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Introduction
Education plays a strategic role in developing high-quality human resources capable of competing in
the global era. Through education, students are not only required to master knowledge but are also
expected to develop holistically in the cognitive, affective, and psychomotor domains (Lyna
Luthfiyyah Azzahra & Roro Ayu Angeli, 2025). To achieve this development, the learning process
needs to be designed to be active, interactive, and enjoyable so that it can optimize the potential of
students (Nurtanto & Sofyan, 2015). This condition becomes increasingly important in science
subjects, including chemistry, which require deep conceptual understanding and high-level thinking
skills.

Chemistry is a subject characterized by abstract and complex material, requiring learning
strategies that can help students understand concepts concretely. Although chemistry can develop
critical and analytical thinking skills, many students struggle to connect chemical concepts to real-
world phenomena (Ananda Aditya Sari Harahap et al,, 2023). One topic that often presents obstacles
is Reaction Rate, as it involves abstract concepts and quite complex mathematical calculations. This
complexity often leads to misconceptions and results in poor learning outcomes (Putri & Muhtadi,
2018). Therefore, learning innovations are needed that can facilitate understanding more effectively.

Based on direct observations at Sungai Raya 2 State Senior High School, it was discovered that
the chemistry learning process is still dominated by lectures. During the learning process, students
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appear passive and tend to simply listen and take notes, without adequate opportunities for
discussion or interactive learning activities. This situation makes learning less engaging and does not
optimize in-depth conceptual understanding.

These observational findings were reinforced by interviews with chemistry teachers at SMAN
2 Sungai Raya. The teachers reported that the Reaction Rate material was difficult for students to
understand because it involved abstract concepts and mathematical calculations. They also stated
that the limited variety of learning media resulted in monotonous delivery, making students easily
bored. Interviews with several grade XI A students revealed similar findings, stating that the learning
process felt less engaging because it focused solely on teacher explanations and practice problems
from textbooks. Furthermore, they also reported difficulty understanding the Reaction Rate material
because it included many formulas and theories. The lack of varied learning media also reduced
learning motivation and hindered optimal conceptual understanding (Aulia et al., 2018). To address
these issues, innovative, engaging learning media are needed that encourage active student
involvement in the learning process.

One alternative media that can be used in learning is Truth or Dare cards, specifically designed
for reaction rate material. This media integrates game elements with learning activities through a
game-based learning approach, so that students are actively involved in the learning process. Truth
cards contain conceptual questions that encourage students to recall (retrieval practice) and explain
concepts that have been learned, while Dare cards contain tasks or challenges that require students
to apply concepts, analyze problems, and connect the material to phenomena in everyday life. During
the game, students discuss and provide reasons for their answers, creating a collaborative
argumentation process that can strengthen conceptual understanding. In addition, feedback
provided by teachers and peers helps students identify and correct potential misconceptions. Game
activities that involve challenges, social interaction, and rewards for participation are also in line with
the theory of learning motivation, which states that active involvement and enjoyable learning
experiences can increase students' interest in participating in learning (Byusa et al., 2022; Ucu
Cahyana, Mario Paristiowati, Muhammad Fajar Nurhadi, Siti Nuryana Hasyrin, 2017). Therefore, the
use of Truth or Dare cards has the potential to support learning of the abstract and complex material
of reaction rates.

Several studies have shown that the implementation of game-based media, including Truth or
Dare cards, is effective in increasing student engagement and learning outcomes (Hu et al,, 2022).
According to (Widyana Salam & Alizar, 2025a), card media developmentTruth or Darein the material
Atomic Structure hasvery high level of eligibility based on the assessment of material experts and
media experts, and obtained a very positive response from teachers and students, which shows that
the media is practical and easy to use in learning. Furthermore, the research (Tamami & Rusmini,
2024) proves that this media is able to train students' argumentation skills in Buffer material. The
research conducted by (Arifin & Irawan, 2021) found that the application of the Truth or Dare
technique in the Discovery Learning model can improve students' logical thinking skills. These
research results demonstrate that the use of Truth or Dare cards is relevant for chemistry learning,
particularly in the Reaction Rate topic, which requires both conceptual understanding and
mathematical analysis.

Several previous studies have reported the development of Truth or Dare cards in several
chemistry topics, such as Atomic Structure and Buffer Solutions, as well as in the application of the
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Discovery Learning model. These studies indicate that card-based media has the potential to support
the chemistry learning process (Tamami & Rusmini, 2024; Widyana Salam & Alizar, 2025b).
However, the development of Truth or Dare media on reaction rate material is still very limited.
Reaction rate material has different characteristics from other chemistry materials because it
includes abstract concepts regarding factors that influence reaction rate and the relationship
between macroscopic, microscopic, and symbolic representations that require students' analytical
skills (Putri & Muhtadi, 2018). In addition to the differences in material context, this study also
developed a game mechanism specifically designed to support learning about reaction rates. Truth
cards focused on conceptual questions that encouraged students to practice retrieval and explain
concepts they had learned, while Dare cards contained tasks that required the application of
concepts, problem analysis, and the association of material with everyday life phenomena. These
activities align with the principles of game-based learning, which emphasize active student
involvement in the learning process (Plass et al., 2015) as well as retrieval practice strategies that
can strengthen knowledge retention through activities of recalling information that has been learned
(Roediger & Karpicke, 2006). Media development was also carried out through a 3-D model adapted
from the 4-D model that includes the Define, Design, and Develop stages, and was evaluated based
on validity and practicality aspects. Differences in material characteristics, activity designs on the
cards, and the focus of product evaluation indicate a research gap that has not been widely studied
in previous studies. Therefore, this study aims to develop a Truth or Dare card learning media on the
reaction rate material and test its feasibility based on validity and practicality aspects.

The development of Truth or Dare card media is expected to increase student motivation and
engagement, facilitate understanding of abstract concepts, and provide innovative alternatives for
teachers in implementing active learning strategies. In addition to providing solutions to learning
problems in the classroom, this research also has the potential to enrich academic studies on the
development of game-based learning media in the field of chemistry. Therefore, the author
conducted a study with the title "Development of Truth or Dare Card-Based Learning Media on
Reaction Rate Material at SMA Negeri 2 Sungai Raya".

Method

This study employed a Research and Development (R&D) approach using the Four-D (4-D)
instructional development model proposed by Thiagarajan, Semmel, and Semmel (1974). The
original model consists of four stages: Define, Design, Develop, and Disseminate. However, the
present study was limited to the Define, Design, and Develop stages. Accordingly, the 4-D model was
operationally adapted into a three-stage or 3-D framework. This adaptation was made because the
study focused on identifying instructional needs, designing and developing the Truth or Dare card-
based learning medium, validating the product, revising the prototype, and examining its practicality
through small- and large-group trials. The Disseminate stage, which generally involves broader
implementation, distribution, and institutional adoption, was beyond the scope, time frame, and
resources of the present study. Therefore, the findings are limited to product validity and practicality
and are not intended to demonstrate large-scale effectiveness or dissemination outcomes (Febrianto
et al.,, 2025; Thiagarajan et al.,, 1974).

The developmental procedures were implemented systematically and iteratively. The Define
stage involved curriculum analysis, student-characteristic analysis, concept analysis, task analysis,
and the formulation of learning objectives. The Design stage included selecting the card format,
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constructing the Truth and Dare questions, developing the rules of play, preparing the initial visual
layout, and designing the validation and student-response instruments. The Develop stage comprised
prototype production, expert validation, product revision, a small-group trial, and a large-group
practicality trial. This sequence is consistent with contemporary instructional-design research,
which emphasizes needs analysis, systematic prototype construction, expert validation, iterative
revision, and user-acceptance testing before a learning product is implemented more broadly
(Shakeel et al., 2023).

The use of a card-based game was also informed by research on gamification and game-based
instructional design. Gamification integrates structured game elements into learning activities to
improve participation, motivation, and engagement; however, its educational benefits depend on the
alignment among learning objectives, game mechanics, learner characteristics, and assessment
procedures (Dichev & Dicheva, 2017). Meta-analytic evidence indicates that well-designed gamified
activities can positively affect cognitive, motivational, and behavioral learning outcomes (Bai et al.,
2020; Sailer & Homner, 2020). Classroom research has also demonstrated that gamified quizzes can
support engagement and learning when the questions, feedback, and game procedures remain
closely connected to the intended learning outcomes (Sanchez et al,, 2020). These considerations
guided the design of the Truth or Dare cards, particularly the formulation of reaction-rate questions,
the balance between challenge and accessibility, the clarity of the rules, and the provision of
immediate learning feedback.

The methodological decisions were further informed by the authors’ previous studies in
educational product development and interactive learning. Koderi et al. (2023) developed and
validated a local-wisdom-based instructional film through an R&D process involving expert
assessment and user responses. Rokhman et al. (2024) developed an academic supervision model
using the ADDIE framework and conducted expert validation followed by small- and large-group
trials. Erlina et al. (2025) similarly used an R&D approach to design, validate, revise, and test a
gender-responsive gira’ah learning module. These studies demonstrate the importance of systematic
design, expert judgment, iterative revision, and field testing in establishing the feasibility of
educational products.

In addition, Sari et al. (2024) reported that a team-games method supported students’
motivation and learning outcomes, providing a relevant empirical basis for incorporating structured
game activities into classroom learning. Al Khansa et al. (2024) emphasized that the implementation
of an instructional model should be adjusted to learner characteristics, classroom conditions, and the
intended educational outcomes. Drawing on these studies, the Truth or Dare card medium was
designed not merely as an entertaining activity but as a structured instructional tool for encouraging
active participation, discussion, conceptual recall, and engagement with reaction-rate concepts.

Because the Disseminate stage and an experimental effectiveness test were not conducted,
this study does not claim that the developed medium improves students’ conceptual understanding
or learning achievement. It only establishes the validity of the product based on expert judgment and
its practicality based on students’ responses during limited field trials. Further research should
implement the complete 4-D model and employ an experimental or quasi-experimental design to
evaluate the medium'’s effectiveness.
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Population and Sample

The study population was all eleventh-grade students of SMAN 2 Sungai Raya. This study was
conducted through two trial stages. The first stage was a small-scale trial involving nine eleventh-
grade students who were purposively selected based on their academic ability levels, namely three
high-ability students, three medium-ability students, and three low-ability students. The second
stage was a large-scale trial involving 27 other eleventh-grade students who did not participate in
the small-scale trial. Thus, no students were involved in both trial stages, so that participants in the
small-scale trial and the large-scale trial constituted separate and independent groups.

Research Procedures

The Define Stage aims to establish learning requirements through five steps: front-end analysis,
student analysis, task analysis, concept analysis, and formulation of learning objectives. The Design
stage includes the preparation of learning media designs, media content design, media display
design, and research instrument development. The Develop stage includes expert validation, product
revision, limited (small) trials, field (large) trials, product evaluation, and refinement.

Data collection technique

Data collection was conducted by the researcher in two stages, namely the needs analysis stage and
the product evaluation stage. In the needs analysis stage, the researcher conducted observations and
interviews with chemistry teachers and several students of class XI A of SMAN 2 Sungai Raya during
pre-research activities. Observations were conducted to identify learning conditions, student
characteristics, and learning media used in the classroom. Interviews were conducted to obtain
information regarding students' difficulties in learning the reaction rate material, obstacles faced by
teachers in the learning process, and the need for more interactive learning media. The results of the
observations and interviews were used as a basis for designing the content, format, and game
mechanisms on the Truth or Dare card media.

Product evaluation was conducted after the media was developed. Product evaluation data were
collected using expert validation questionnaires and student response questionnaires. The validation
questionnaire was administered to three material experts and three media experts to assess the
product's feasibility based on aspects of content, presentation, language, and media design.
Meanwhile, student response questionnaires were administered during small-scale trials and large-
scale trials to assess the media's practicality in terms of appearance, ease of use, material
presentation, and usefulness in supporting the learning process. All instruments used a five-point
Likert scale (SS, S, CS, TS, STS).

Data Analysis Techniques

The validity of the media was analyzed based on the assessment results of material experts and media
experts using a validation sheet with a 5-point Likert scale, namely Strongly Agree (SS) =5, Agree (S)
= 4, Quite Agree (CS) = 3, Disagree (TS) = 2, and Strongly Disagree (STS) = 1. The assessment was
carried out on the content, presentation, and design aspects of the media. The validity percentage
was calculated using the formula:

- lah sk diperoleh
Validity Percentage Jumlah skor yang diperoleh . 100%

Skor maksimal

Information:
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e XX =the total score obtained from all validators on all assessment items.
¢ Xmax = maximum possible score, calculated from the number of assessment items x the highest

score on the Likert scale (5) x the number of validators.

The use of validity percentages was chosen because it allows the assessment results from all
validators to be converted into a uniform scale (0-100%), thus facilitating interpretation of the level
of product feasibility and comparison between the aspects assessed.

The results of the validity percentage calculation are then categorized based on the criteria in

Table 1:
Table 1. Validity Level Criteria

Percentage (%) Criteria
81% - 100% Very Valid
61% - 80% Valid
41% - 60% Quite Valid
21%-40% Less Valid
0% - 20% Invalid

Source: (Azkiyah et al, 2022).

Practicality analysis was carried outbased on the results of the student response
questionnaire and calculated using the percentage of student responses with the formula:

Jumlah Skor Yang Diperoleh

Practicality Percentage= X 100%

Skor Maksimum
The results of the analysis are then categorized based on the criteria of practicality level in Table 2:

Table 2. Practicality Level Criteria

Percentage (%) Criteria
0% -20% Impractical
21%-40% Less practical
41% - 60% Quite Practical
61% - 80% Practical
81% - 100% Very Practical

Source: (Azkiyah et al, 2022).

Results and Discussion

Results

This research is a research and development (R&D) study. The 3D method used includes Define,
Design, and Develop, an adaptation of the 4D model (Thiagarajan, S. 1974). Data collection was
conducted through expert validation involving three material expert validators and three media
expert validators. All validators were selected based on the relevance of competencies to their
respective assessment areas. Furthermore, the practicality of the learning media was tested through
two stages, namely small group trials and large group trials. The small group trial involved 9 students
of class XI A who were selected purposively to represent high, medium, and low abilities. The large
group trial involved 27 students of class XI A of SMAN 2 Sungai Raya. The results of this study are in
the form of a learning media product based on Truth or Dare Cards on the Reaction Rate material
developed for class XI students at SMAN 2 Sungai Raya, with the following description.
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Define Stage

The Define stage is carried out to establish and define the requirements needed to develop learning
media. This stage includes five analytical steps: front-end analysis, learner analysis, task analysis,
concept analysis, and formulation of learning objectives.

The results of the front-end analysis indicate that chemistry learning at SMAN 2 Sungai Raya
is still dominated by lecture methods with the main learning resources being textbooks and practice
questions. Based on the results of observations, students appear passive and tend to only listen and
take notes on teacher explanations without adequate opportunities for discussion or participating in
interactive learning activities. Interviews with chemistry teachers revealed that the Reaction Rate
material is difficult for students to understand because it contains abstract concepts and
mathematical calculations. The limited variety of learning media causes the delivery of material to be
monotonous, so that students easily feel bored and their learning motivation decreases.

The results of student analysis through interviews with representatives of class XI A students
representing high, medium, and low abilities showed that all students stated that the Reaction Rate
material was difficult to understand, especially in the abstract concepts and mathematical
calculations. Students expressed their hope that innovative, interactive, and fun learning media
would be available to encourage their active involvement in the learning process.

Task analysis and concept analysis were conducted to map the Learning Outcomes (CP) and
Learning Objectives (TP) for the Reaction Rate material for grade XI of the Independent Curriculum.
The results of the analysis showed that the material focused on five factors that influence reaction
rates, namely: (1) temperature, (2) concentration, (3) surface area, (4) pressure in gas reactions, and
(5) catalysts. Based on the results of this analysis, learning objectives were formulated so that
students are able to identify, explain, and analyze these factors and relate them to phenomena in
everyday life.

Design Stage

The design phase encompasses three main activities: developing research instruments, selecting
media, and selecting card formats. The research instruments developed include a material expert
validation sheet, a media expert validation sheet, and a student response questionnaire. The
validation sheet is used to assess the appropriateness of the media in terms of content, presentation,
language, and design, while the student response questionnaire is used to assess the practicality of
the media after use in learning.

The media chosen is an educational game-based Truth or Dare Card consisting of 20 cards,
namely 10 Truth cards containing conceptual questions and 10 Dare cards containing tasks or
challenges related to the Reaction Rate material. The selection of this media is based on several
considerations, namely: (1) students need interactive learning media to encourage active
involvement in the learning process; (2) game-based media can increase students' motivation and
interest in learning; and (3) the group game format is able to create a fun, collaborative learning
atmosphere, and is centered on students.

The cards are designed to measure 6 x 9 cm using 260 gsm art carton and developed using the
Canva app. The card design combines text, illustrations, and contrasting colors to differentiate
between Truth and Dare cards. The media product also comes with a game guide that includes
instructions for use, game rules, card drawing mechanisms, assessment procedures, and the
teacher's role during the learning process.
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Truth or Dare cards are used in group learning of 4-6 students. Before the game begins, the
teacher explains the learning objectives, rules, and assessment procedures. Each group takes turns
drawing one Truth or Dare card based on the draw. Truth cards contain conceptual questions that
encourage students to identify, explain, and analyze the concept of reaction rate, while Dare cards
contain tasks or challenges that require students to apply the concept in contextual situations, solve
simple problems, or provide scientific explanations. Each answer or completion of the task receives
direct feedback from the teacher and group members to strengthen conceptual understanding. The
game lasts approximately 15-20 minutes, with the teacher acting as a facilitator who directs the
discussion, ensures the involvement of all students, and ensures that each challenge remains relevant
to the learning objectives and does not cause psychological discomfort. Thus, all activities on the
Truth and Dare cards are designed to support the achievement of the learning objectives of the
reaction rate material.

Truth or Dare cards are presented in the form of an educational game consisting of three main
components: the Truth or Dare card box and the front of the Truth or Dare card. The card box serves
as both a storage container and the media's identity. The front of the card displays the identity and
media design, which is uniform for all cards. While the back of the card contains the card number,
question, or challenge that must be completed by students. The appearance of each component of the
Truth or Dare card media is presented in the following image.

Tro, N. J. (2020). Chemistry: A Molecular
Approach (5th ed.). Pearson.

OpenStax, (2020), Chemistry 2e. OpenStax, Rice
Universty.

Zumdahl, 8. S., & Zumdahl, S, A. (2021).

Chemistry (11th ed.). Cengage Learning,

Belajar Kimia dengan

Tantangan Seru!

Picture 1. Truth or Dare Card Box Display
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Picture 3. Back View of Truth or Dare Card

Develop Stage

The Development phase aims to produce a viable Truth or Dare Card product through expert
validation, product revision, small group trials, and large group trials. In the validation phase, the
validators provided several inputs for product refinement. From the material aspect, the validators
suggested improving the wording of several questions for clarity, using more consistent chemical
terms, and adjusting several questions to the learning objectives of reaction rates. From the media
aspect, the validators suggested improving the text layout, increasing letter readability, adjusting
color combinations for better reading comfort, and refining the media usage instructions for easier
understanding by students.
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Based on this feedback, revisions were made to the content and presentation of the media
before the product was tested. These revisions included refining the wording of questions and
challenges on the cards, adjusting the visual design, improving the layout, and adding information to
the game guide. These revisions aimed to improve the clarity of the material, ease of use of the media,
and the alignment of the game activities with the learning objectives. After all improvements were
made, the product was revalidated and declared fit for use in the trial phase.

Validity of Truth or Dare Card Media

The validity of the Truth or Dare Card media was obtained through assessments by six validators,
consisting of three material experts and three media experts. The validation instrument used a 1-5
Likert scale that covered several assessment aspects. In material validation, aspects assessed
included the suitability of the material to the learning objectives, conceptual accuracy, language
clarity, and the suitability of the cognitive level of the questions. In media validation, aspects assessed
included visual appearance, readability, layout, ease of use, and quality of media presentation. In
addition to providing quantitative scores, the validators also provided written comments and
suggestions for improvement as part of the content validation process. The results of the assessments
by the material expert and media expert validators are presented in Tables 3 and 4 below:

Table 3. Expert Assessment of Truth or Dare Card Material

Subject Matter Expert Validity Percentage (%) Criteria
Subject Matter Expert 1 100% Very Valid
Subject Matter Expert 2 100% Very Valid
Subject Matter Expert 3 90% Very Valid
Average 96.66% Very Valid

Based on Table 3, the results of the material expert assessment obtained an average validity
percentage of 96.66%, categorized as very valid. Material Expert 1 and Material Expert 2 gave a
perfect rating of 100%, while Material Expert 3 gave a rating of 90%.

Table 4. Truth or Dare Card Media Expert Assessment

Media Expert Validity Percentage (%) Criteria
Media Expert 1 100% Very Valid
Media Expert 2 100% Very Valid
Media Expert 3 90% Very Valid
Average 96.66% Very Valid

Based on Table 4, the results of the media expert assessment obtained an average validity
percentage of 96.66%, categorized as very valid. Media Expert 1 and Media Expert 2 gave an
assessment of 100%, while Media Expert 3 gave an assessment of 90%.

b. Practicality of Truth or Dare Card Media

Media practicality was measured through a student response questionnaire consisting of 12
statements using a Likert scale of 1-5. The questionnaire covered five assessment aspects, namely:
(1) media appearance and design, (2) ease of use, (3) clarity of the material presented, (4) usefulness
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of the media in learning, and (5) learning motivation felt by students. Data collection was carried out
in two stages, namely a small-scale trial involving 9 students who were selected purposively to
represent high, medium, and low ability groups, and a large-scale trial involving 27 class XI A
students who did not participate in the small-scale trial. The results of student responses in both
stages were used to assess the level of media practicality and are presented in Table 5 below:

Table 5. Student Response Results to Truth or Dare Cards

No Trials Number of Students Percentage Criteria
(%)
1 Small Scale Trial 9 86.67% Very Practical
2 Large-Scale Trial 27 89.26% Very Practical

Based on Table 5, the small-scale trial obtained a practicality percentage of 86.67% and the
large-scale trial obtained a practicality percentage of 89.26%. Both trials were included in the very
practical category (81%-100%).

Discussion

The results of the study show that the Truth or Dare Card learning media for the Reaction Rate
material developed meets two product development quality criteria, namely valid and practical.
Based on the validity aspect, the assessments from material experts and media experts each obtained
an average percentage of 96.66%, with a very valid category. The high validity of the material aspect
indicates that the content of the Truth or Dare Card media has met the criteria for content feasibility,
including the suitability of the material with learning outcomes and objectives, the accuracy of the
reaction rate concept, the suitability of the cognitive level of the questions (C1-C3), and the relevance
of the material to the context of everyday life. The formulation of questions on the Truth cards and
tasks on the Dare cards based on concept analysis and task analysis also supports the suitability of
the media content with the established learning objectives. Meanwhile, the high validity of the media
aspect indicates that the visual appearance, layout, readability, illustrations, and physical format of
the cards are considered suitable for use in learning. The use of a card size of 6 x 9 cm, 260 gsm art
carton material, and different colors between the Truth and Dare cards are considered to support
ease of use and identification of card types during learning activities. In addition, the revision process
based on validator input contributed to improving the quality of the content and appearance of the
media before being tested on students. These results are in line with research (Widyana Salam &
Alizar, 2025b), which obtained a very valid category in the development of Truth or Dare card media
for the Atomic Structure material. Similar findings were also reported by (Tamami & Rusmini, 2024),
which shows that the Truth or Dare card media meets the validity criteria based on expert
assessment. The similarity of the results indicates that the Truth or Dare card game-based media has
the potential to be developed as a chemistry learning medium that is suitable for use based on the
aspects of the suitability of the content and media design (Erika et al.,, 2023).

Based on the practicality aspect, the results of the small-scale trial (n = 9) obtained a student
response percentage of 86.67%, while the large-scale trial (n = 27) obtained a percentage of 89.26%.
Both results are included in the very practical category (81%-100%). These findings indicate that
the Truth or Dare Card media received a positive response from students in both the small-scale and
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large-scale trials. The high level of practicality of the media is supported by several factors. First, the
simple game mechanism and clear instructions for use made it easy for students to understand the
rules of the game. Second, the visually appealing and easy-to-use card design supported the smooth
implementation of learning activities. Third, the material and questions related to everyday life
phenomena helped students understand the contents of the cards more easily. In addition, the
aspects of media usefulness and learning motivation received a positive response from students,
indicating that the media was well received during the learning process (Ucu Cahyana, et al.,, 2017).
This finding is in line with the practicality criteria put forward by (Azkiyah et al., 2022), which states
that a product is categorized as practical if it can be used easily in the learning process without
experiencing significant obstacles. Thus, the developed Truth or Dare Card media has a very good
level of practicality based on student responses in both trial stages.

The results demonstrate that the Truth or Dare card-based learning medium satisfied the two
quality criteria examined in this study: validity and practicality. Material and media experts each
assigned an average validity score of 96.66%, indicating that the reaction-rate content, question
formulation, cognitive levels, language, visual design, readability, layout, and physical format were
appropriate for classroom use. The practicality scores of 86.67% in the small-group trial and 89.26%
in the large-group trial produced an overall mean of approximately 87.97%, showing that students
perceived the medium as understandable, attractive, useful, and easy to operate. These findings are
theoretically consistent with research showing that game-based learning becomes educationally
valuable when game mechanics, learning objectives, content, feedback, and learner characteristics
are systematically aligned. Nevertheless, the high scores should be interpreted as evidence of expert-
judged feasibility and student-perceived usability rather than evidence of improved achievement or
conceptual understanding (Gui et al., 2023; Kalogiannakis et al., 2021).

The findings also correspond with recent Indonesian studies on game-based chemistry
learning and educational-media development. Lutfi et al. (2021) found that gamified chemistry
instruction could create a more enjoyable learning environment, while Zamhari et al. (2023)
reported highly positive expert and user evaluations of the TAPUBA puzzle as an independent
chemistry-learning medium. More specifically, Deaningtyas et al. (2024) developed an augmented-
reality-supported medium for reaction-rate learning, demonstrating the continued need for
instructional media that connect abstract chemical concepts with contextual and visual
representations. Hanafi et al. (2025) further identified motivation and engagement as dominant
outcomes in the development of chemistry gamification research, whereas Rumahorbo et al. (2025)
showed that contextual educational games could facilitate students’ understanding of reaction-rate
concepts. The present study extends these local findings by offering a low-technology printed
alternative that can be implemented without smartphones, internet access, or specialised digital
infrastructure (Deaningtyas et al., 2024; Hanafi et al., 2025; Lutfi et al., 2021; Rumahorbo et al., 2025;
Zambhari et al., 2023).

The findings have theoretical and pedagogical implications for game-based chemistry
instruction. The Truth cards provide opportunities for retrieval, explanation, and reinforcement of
previously learned concepts, whereas the Dare cards require students to apply concepts, interpret
contextual problems, and communicate scientific reasoning. This distinction gives the two card types
complementary cognitive functions rather than treating the game as a recreational addition to the
lesson. The design is comparable to the Compound Chain card game, which demonstrated that
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carefully structured matching and decision-making activities can support chemistry learning, and to
broader evidence that different game-based pedagogies can produce different learning experiences
depending on teacher facilitation and student participation. Reviews of non-digital and digital card
games also indicate that simple card formats can support interaction, repeated practice, immediate
feedback, and collaborative learning. Pedagogically, teachers should therefore use the cards as
structured tools for review, formative assessment, group discussion, and concept application while
continuing to provide scientific clarification, mathematical exercises, graphical interpretation, and
laboratory or demonstration activities (Ding & Yu, 2024; Szilagyi et al., 2025; Tursyngozhayev et al.,
2024).

At the institutional and policy levels, the product illustrates that meaningful instructional
innovation does not always require expensive digital technology. Schools can support teachers in
developing low-cost, curriculum-aligned learning media through chemistry-teacher working groups,
professional learning communities, internal workshops, and collaborative lesson-design activities.
However, institutional adoption should be accompanied by content review, media validation,
preparation of sufficient card sets, teacher guidance, and procedures for ensuring equitable student
participation. The novelty of this study lies in adapting the Truth or Dare format specifically to
reaction-rate concepts, differentiating the cognitive functions of Truth and Dare activities,
integrating familiar everyday phenomena, and evaluating the product through expert validation and
two independent user trials. Its principal contribution is therefore a systematically developed and
highly practical prototype for Indonesian senior high school chemistry, rather than proof that the
product is superior to conventional instruction. This cautious interpretation is consistent with
evidence that the educational contribution of games depends more on instructional design and
implementation quality than on the mere presence of game elements (Gui et al.,, 2023; Kalogiannakis
etal,, 2021).

Several limitations restrict the interpretation of the findings. The study involved only 36
students from one class and one school, used purposive selection in the small-group trial, relied
substantially on self-reported student responses, and did not include a control group, pre-test, post-
test, delayed-retention test, or direct observation of implementation fidelity. The percentage-based
validation procedure also did not examine inter-rater agreement or report indices such as Aiken’s V.
In addition, most card activities were limited to cognitive levels C1-C3, and the Disseminate stage of
the original 4-D model was not implemented. Future research should therefore involve larger
multisite samples, independent treatment and comparison groups, validated motivation and
engagement scales, classroom-observation data, teacher-usability assessments, and tests of
conceptual understanding, achievement, argumentation, and delayed retention. Further
development should incorporate higher-order tasks involving reaction-rate graphs, experimental
data, collision theory, symbolic representations, and scientific claims, followed by broader
dissemination and cost-effectiveness evaluation before institutional adoption is recommended (Ding
& Yu, 2024; Rumahorbo et al., 2025; Szilagyi et al., 2025). (ResearchGate

Conclusion

This study aimed to develop a Truth or Dare card-based learning medium for teaching reaction-rate
concepts to senior high school students and to determine its validity and practicality through expert
evaluation and limited field trials. Developed using a three-stage framework adapted from the Four-
D model (Define, Design, and Develop) the resulting instructional medium demonstrated a very high
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level of feasibility. Material and media experts each assigned an average validity score of 96.66%,
indicating that the scientific content, alignment with learning objectives, cognitive appropriateness
of the questions, visual design, readability, layout, and operational procedures were suitable for
classroom use. Furthermore, student responses produced practicality scores of 86.67% in the small-
group trial and 89.26% in the large-group trial, confirming that the medium was understandable,
engaging, accessible, and operationally manageable. These findings directly address the research
objectives by establishing that the developed product satisfies the essential criteria of validity and
practicality as an alternative instructional resource for reaction-rate learning. Theoretically, this
study extends the application of game-based learning principles in chemistry education by
demonstrating how conceptual questions, contextual challenges, collaborative interaction, retrieval
practice, and immediate feedback can be systematically integrated into a structured card-based
medium. Methodologically, it illustrates the value of combining needs analysis, iterative product
design, expert judgment, revision, and user-response evaluation in educational media development.
Practically, the medium offers chemistry teachers an interactive strategy for reducing classroom
monotony, encouraging active participation, and facilitating discussion of abstract reaction-rate
concepts. Nevertheless, the findings should be interpreted within several limitations, including the
involvement of students from a single school, the relatively small sample, the restricted duration of
implementation, the omission of the Disseminate stage, and the absence of an experimental
assessment of learning effectiveness. Future studies should therefore implement the complete Four-
D model, involve larger and more diverse participant groups, examine long-term classroom
implementation, and employ experimental or quasi-experimental designs to investigate effects on
conceptual understanding, learning achievement, motivation, argumentation, and knowledge
retention. Ultimately, this study provides a credible foundation for advancing pedagogically aligned
game-based media and supports the broader development of active, meaningful, and evidence-
informed chemistry learning.
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