning. 

Thus, this series of formative assessments ensures that the resulting Flipped Periodic 

Table resource not only meets the academic standards of chemistry but also effectively 

addresses the need for student engagement at State High School 6 in Malang. 

 

4. Conclusion 

            The results of the study indicate that the development of the Flipped Periodic Table 

website-based chemistry learning media on electron configuration material is feasible and 

highly valid as a learning medium. Validation by material experts and media expert obtained 

percentages of 93% and 96%, respectively, with an overall validity of 94.50%, indicating the 

suitability of scientific content, clarity of display, and effectiveness of interactive design in 

supporting students' understanding of the concept of electron configuration and its relationship 

to the periodic table of elements. The revision process based on validator input further 

strengthened the quality of the media in terms of conceptual accuracy and visual appeal. In 

addition, the results of the response questionnaire for students in grades X-5 and X-9 showed 

an overall percentage of 89.40% with a highly valid criterion, indicating that the media received 

very positive responses from students in terms of appearance, ease of use, interactivity, learning 

motivation, material suitability, and its impact on concept understanding. These findings are 

reinforced by qualitative responses from students who stated that learning has become more 

interesting, enjoyable, and easy to understand, and that there has been an increase in motivation 

and independence in learning through challenging gamification elements. Thus, the Flipped 

Periodic Table learning media is not only theoretically valid, but also practical and effective as 

an alternative learning resource in high school chemistry education. 
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