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 Purpose of the study: This study aims to develop Science Literacy-Based Smart 
Card Media on the nervous system material for 11th-grade science students and 

to test its validity, practicality, and effectiveness in improving students’ science 

literacy skills. 

Methodology: The study uses a Research and Development approach based on 
the 4-D model, which includes the stages of define, design, develop, and 

disseminate. The research subjects were 35 11th-grade science students at 

Budisatrya Private High School, Medan. Research instruments included 

interview guidelines, expert-validation questionnaires, teacher and student 
response questionnaires, and pretests and posttests. The data were analyzed 

descriptively using validity percentages, practicality, N-Gain, and a paired-

samples t-test. 

Main Findings: The research results show that the developed media received a 
media expert validation score of 96.42% and a material expert score of 89.06%, 

both of which fall into the very valid category. Practicality tests showed student 

responses of 95% and teacher responses of 98.14%, both categorized as very 

practical. Effectiveness tests showed an increase in average scores from 46 on 
the pretest to 90 on the posttest, with an N-Gain score of 0.81 (80.88%), 

categorized as high. 

Novelty/Originality of this study: The novelty of this research lies in 

integrating PISA science literacy indicators into Smart Card media by presenting 
scientific phenomena, contextual case studies, data interpretation, and problem-

solving activities on the nervous system. Science Literacy-Based Smart Card 

Media is declared valid, practical, and effective, making it suitable for use as an 

alternative Biology learning media to support the strengthening of students’ 

science literacy. 
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1. INTRODUCTION 

The development of science and technology in the 21st century requires learners not only to master 

scientific concepts, but also to have critical thinking skills, problem-solving abilities, make decisions based on 

scientific evidence, and be able to apply knowledge in everyday life [1], [2]. This skill is known as scientific 
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literacy, which is the ability of a person to understand scientific phenomena, explain facts based on scientific 

concepts, critically evaluate information, and use scientific knowledge to solve various real-world problems. 

Scientific literacy is one of the important indicators of education quality because it helps shape human resources 

who can adapt to the development of science and technology [3], [4]. Therefore, learning biology in high school 

needs to be designed not just to focus on mastering the material, but also to help students develop their science 

literacy skills. 

One of the biology topics that requires high-level thinking skills is the nervous system. This topic has a 

complex nature because it covers anatomical structures, the mechanism of nerve impulse transmission, 

coordination of the central and peripheral nervous systems, as well as its connection to various disorders in the 

human nervous system [5], [6]. The complexity of the material makes students often struggle to understand the 

connections between concepts, so learning tends to rely on memorization without deep understanding. This 

situation affects students' ability to interpret biological phenomena, connect concepts to real life, and apply 

knowledge to solve scientific problems. In fact, learning about the nervous system should be able to develop 

analytical skills, scientific reasoning, and science literacy through active, contextual, and meaningful learning 

experiences [7], [8]. 

Based on initial observations at Budisatrya Private High School in Medan, the biology learning process 

on the nervous system topic is still dominated by lectures, textbook use, and simple presentation media. Students 

tend to be passive information receivers, while opportunities for discussion, exploring concepts, or solving 

contextual problems are still limited. This condition results in relatively low learning motivation, less optimal 

learning activities, and students’ science literacy skills not developing fully. Most students still have difficulty 

explaining scientific phenomena, interpreting biological information, and connecting nervous system concepts to 

events they encounter in everyday life. These findings show the need for more engaging, interactive learning 

media that can integrate science literacy indicators into the learning process. 

One alternative learning media that can be developed is smart card media based on science literacy. 

Smart cards are visual learning tools designed in the form of cards containing concepts, images, illustrations, 

questions, case studies, or problem-solving challenges arranged systematically to make it easier for students to 

understand the material step by step. Integrating science literacy components into the cards allows students not 

only to learn biological concepts but also to analyze phenomena, interpret data, draw conclusions based on 

scientific evidence, and connect the material to everyday life. Besides boosting learning activities, smart cards 

can also encourage collaborative learning, increase motivation, strengthen concept retention, and create a more 

enjoyable learning experience. 

Various studies show that the development of biology learning media, such as multimedia interactive 

tools, educational games, digital media, and even flashcards can boost students' motivation and learning 

outcomes. However, most of these studies still focus on improving cognitive aspects and concept mastery, while 

the development of media that explicitly integrates science literacy indicators is still relatively limited [9]. 

Moreover, the learning media that have been developed generally do not yet give students the opportunity to 

develop the ability to explain scientific phenomena, design solutions to contextual problems, and interpret 

scientific evidence as indicators of science literacy according to [10]. In the nervous system material, most 

research focuses more on using visual or multimedia tools to make it easier to understand the structure and 

function of the human nervous system. This approach has been proven to improve students' conceptual 

understanding, but it hasn’t fully developed science literacy skills through activities like case analysis, data 

interpretation, or problem-solving related to nervous system disorders in real life. In fact, nervous system 

material is one of the biology topics with a high level of complexity, so it requires learning media that can 

systematically connect theoretical concepts with real-life phenomena [11]. 

Some previous studies have developed biology learning media, but they still show certain limitations. 

[12] creating effective biology smart cards that improve students' character scores on the immune system 

material. [13] developing smart card media for biology but to improve HOTS in students. [14] developing a 

biology smart card, but it doesn't cover the nervous system material and instead discusses cell material. Next, in 

the study that was reviewed by [15] by developing module media instead of smart card media, but this research 

was conducted on learning the excretory system and the coordination system to train students’ science literacy. 

Based on this gap, the novelty of this research lies in the development of a Smart Card Media based on Science 

Literacy, specifically designed for nervous system material for 11th-grade science students at Budisatrya Private 

High School in Medan. Unlike typical learning card media that usually just present material summaries and 

practice questions, the media developed in this research integrates science literacy indicators into each card 

through the presentation of scientific phenomena, contextual case studies, data interpretation, scientific 

reasoning-based questions, and problem-solving activities. Therefore, this media not only serves as a tool to help 

understand concepts but also as a means to train critical thinking, scientific reasoning, and evidence-based 

decision-making skills.   

In addition to producing valid, practical, and effective media products, this research also offers a model 

for developing learning media that systematically integrates science literacy competencies with the 
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characteristics of nervous system material. This development is expected to become an innovative alternative for 

biology learning that supports the implementation of the Merdeka Curriculum while also enriching studies on 

developing science literacy-based learning media for biology materials in high school. 

 

 

2. RESEARCH METHOD 

This study employed the Research and Development (R&D) method because it aimed to produce a 

product in the form of a Science Literacy-Based Smart Card Media on the nervous system topic and to examine 

the level of validity, practicality, and effectiveness of the developed media. The development model used was 

the 4-D model proposed by Thiagarajan et al. (1974), which consists of four stages: define, design, develop, and 

disseminate. This model was selected because it provides systematic stages for producing feasible and effective 

learning products [16]. The research was conducted at Senior high school Swasta Budisatrya Medan, located at 

Jalan Letda Sujono No. 166, Bandar Selamat, Medan Tembung District, Medan City, North Sumatra. The 

research subjects consisted of 35 students of Grade XI MIPA, selected using the purposive sampling technique, 

which is a sampling method based on specific considerations, such as students’ characteristics, the suitability of 

the learning material, and recommendations from the subject teacher [17]. In addition to students, the study 

involved one Biology teacher as a respondent in the practicality test and three validators consisting of a material 

expert, media expert, and instrument expert. 

The research procedure began with the define stage, which involved conducting initial analysis, learner 

characteristics analysis, concept analysis, task analysis, and learning objectives analysis through interviews with 

the Biology teacher and the distribution of needs analysis questionnaires to students. The design stage involved 

preparing the design of the Science Literacy-Based Smart Card Media, developing learning materials based on 

the Merdeka Curriculum, designing the media using the Canva application, and developing research instruments. 

Furthermore, in the develop stage, the product was validated by experts, revised based on expert suggestions, 

tested for practicality through teacher and student response questionnaires, and tested for effectiveness using 

pretest and posttest assessments. The final stage, disseminate, was carried out by implementing the media in 

Biology learning activities on the nervous system topic and introducing it to teachers as an alternative learning 

medium. 

The research instruments consisted of test and non-test instruments. The non-test instruments included 

interview guidelines, needs analysis questionnaires, material expert validation sheets, media expert validation 

sheets, instrument expert validation sheets, teacher response questionnaires, and student response questionnaires. 

All questionnaires used a four-point Likert scale, consisting of a score of 4 (strongly agree), score 3 (agree), 

score 2 (disagree), and score 1 (strongly disagree). The test instrument consisted of pretest and posttest questions 

developed based on science literacy indicators. Before being implemented, all instruments were validated by 

experts to obtain content validity [18]. The research data consisted of qualitative and quantitative data. 

Qualitative data were obtained from interviews and validator suggestions, while quantitative data were obtained 

from expert validation results, teacher response questionnaires, student response questionnaires, and students’ 

pretest and posttest scores. 

Validity analysis is done using the following formula. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑉𝑎𝑙𝑖𝑑𝑖𝑡𝑦 =
𝑆𝑐𝑜𝑟𝑒 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 

𝑆𝑐𝑜𝑟𝑒 𝑀𝑎𝑥𝑖𝑚𝑢𝑚
 × 100% … (1) 

 

Table 1. Media Validity Criteria 

Percentage (%) Criteria 

80.00–100.00 Very Valid 

60.00–79.99 Valid 

50.00–59.99 Fairly Valid 

< 50.00 Invalid 

 

Next, the practicality analysis is done using the following formula. 

𝑃𝑒𝑟𝑠𝑒𝑛𝑡𝑎𝑔𝑒 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 =
𝑆𝑐𝑜𝑟𝑒 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 

𝑆𝑐𝑜𝑟𝑒 𝑀𝑎𝑥𝑖𝑚𝑢𝑚
 × 100% … (2) 

 

Table 2. Media Practicality Criteria 

Percentage (%) Criteria 

81–100 Very Practical 

61–80 Practical 

41–60 Fairly Practical 

21–40 Less Practical 

≤20 Not Practical 
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The effectiveness of the Smart Card Media based on Science Literacy was analyzed using Normalized 

Gain (N-Gain) to find out the improvement in students' learning outcomes after using the media. The formula 

used is as follows. 

𝑁 − 𝐺𝑎𝑖𝑛 =
𝑆𝑐𝑜𝑟𝑒 𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 − 𝑆𝑐𝑜𝑟𝑒 𝑝𝑟𝑒𝑡𝑒𝑠𝑡

𝑆𝑐𝑜𝑟𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − 𝑆𝑐𝑜𝑟𝑒 𝑝𝑟𝑒𝑡𝑒𝑠𝑡
… (3) 

 

Table 3. N-Gain Interpretation Criteria 

N-Gain Score Category 

g > 0.70 High 

0.30 ≤ g ≤ 0.70 Medium 

g < 0.30 Low 

 

To test the research hypothesis about the difference in learning outcomes before and after using the 

media, the pretest and posttest data are first tested for normality using the Shapiro–Wilk test. If the data is 

normally distributed, the analysis continues with the Paired Sample t-test. On the other hand, if the data is not 

normally distributed, the Wilcoxon Signed Rank Test is used. All statistical analyses are carried out using IBM 

SPSS Statistics version 26 with a significance level of 0.05 [9]. 

 

 

3. RESULTS AND DISCUSSION 

This study produced a learning medium in the form of smart cards based on science literacy for the 

nervous system material in grade XI high school. These smart cards are designed to be used flexibly in 

classroom learning and can also be used as a support medium for independent learning. The smart cards are 

arranged in a concise and visual format, making it easier for students to understand the complex and abstract 

concepts of the nervous system. Using a concise, visual, and contextual medium can help students build 

conceptual understanding more easily and meaningfully. The development of this medium aims to improve 

science literacy, concept comprehension, and active student engagement through the presentation of contextual 

and practical material. The development process of the smart card medium follows the 4D model stages, namely 

Define, Design, Develop, and Disseminate, to ensure pedagogical suitability and the feasibility of the resulting 

medium. 

This section presents a comprehensive analysis of the development process as well as the validity, 

practicality, and effectiveness of science literacy-based smart card media on the nervous system material. The 

discussion begins with an explanation of the results at each stage of the 4D development model, starting from the 

Define stage to Thiagarajan's Disseminate stage. Next, the effectiveness of the media is analyzed based on the 

results of pre-test and post-test assessments of students' science literacy skills, calculated using N-Gain scores to 

determine learning improvements. These analysis results form the basis for discussing each stage of developing 

the smart card media, starting from the definition stage. The development process aims to produce learning 

media that can integrate science literacy components so that students not only understand the concept of the 

nervous system but can also explain scientific phenomena, interpret data, and solve problems related to everyday 

life. 

 

Define 

The research results at the define stage showed that the development of smart card media based on 

science literacy started with a needs analysis, which included front-end analysis, learner analysis, concept 

analysis, task analysis, and learning objective analysis. This analysis provided an overview of the biology 

learning conditions at Budisatrya Medan Private High School as a basis for designing media that fits the 

students’ needs and the demands of the Merdeka Curriculum. Based on front-end analysis, learning about the 

nervous system is still mostly dominated by the use of textbooks, worksheets, lectures, presentations, and 

educational videos. The learning process tends to be teacher-centered, so students memorize the material more 

than they understand the concepts deeply. This situation makes it difficult for students to connect nervous system 

concepts with real-life phenomena. 

The analysis results of the students show that their initial abilities are quite varied. Besides that, 

students tend to get bored quickly when learning about the nervous system, which has a lot of abstract concepts. 

Most students are more interested in using learning media that are visual, concise, engaging, and interactive, 

making it easier for them to understand the material. The concept analysis resulted in a mapping of the main 

material to be included in smart card media, namely the structure of neurons, the mechanism of nerve impulses, 

the central nervous system, the peripheral nervous system, and various disorders of the nervous system. 

Meanwhile, task analysis shows that students are expected not only to understand these concepts but also to be 

able to connect them to everyday life applications as part of their science literacy skills. 
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Next, the analysis of learning objectives produces a formulation of competencies that refers to the 

Biology Learning Outcomes in the Merdeka Curriculum for 11th grade, namely that students are able to identify 

neuron structures, describe the mechanism of nerve impulses, explain voluntary and reflex movements, and 

describe the central and peripheral nervous systems. All of this analysis serves as the basis for designing smart 

card media based on science literacy that fits the learning needs. The needs analysis results show that the 

learning of the nervous system at SMA Swasta Budisatrya Medan is still focused on using conventional media, 

so the learning process tends to emphasize memorization. This condition indicates that students have not yet 

gained learning experiences that can build a deep conceptual understanding. This finding is in line with research 

[19] which states that the nervous system material is one of the biology topics that is difficult to understand 

because it has complex, abstract concepts and requires good conceptual thinking skills. The low interest in 

reading long texts is also one of the reasons for students' low understanding of this material. 

The analysis of student characteristics shows that students prefer media with interesting visual displays, 

concise material presentation, and that allow interaction during the learning process. This finding aligns with the 

opinion [20] which explains that the use of visual media in active learning can boost students' attention, 

motivation, and engagement, making the learning process more effective. These characteristics show that 

developing smart cards is a suitable media alternative because it can present information in a simple, easy-to-

understand, and attention-grabbing way for students. The analysis of concepts and tasks shows that learning 

about the nervous system is not only focused on mastering the concepts but also on the ability to connect those 

concepts to real-life situations. This aligns with the principles of science literacy, which emphasize students' 

ability to understand scientific concepts, explain phenomena based on scientific evidence, and apply knowledge 

to solve various everyday problems. The science literacy framework developed by [13] also emphasizes that the 

main goal of learning science is to shape students who can use scientific knowledge contextually in everyday 

life. 

The learning objectives formulated based on the Merdeka Curriculum show that media development is 

not just focused on delivering material, but is also aimed at achieving the competencies expected in learning 

outcomes. Therefore, science literacy-based smart cards were designed so that each card not only contains 

information about the structure and function of the nervous system, but also includes examples of the concept 

applied in daily life as well as questions that encourage students to think critically. Thus, the results of the 

analysis at the definition stage prove that the development of science literacy-based smart cards aligns with the 

students’ needs, the characteristics of nervous system material, and the direction of the Merdeka Curriculum 

policy, which emphasizes meaningful, contextual, and student-centered learning. 

 

Design 

The research results at the design stage showed that the science literacy-based smart card media was 

developed based on the needs analysis from the previous stage, so the media design was adjusted to the 

characteristics of the students, the nervous system material, and the learning outcomes for 11th grade Biology. 

The design was carried out systematically, focusing on presenting the material clearly, attractively, and 

understandably, while supporting student-centered learning. The design results show that the smart card media 

consist of several main components, namely the cover, user instructions, learning achievements, learning 

objectives, science literacy indicators, concept maps, and brief material about the nervous system. In addition, 

the media is also equipped with various supporting features, such as Did You Know which presents interesting 

scientific facts, a QR Code linked to learning videos, a Literacy Corner containing starter questions to train 

scientific thinking skills, practice questions for evaluation, as well as the author's biography placed on the card 

holder. All of these components are designed to support the achievement of students' science literacy 

competencies. 

At this stage, a research instrument design is also produced, consisting of validation sheets for content 

experts, media experts, and language experts, questionnaires for teacher and student responses to measure the 

practicality of the media, as well as pre-test and post-test instruments used to measure the media's effectiveness 

in improving students' science literacy skills. The visual design results show that the smart card was created 

using the Canva app, paying attention to layout balance, color gradients, illustrations, QR code placement, and 

title frames to make it look appealing and easy to read. The media is printed in a 9 × 13 cm size on 200-gram 

paper with a thickness of about 2.3 mm, making it sturdy enough for repeated use. The choice of fonts—Noto 

Serif Ethiopic Condensed, Bree Serif, Times New Roman, and Bumblebee—as well as the use of black and blue 

text, was made to enhance readability and make it comfortable for learners to use the media. 

The design stage is an important process in media development because it determines the quality of the 

product that will be used in learning. Research results show that the smart card design based on science literacy 

has been developed according to the characteristics of the students and the learning needs identified in the 

definition stage. This approach aligns with the 4-D development model, which emphasizes that learning products 

should be designed based on needs analysis so that they can address the problems found in the field [16]. The 

compilation of media components, which includes learning objectives, concept maps, concise materials, practice 
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questions, and various supporting features, shows that smart cards not only serve as a medium for delivering 

information but also as a tool that facilitates the development of students' science literacy. Features like Did You 

Know, QR Codes, and the Literacy Corner give students the chance to connect scientific concepts with real-

world phenomena, explore digital learning resources, and develop critical thinking skills through contextual 

questions. This aligns with the framework of science literacy. [21] which emphasizes the importance of learning 

that can integrate scientific knowledge, thinking skills, and the application of concepts in everyday life. 

Visual media design also becomes one of the important aspects that support the effectiveness of 

learning. The use of simple layouts, harmonious color combinations, relevant illustrations, and practical card 

sizes show that the media is designed with attention to the principles of learning design and visual 

communication. According to [22] In the Cognitive Theory of Multimedia Learning, presenting material that 

combines text, images, and visual elements in a balanced way can reduce students' cognitive load and improve 

concept understanding. Therefore, choosing illustrations, typography, and layout on smart cards is expected to 

help students grasp the abstract material of the nervous system. 

In addition, the preparation of validation instruments, practicality questionnaires, as well as pre-tests 

and post-tests showed that the development process had been comprehensively designed to ensure the quality of 

the media before being implemented in learning. The existence of these instruments allows researchers to obtain 

data on the level of validity, practicality, and effectiveness of the media objectively. Thus, the results of the 

design stage show that the science literacy-based smart card has met the pedagogical, content, visual, and 

evaluation aspects so that it is feasible to proceed to the development stage as a learning medium that supports 

the improvement of students' science literacy in nervous system materials. 

 

Develop 

After the science literacy-based Smart Card learning media was developed in the design stage, the next 

stage was the develop stage. This stage aimed to assess the quality of the product through expert validation and 

practicality testing conducted by teachers and students. The development stage is an essential part of research 

and development because its results serve as the basis for determining the feasibility, practicality, and 

effectiveness of the Smart Card media before it is implemented on a wider scale. Feedback from the validators 

focused on aspects of content, presentation, visual appearance, and completeness of the material to ensure that 

the developed media was more suitable for students’ characteristics and learning objectives. 

Several improvements were made, including emphasizing the text of the three science literacy 

indicators according to PISA and the core components of science literacy so that they could be more easily 

recognized by students. In addition, the Trigger Question section was changed into “Did You Know” and placed 

on the page discussing the nerve impulse material to make it more relevant to the learning content. Revisions 

were also made by adding illustrations of the classification of nerve cells, consisting of sensory neurons, motor 

neurons, and connector neurons, to clarify the concepts being studied. In terms of visual aspects, the layout of 

the human brain anatomy images was improved so that each anatomical part appeared clearer, more 

proportional, and easier to observe. Meanwhile, the material on nervous system disorders was simplified from 

six types to four types of disorders, accompanied by explanations of their causes, impacts, and treatments, 

making the information more concise, systematic, and easier to understand. 

All suggestions and feedback from the validators were accommodated through the revision process, 

resulting in an improved Science Literacy-Based Smart Card Media in terms of content, appearance, and 

material presentation. The revised product then became the basis for proceeding to the final validation process 

before the media was tested on students. 

 

Table 5. Comments from Media Validators and Material Validators 

Suggestion Before After 

In the section, the three science 

literacy indicators according to 

PISA, and the three core parts of the 

science literacy indicators need to 

have their font bolded. 

None of the fonts on this page are 

bolded except for the main title. 

 

 

The font on the three science 

literacy indicators according to 

PISA, and the three core parts of 

the science literacy indicators have 

been bolded. 
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Suggestion Before After 

  

The trigger question is changed to 

just be part of the 'Did You Know' 

section, and placed on the page that 

discusses nerve impulse material. 

There’s a starter question on the 

front page of the smart card. 

 

 

 

 

 

The trigger question has been 

changed to become part of the 'Did 

You Know' section, and it has been 

placed on the page that discusses 

nerve impulse material. 

 

 

Add an image of the division of 

nerve cells, which is divided into 

three parts: sensory neurons, motor 

neurons, and connector neurons. 

There are no images for the three 

parts of the neuron. 

 

 

The image has been added to the 

division of nerve cells. 

 

 

In the picture of the human brain 

anatomy, the position needs to be 

adjusted so that the anatomical 

structures are clearly visible and 

neat. 

The human brain anatomy image 

is too cramped and the structure 

of its parts isn’t clearly visible. 

 

 

 

The anatomy image has been 

repositioned and the anatomical 

structures are now clearly visible 

and neat. 
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Suggestion Before After 

  

The section on neurological 

disorders in humans would be better 

reduced to just 4 disorders, and 

include the causes and effects, as 

well as the treatment of disorders in 

the human nervous system. 

Includes 6 explanations about 

human neurological disorders but 

has no explanation of causes and 

treatments for the diseases. 

 

 

 

Nervous system disorders are 

reduced to 4 disorders, and already 

include causes and effects, as well 

as treatments for disorders of the 

human nervous system. 

 

 
 

After the product revision process is completed based on feedback from the validators, the Science 

Literacy-Based Smart Card Media is then revalidated by media and content experts to determine the product's 

feasibility before it is implemented in the trial stage. The validation checks the feasibility of content, 

presentation, graphics, and the alignment of the material with learning objectives, ensuring that the media 

developed meets quality standards as a learning tool. The validation results from the media expert showed that 

the content feasibility aspect obtained a score of 46 out of a maximum score of 48, with a percentage of 96%, 

which was categorized as very valid. Meanwhile, the presentation aspect obtained a score of 8 out of a maximum 

score of 8, with a percentage of 100%, and was also categorized as very valid. Overall, the average validation 

result from the media expert reached 96.42%, indicating that the media has an attractive appearance, systematic 

material presentation, and a design that is appropriate to the characteristics of students. 

The validation results from the material expert showed that the graphic aspect obtained a score of 29 out 

of a maximum score of 32, with a percentage of 91%, categorized as very valid. The material presentation aspect 

obtained a score of 28 out of a maximum score of 32, with a percentage of 88%, also categorized as very valid. 

The overall average validation result from the material expert reached 89.06%, indicating that the presented 

material was in accordance with the learning outcomes, had conceptual accuracy, and was systematically 

arranged so that it could be easily understood by students. 

Based on the validation results from the media expert and material expert, the Science Literacy-Based 

Smart Card Media obtained an average validation percentage above 89%, with a very valid category. These 

results indicate that the media has met the feasibility criteria in terms of content, presentation, graphics, and 

material quality. Therefore, the media was declared suitable for use in the practicality test and effectiveness test 

during the learning process. 
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Table 6. Validation Results by Media Experts and Subject Matter Experts 

Expert 
Assessed 

Aspect 

Number of 

Items 

Score 

Obtained 

Maximum 

Score 
Percentage Category 

Media Expert 

Content 

Feasibility 
12 46 48 96% Very Valid 

Presentation 2 8 8 100% Very Valid 

Average 

Percentage (%) 
 27 28 96.42% Very Valid 

Subject 

Matter Expert 

Graphics 8 29 32 91% Very Valid 

Material 

Presentation 
8 28 32 88% Very Valid 

Average 

Percentage (%) 
 28.5 32 89.06% Very Valid 

 

After the Science Literacy-Based Smart Card Media was declared valid by the media expert and 

material expert, the next stage was conducting a practicality test to determine the level of ease of use of the 

media in the learning process. The practicality test involved one Biology teacher and 35 students of Grade XI 

MIPA as users of the media. The assessment was conducted using response questionnaires covering aspects of 

ease of use, media appearance, material presentation, readability, and the benefits of the media in supporting 

learning activities. 

The results of the practicality test showed that the students’ responses obtained an average percentage 

of 95%, which was categorized as very practical. These results indicate that students gave positive assessments 

of the media in terms of its appearance, ease of understanding the material, and ease of use during the learning 

process. The media was also considered capable of increasing students’ interest in learning and helping them 

understand concepts related to the nervous system material more easily. 

Meanwhile, the assessment results from the Biology teacher obtained a percentage of 98.14%, 

categorized as very practical. The teacher assessed that the Science Literacy-Based Smart Card Media was easy 

to use as a supporting learning medium, provided systematic material presentation, and helped teachers deliver 

learning materials in a more attractive, interactive, and efficient manner. Overall, the practicality test results 

showed that the Science Literacy-Based Smart Card Media received very positive responses from both teachers 

and students. The high practicality percentage indicates that the media has excellent usability, is easy to 

understand, visually attractive, and suitable for use as a learning medium for the nervous system topic. 

 

Table 7. Practicality Test Results from Students and Teacher 

Respondent Number of Items Score Obtained Maximum Score Percentage Category 

Students (n = 35) 12 45.6 48 95% Very Practical 

Teacher 27 26.5 27 98.14% Very Practical 

 

The development stage aims to produce learning media with high quality through a systematic process 

of validation and revision before being implemented in learning. Research results show that the Science Literacy 

Smart Card Media underwent several improvements based on feedback from validators, covering content, 

presentation, visual appearance, and material completeness. Revisions were made by bolding the science literacy 

indicators based on the PISA framework to make them easier for students to recognize, changing the Trigger 

Questions feature to a more contextual Did You Know, adding illustrations of different types of neurons, 

correcting the brain anatomy layout, and simplifying nervous system disorder materials into four types with 

explanations of causes, effects, and treatments. The findings show that the revision process is not just focused on 

the media's aesthetics, but also on improving the teaching quality so the material is easier for students to 

understand. 

This finding aligns with research [23] which states that the quality of a developed product is determined 

by three main indicators, namely validity, practicality, and effectiveness. Validity is obtained through an 

evaluation process by experts to ensure that the content, presentation, and learning strategies are in line with the 

learning objectives. Likewise, according to [24], revisions based on validator feedback are an important stage in 

development research because they can improve the quality of the product before being used in real learning 

situations. Thus, the various revisions made to the Science Literacy-Based Smart Card Media show that the 

media development has followed systematic research and development principles, making the resulting product 

more representative of students’ needs. 

The validation results showed that the media received an average percentage of 96.42% from media 

experts and 89.06% from content experts, falling into the very valid category. The high validity scores indicate 

that the media meets aspects of content feasibility, presentation, graphics, and the suitability of the material with 

Biology learning outcomes. These results suggest that the material presented has accurate concepts, a well-
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organized presentation, and visual displays that support the students' learning process. This finding is in line with 

previous research. [25] which explains that a learning media is considered valid if it meets the alignment 

between learning objectives, material characteristics, student characteristics, and media design. Besides that, 

research [26] also reported that learning media based on educational cards that achieved a validity level above 

85% are considered feasible to use because they can present information systematically and make it easier for 

students to understand complex biology concepts. 

From the aspect of material presentation, the high validation score shows that organizing the material in 

a concise form with illustrations, QR Codes, and the Did You Know feature can improve the quality of the media 

as a learning resource. According to [27] Through the Cognitive Theory of Multimedia Learning, presenting 

information using a combination of text, images, and multimedia will help learners build better mental 

representations compared to text-only presentations. Adding neuron illustrations and improving the positioning 

of brain anatomy images in the developed media is a form of applying the multimedia principle, which integrates 

visual and verbal elements, thereby reducing learners' cognitive load when studying the abstract nervous system 

material. Therefore, the very high validation results not only show the quality of the media content but also 

indicate that the visual design has supported a more effective learning process. 

Besides being valid, the media that was developed also shows a very high level of practicality. The 

practicality test results reached 95% from students and 98.14% from teachers, falling into the very practical 

category. These findings show that the media is easy to use, attractive in appearance, easy to understand, and 

capable of increasing students’ interest in learning. The high positive response from students indicates that the 

smart card media successfully meets the characteristics of today's learners who prefer visual, interactive, concise, 

and easily accessible media. These results are in line with research. [28] which found that learning media based 

on educational cards can increase learning motivation, student engagement, and create a more active learning 

atmosphere compared to the use of conventional media. Likewise, the research [29] reporting that science 

literacy-based media developed visually and contextually achieved a practicality level of over 90% because it is 

easy to use for both teachers and students. 

The teacher's response of 98.14% shows that the media is not only convenient for students but also 

makes it easier for teachers to carry out the lessons. Teachers felt that the material presentation was systematic, 

the language was easy to understand, and supporting features like QR Codes and Did You Know could enrich 

the learning process. These findings support the opinion [30] which states that good learning media should be 

able to help teachers deliver material more efficiently, increase learning interaction, and optimize the 

achievement of learning objectives. Therefore, the high level of practicality obtained shows that Science 

Literacy-Based Smart Card Media has great potential to be applied in Biology learning, especially on the 

nervous system material. Which states that good learning media should be able to help teachers deliver material 

more efficiently, increase learning interaction, and optimize the achievement of learning objectives. Therefore, 

the high level of practicality obtained shows that Science Literacy-Based Smart Card Media has great potential 

to be applied in Biology learning, especially on the nervous system material. 

 

Disseminate 

The effectiveness test was carried out to find out how far the Science Literacy-Based Smart Card Media 

could improve students’ science literacy skills on the nervous system material. The testing was done using a 

pretest–posttest design, which involves giving an initial test before learning with the media and a final test after 

the learning process is complete. The pretest and posttest results were then analyzed using Normalized Gain (N-

Gain) to see the level of improvement in students’ learning outcomes. The analysis results showed that the 

students' average pretest score was 46, while the average posttest score increased to 90. This improvement 

indicates a difference in students’ science literacy skills before and after using the Science Literacy-Based Smart 

Card Media in the learning process. 

Based on the N-Gain calculation results, a value of 0.81 was obtained with an improvement percentage 

of 80.88%, which falls into the high category. These results show that the developed media can provide a high 

improvement in students' science literacy skills. This increase indicates that presenting material with 

illustrations, scientific phenomena, contextual information (Did You Know), as well as science literacy-based 

activities helps students better understand the nervous system concepts. Overall, the effectiveness test results 

show that the Science Literacy-Based Smart Card Media is effective for teaching Biology on the nervous system 

topic. This is shown by the students’ score improvements from the pretest to the posttest results and an N-Gain 

value in the high category, meaning the developed media meets the effectiveness criteria as a learning medium. 

 

Table 8. Pre-Test and Post-Test Results of Scientific Literacy 

Pre-Test Post-Test N-Gain Percentage Category 

46 90 0.809 80.88% High 
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The research results show that the Science Literacy-Based Smart Card Media that was developed meets 

the criteria of being very valid, very practical, and effective in improving students' science literacy skills on the 

nervous system material. The high level of media validity obtained from media experts (96.42%) and content 

experts (89.06%) indicates that the media has met the aspects of content feasibility, presentation, graphics, and 

alignment with learning outcomes. These results suggest that the development process using the 4-D model 

(Define, Design, Develop, Disseminate) is able to produce a learning product that is systematic and fits students' 

needs. According to [16], Each stage in the 4-D model aims to ensure that the product being developed has good 

quality through the process of needs analysis, design, validation, revision, and implementation. Therefore, the 

high validation score in this study indicates that the development process has been carried out optimally, 

resulting in media that is suitable for use in learning. 

The findings of this study are in line with research [31] which states that science literacy-based learning 

media developed through expert validation received the category of very valid because it was able to integrate 

scientific concepts, real-life phenomena, as well as scientific thinking activities into a single learning medium. 

Likewise, research [32] found that learning media designed based on science literacy indicators have better 

content and presentation quality compared to conventional media because they can connect concepts with 

everyday life contexts. These results reinforce that the validity of media is not just determined by the accuracy of 

the material, but also by the media's ability to develop science literacy skills as recommended by the Programme 

for International Student Assessment (PISA) framework. 

In addition to having a high level of validity, the developed media also received a very practical 

category, with responses from students at 95% and teachers at 98.14%. The high level of practicality shows that 

the media is easy to use, has an attractive appearance, is easy to understand, and can boost students' learning 

motivation. These results indicate that visual design, the use of illustrations, concise information presentation, 

and the Did You Know feature provide a more engaging learning experience compared to learning that only uses 

textbooks. According to [33], [34] In the Cognitive Theory of Multimedia Learning, a combination of text, 

images, illustrations, and contextual information can reduce the cognitive load on learners, making it easier for 

them to understand concepts. As a result, the media developed meets multimedia principles that can boost 

learners' attention and engagement during the learning process. 

Those findings also align with research [35] who reported that learning media based on educational 

cards achieved a very high level of practicality because they are easy to use for both teachers and students. The 

research [36] It also shows that using interactive visual media can boost students’ motivation and active 

participation during Biology lessons. The similarity of these results shows that the characteristics of visual-based 

media make it easier to understand abstract concepts, making learning more meaningful. The most important 

result of this study is the high effectiveness of the media in improving students’ science literacy skills. The 

average pretest score of 46 increased to 90 in the posttest, with an N-Gain of 0.81, which falls into the high 

category. This result shows that using Science Literacy-Based Smart Cards significantly improves science 

literacy skills after the learning process. This improvement is largely due to the characteristics of the media, 

which include concept illustrations, scientific phenomena, problem-based activities, and contextual information 

that encourage students to connect Biology concepts with everyday life [37]-[42]. 

The results are in line with the report [43] which emphasizes that science literacy is not only about 

mastering concepts, but also the ability to explain scientific phenomena, evaluate evidence, interpret data, and 

make decisions based on scientific proof. Therefore, learning media that integrates all three of these 

competencies tend to provide a higher improvement in science literacy skills compared to learning that is 

focused solely on memorizing concepts. Research [44] It also explains that science literacy-based learning can 

improve critical thinking, scientific reasoning, and problem-solving skills because students actively construct 

knowledge through contextual learning experiences. 

The findings of this study also support the results of the research [45] which found that science literacy-

based media significantly improved students’ ability to interpret scientific data and explain life phenomena. 

Similarly, research [46], [47] It shows that learning media based on educational cards lead to an improvement in 

learning outcomes with a high N-Gain category because students are more active in discussing, observing 

illustrations, and connecting concepts to real-life situations. The similarity of these results indicates that science 

literacy-based media has a tangible contribution to improving 21st-century competencies, especially critical 

thinking, scientific communication, and problem-solving skills. 

The science Literacy-Based Smart Card Media not only meets product quality aspects in terms of 

validity and practicality, but also significantly improves students’ science literacy skills. The novelty of this 

research lies in integrating PISA science literacy indicators into the smart card media through the presentation of 

nervous system illustrations, Did You Know contextual information, scientific phenomena, and analysis 

activities designed to train students to explain scientific phenomena, interpret data, and solve science-based 

problems. Thus, the developed media can be an innovative alternative in teaching Biology while also supporting 

the implementation of 21st-century learning focused on strengthening science literacy [48]-[51]. 
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4. CONCLUSION 

This study successfully developed Smart Card Media Based on Science Literacy for the nervous system 

material using the 4-D model, which was proven to meet the criteria of being very valid, very practical, and 

effective. Expert validation results indicated that the media is suitable for use in learning, while practicality tests 

showed that the media is easy to use and received very positive responses from both teachers and students. In 

addition, using the media was proven to significantly improve students' science literacy skills, as shown by the 

increase in pretest to posttest scores, high-category N-Gain values, and Paired Sample t-test results indicating 

significant differences before and after using the media. These findings suggest that the Science Literacy-Based 

Smart Card Media could be an alternative Biology learning tool that supports 21st-century learning by enhancing 

science literacy skills. However, this study is still limited to one school, one learning material, and measuring 

learning outcomes in the short term. Therefore, it is recommended that future research tests the media on a larger 

sample, applies it to other Biology or science topics, develops it in digital or interactive technology formats, and 

explores its effects on critical thinking, problem-solving, creativity, and long-term learning retention. 
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