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ABSTRACT

Critical thinking is essential for students’ academic and life success, yet many
students perform poorly because instructional approaches often fail to
promote higher-order thinking. This study developed an interactive learning
medium that integrates Socio-Scientific Issues (SSI) using Articulate
Storyline and evaluated its validity, practicality, and effectiveness in
improving students’ critical thinking about chemical bonding. The research
employed a Research and Development (R&D) design based on the ADDIE
model (Analysis, Design, Development, Implementation, Evaluation).
Participants were 67 eleventh-grade students (34 from XI-1 and 33 from XI-
4), aged 15-16 years. Data were collected using validation sheets,
questionnaires, observation sheets, and pretest—posttest critical thinking tests.
Results showed the media was valid (content validity index = 0.97), highly
practical (mean practicality score = 4.33), and effective (mean N-gain=0.77),
indicating substantial improvement in students’ critical thinking. The study
concludes that SSI-based interactive materials developed with Articulate
Storyline are feasible and effective for teaching chemical bonding;
theoretically, the findings support the role of SSI and digital interactive media
in fostering higher-order thinking, and practically, teachers are recommended
to adopt these materials to enhance critical-thinking instruction.

This is an open access article under the CC-BY-SA license.
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https://doi.org/10.21831/jitp.v12i4.88558

INTRODUCTION

Critical thinking can be defined as the ability to draw logical conclusions from existing
evidence, engage in rational thinking, and maintain intellectual honesty (Santyasa et al., 2021).
Critical thinking skills are essential for everyone to have, because through critical thinking skills,
everyone can think logically, be able to interpret information, make decisions and the right choices
based on the data obtained and conduct analysis in various areas (Safarati & Zuhra, 2023; Sudiarti et
al., 2023; Zuhra & Avrifiyanti, 2021). Students' critical thinking skills are suboptimal because school
learning still lacks activities to hone them (Agnafia, 2019).

Cooperation and interaction between teachers and students are needed to support the
improvement of students' critical thinking skills (Ramadhanti & Agustini, 2021). In addition,
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teachers must integrate learning media, learning processes, and assessment methods to train essential
thinking skills (Yulianti et al., 2022). PowerPoint (PPT) is a learning medium often used (Susilawati
et al., 2021). Although often used, learning media such as PPTs have several limitations. A lecture-
based approach can reduce students' active involvement in the learning process, as they tend to
receive information passively without meaningful interaction, leading to boredom (Trisantri et al.,
2024). This limited interaction also contributes to the underdevelopment of students' critical thinking
skills (Baker et al., 2018).

Learning media suitable for the current era is interactive, engaging learners through images,
colours, text menus, animations, videos, audio, and quizzes. Learners can directly use and interact
with the material being studied (Safira et al., 2021). This approach aims to create a more memorable
learning experience, make it easier for students to understand the material, encourage them to be
more active, and enhance the effectiveness of the classroom learning process (Inayah et al., 2023).
One learning medium that can improve critical thinking skills is interactive learning media (Blyznyuk
& Kachak, 2024; Dermawan et al., 2025; Febliza et al., 2023). The use of interactive learning media
is considered necessary in the learning process because it can create broader and deeper interactions
(Mustika et al., 2018). Interactive media is an innovation on previous learning media; it combines
text, sound, images, and video in a single digital format (Jazuli et al., 2017).

The software used to create interactive learning media is Articulate Storyline. It is a software
that functions as a presentation and communication tool. This application allows users to start with
available templates and customise the characters according to their preferences (Wahyuni et al.,
2022). Articulate Storyline also has features for adding audio, video, animation, quizzes, and
assessments (Sukmarini et al., 2021).

Various studies have developed Articulate Storyline-based learning media used across fields
such as biology, chemistry, and others (Daryanes et al., 2023). In chemistry, this media is used to
support learning, both in class and in independent learning at home. For example, on chemical
bonding materials, Articulate Storyline media is designed using videos, images, interactive
characters, and evaluation questions to improve student understanding (Lestarani et al., 2023). In
addition, similar media have been developed for atomic structure and the periodic table of elements,
which can help students interact actively and assist them in understanding concepts through
visualisation and demonstrations of materials (Lestarani et al., 2023).

Although previous studies have demonstrated that the use of Articulate Storyline (AS) is
effective in enhancing student engagement, visualisation, and conceptual understanding, most have
primarily emphasised its technological aspects, such as animations, videos, and interactive features.
On the other hand, research on Socio-Scientific Issues (SSI) highlights the importance of
incorporating real, controversial, and socially relevant issues to foster critical thinking and evidence-
based decision-making. Nevertheless, studies that explicitly integrate the interactive technological
affordances of AS with the contextual depth provided by SSI remain scarce, particularly in chemistry
learning. This gap establishes the research gap while simultaneously opening the space for novelty,
namely the development of interactive learning media that are not only visually engaging but also
designed to cultivate higher-order critical thinking through the integration of socio-scientific issues.
However, to date, no articulate storyline has been developed that integrates with the socio-scientific
issues (SSI) approach in chemistry learning. The use of social problems in education is believed to
train students' critical thinking skills (Sasmazoren et al., 2022). SSI is a pedagogical approach that
combines social and scientific perspectives to address real-world problems and foster critical
thinking among learners (Cebesoy & Rundgren, 2023).

Chemical bonding material is an abstract concept Rahman et al., (2024), complex and
challenging to understand by students because it is not enough to rely solely on theory, but also
requires learning strategies that can manage conceptual plurality, such as microscopic side
visualisation to clarify understanding of atomic structure and ionic interactions (Nehring & Schanze,
2025). This difficulty increases if the material is only delivered theoretically without direct
experience, which can hinder students' understanding of fundamental concepts, such as the
mechanism of electron acceptance and release in ions (Sutrisno et al., 2020) To overcome these
obstacles, exploratory activities are needed that encourage students in the process of investigation,
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analysis, and inference, so that they can understand abstract chemical concepts more deeply and
contextually (Harefa, 2020; Natasya et al., 2025).

Applying the SSI approach can be an effective strategy to help learners better understand the
concept of chemical bonding while improving their critical thinking skills. A study by Gulacar et al.,
(2022) provides empirical evidence that discussions around socio-scientific issues (SSI) are effective
in changing students' perceptions of science and their career aspirations, and recommends practical
methods to encourage students to become science-literate and global citizens. In line with these
findings, (2024) showed that integrating SSI into science learning significantly increased students'
interest in science.

Based on previous studies, most developments of Articulate Storyline (AS)-based media in
science education have focused either on enhancing visualisation and interactivity or on
incorporating contextual issues through the Socio-Scientific Issues (SSI) approach. However, these
two aspects are rarely combined within a single instructional design, particularly in chemistry
learning. Accordingly, the identified research gap concerns the limited application of AS-based
media in combination with the SSI approach within chemistry education. Addressing this gap is
expected to yield theoretical contributions by advancing the development of instructional media
models that unify digital interactivity and socio-scientific contexts. In addition, it offers practical
contributions by providing chemistry teachers with interactive learning media that enhance
contextualization, reflection, and meaningful learning experiences for secondary students.

This research aims to develop an interactive learning media in Articulate Storyline using the
Socio-Scientific Issues (AS-SSI) approach to improve critical thinking skills in understanding
chemical bonds. This media is designed to be interesting and easy to use by integrating text, sound,
images and videos. The use of media and social issues in learning is expected to train students' critical
thinking skills in solving daily life problems. The results of this study make a significant contribution
to improving the quality of chemistry learning by encouraging the development of students’ critical
thinking skills through the application of Facione critical thinking framework-based tests. The use of
articulate storyline interactive learning media designed with a socio-scientific issues approach, thus
creating a more contextual, reflective, and meaningful learning experience.

Theoretically, this research contributes to the literature by offering an integrated framework
of digital interactive media and SSI to enhance critical thinking. In practice, it provides teachers with
an alternative instructional medium that can enrich classroom practice and motivate students to learn
chemistry more meaningfully.

METHOD

This study uses a Research and Development (R&D) approach to design and develop
interactive learning media on chemistry bonding materials, grounded in Socio-Scientific Issues (SSI),
using the Articulate Storyline 3 application. The development model chosen is ADDIE (Analysis,
Design, Development, Implementation, Evaluation). Theoretically, ADDIE was selected because it
provides a systematic, iterative framework for needs analysis, learning objectives and interface
design, product development, implementation in a real context, and formative and summative
evaluation, allowing for repeated revisions until the product meets the expected criteria of validity,
practicality, and effectiveness. ADDIE is also suitable for digital media development because each
phase connects pedagogical aspects (learning objectives & indicators), content (scientific/content),
and technical aspects (interaction design, multimedia, and evaluation), thereby supporting the
instructional quality of the developed media (Dewi et al., 2022).

Time and Place of Research

The research was conducted at Senior High School 1 Alalak, Barito Kuala Regency, South
Kalimantan Province, in the odd semester of 2024/2025 (September—October 2024).
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Research Subjects and Samples (Sample Characteristics)

a.

Population & Sample: The main sample consisted of two 11th-grade classes (class XI-1, n = 34;
class XI-4, n = 33; total n = 67) that were selected purposively (entire courses) due to
considerations of accessibility and suitability of the learning schedule.

Reported demographics: For each class, the following will be reported: number of participants
per class, age range (15-16 years old), gender (M/F), final semester report card scores in
chemistry (average and standard deviation), and basic digital literacy level (e.g., self-reported
familiarity with learning platforms: high/medium/low).

Validators/experts: There are 4 Chemistry Education lecturers and 1 high school chemistry
teacher (total = 5 experts) who act as validators of materials and media. The criteria for selecting
experts are explained in the following section.

Operational Definition & Criteria for “Expert”

Operationally, an expert is defined as an individual who meets at least two of the following

criteria:

a.

b.

Minimum Master's degree (M.Pd/M.Si) or Doctorate in Chemistry Education, Science
Education, or Educational Technology;
Have > 3 years of experience teaching chemistry at the upper secondary level (for teachers) or
> 3 years of research/publication experience related to science/educational technology learning
(for lecturers);
Have experience or technical understanding of using Articulate Storyline or developing digital
learning media;
Have been involved as a validator/assessor of educational instruments in previous research or
development.

The selection of experts was conducted using purposive sampling, based on recommendations

from the principal and the academic network of the study program. The identities of the experts were
reported in summary form (qualifications, affiliations, experience) without presenting sensitive
personal data.

Development Procedure (Details of Each ADDIE Phase)

The development stages used in this study are shown in Figure 1.

Analyse

a. Literature study to determine competencies, learning indicators, and curriculum standards
(Merdeka Curriculum).

b. Semi-structured interviews with chemistry teachers and small group discussions with several
students to identify barriers to learning chemical bonding and media needs.

¢. Results: learning objective design and media content blueprint (material, contextual SSI, and
critical thinking measurement indicators).

Design

a. Develop measurable learning objectives and media story maps (navigation flow, SSI
scenarios, interaction types, formative evaluation).

b. Develop a table of critical thinking test item specifications (question blueprint) based on
Facione (1990) indicators: interpretation, analysis, evaluation, inference, explanation, and
self-regulation.

c. Design an essay (analytical) assessment rubric and practicality questionnaire
(teacher/student), along with a learning observation sheet.

Development

a. Content development (text, video, images, quizzes) and interaction coding using Articulate
Storyline 3.

b. Initial prototype creation and interface design (background created with Canva; converted
into deployable files using Web2Apk Builder for mobile testing purposes if needed).

c. Preparation of expert validation sheets (consisting of the following components: content
validity, construction, language, and media/usability aspects).
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4. Validation (Expert Assessment)

a. Experts receive a validation package that includes: prototype products, validation sheets
(Likert scale 1-5 for each item), assessment instructions, and open comment areas.

b. Experts are asked to assess the following dimensions: (a) content validity (suitability of
material to learning indicators), (b) scientific accuracy, (c) suitability of SSI context, (d)
clarity of language, (e) interface and navigation design, (f) interactive functions
(quizzes/feedback).

¢. Quantitative validity analysis was performed using Aiken's V for each item; items were
considered valid if V > 0.80. In addition, qualitative comments from experts were used to
revise the product. If there were items with V < 0.80, revisions were made and (if necessary)
a second round of validation was conducted.

d. The operationalisation of expert assessment and the Aiken formula will be explained in the
instrument appendix (validation form and calculation examples).

5. Trial

a. Individual trial: 5 students (to test readability, navigation, and technical errors). Data:
completion time, navigation difficulties, open comments.

b. Small group trial: 10 students (to observe the learning flow and initial responses to SSI-
based tasks). Revisions were made after each trial phase based on feedback.

c. Field implementation: application in two full classes (n = 67) to test practicality and
effectiveness.

DESIGN

e Determine media and format.

o Designing Articulate Storyline media
based on Socio Scientific Issue (SSI).

o Developing research instruments:
critical thinking questions, readability
guestionnaire, teachers' and learners'
response questionnaire, and learning
observation sheet.

. -

EVALUATE
Evaluate learning media based on the results of validation from experts (material &
media), learner and teacher responses, and observations of learning implementation.
Evaluation is carried out continuously at each ADDIE stage to ensure the quality
and suitability of the media with learning objectives.

T T \ 4

IMPLEMENT

e Implementing the media in real DEVELOP
classrooms.

e Testing the practicality and
effectiveness of the media in
improving students' critical thinking
skills in two different classes.

ANALYZE
e ldentify learning problems through
interviews with teachers and students.
e Analyzing chemistry learning —»
outcomes in the Merdeka
Curriculum.

A

e Develop  SSl-based chemistry
learning media.

e Conduct expert validation, individual
trial, and small group test.

Figure 1. Steps of the ADDIE Development Model
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Research Instruments

a.

Expert Validation Form

1) Likert scale 1-5 with dimensions: content relevance, conceptual completeness, scientific
accuracy, language, interface & navigation, multimedia quality, and evaluation quality
(quiz).

2) Open a comment column for improvement suggestions.

3) Analysis: Aiken's V per item & per domain; quantitative summary report plus a summary
compilation of qualitative suggestions.

Practicality Questionnaire

1) Administered to teachers and students after implementation; 5-point scale (1 = strongly
disagree to 5 = strongly agree).

2) Domains: ease of use, visual appeal, learning engagement, SSI relevance, and timing
appropriateness.

3) Construct validity tested through expert review; instrument reliability tested using
Cronbach's alpha (o > 0.70 considered acceptable).

Learning Observation Sheet

1) Structured checklist to observe implementation (e.g., student engagement, use of AS
features, SSI discussion activities, and time management).

2) Two observers (researcher + trained observer) will conduct observations at several meetings;
inter-observer reliability will be calculated using Cohen's kappa or percentage of agreement
(threshold values will be reported).

Critical Thinking Test

1) Consists of 6 items based on the blueprint (Facione, 1990); each item is designed to measure
specific indicators.

2) Analytical assessment rubric: each indicator is assessed on a scale of 0—4 (0 = no response;
4 = complete and in-depth answer). A detailed rubric is included in the appendix.

3) reliability & Inter-rater Agreement: two independent raters will assess all responses; the
Intraclass Correlation Coefficient (ICC) or Cohen’s kappa will be calculated depending on
the nature of the score (ICC for interval/total scores; kappa for categories). An ICC value >
0.75 is considered good.

Expert Assessment and Instrument Validation Procedure (Step by Step)

1.

2.

ok~

Initial instrument development by the research team based on the curriculum blueprint and
Facione (1990).

Submission of the validation package (media + validation sheet) to 5 experts who meet the
criteria.

Experts fill out the validation sheet (quantitative) and write comments per item (qualitative)
within 10 working days.

The research team calculates Aiken's V per item and domain; compiles qualitative comments.
Items/sections with V < 0.80 or receiving must-fix comments are revised. If substantial revisions
are needed, a second round of validation is conducted to ensure improvements.

After adequate expert validation (V > 0.80 and expert agreement on key aspects), the instrument
proceeds to the student trial phase.

Data Analysis Techniques: Practicality (questionnaires & observation)

1) Calculate the mean score and standard deviation for each domain/questionnaire.
2) Practicality categories use predetermined criteria (e.g., 4.20-5.00 = efficient, etc.) presented
in Table 1.

Table 1. Practicality Analysis Criteria

No. Score Category

1 420 <V <5.00 Very Practical

2 340<V <420 Practical

3 260 <V <340 Practical Enough
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No. Score Category
4 1.80<V <260 Not Practical
5 1.00<V <1.80 Not Very Practical

(Syahmani et al., 2022)

Questionnaire reliability test: Cronbach's alpha; report a values and item-totals if there are
items with reduced reliability.

Observation: calculate the percentage of compliance with learning indicators; inter-observer
reliability is calculated (Cohen's kappa or ICC).

Content Validity (Aiken's V)

Calculate Aiken's V for each item on the validation sheet; the formula and interpretation of
the results are reported. Items with V > 0.80 are retained; V between 0.40-0.79 are revised;
V <0.40 are considered necessary for deletion or reconstruction. Content validity is analysed
using Aiken's V formula (Azwar, 2012).

- Xs (l)
v [n(c-1)]

Description:

s=r—1Fa

r = the number given by an assessor

1 = the lowest validity assessment number
¢ = the highest validity assessment number
n = number of raters

The validity assessment criteria based on Aiken's V scale are shown in Table 2.
Table 2. Validity based on Aiken's V scale

No. Aiken's V Scale Statistics Category
1 V<04 Less

2 04<V<08 Moderate
3 08<V Valid

(Yolanda, 2020)

b. Effectiveness (Critical Thinking Test)

1)
2)

3)
4)

Initial step: test the normality of the pretest and posttest score distributions (e.g., Shapiro-
Wilk).
If the data are normally distributed: perform a paired-sample t-test to test the difference
between the pretest and posttest means; report the t-value, df, and p-value.
If not normally distributed: use the non-parametric Wilcoxon signed-rank test.
Calculate the N-Gain for each student and the class average N-gain; use Hake's criteria (n >
0.7 = high, 0.3 < n < 0.7 = moderate, n < 0.3 = low). The N-Gain Score is calculated as
follows:

. _ Spost—Spre 2
N-galn - Smask_spre ( )
Description:
Ngain = gain normality test value
Spost = pOst-test score
Spre = pre-test score

Smax = max score

The criteria for assessing the n-gain score are shown in Table 3.
Table 3. N-Gain Criteria

No  Score N-gain Category
1 n>0.7 High
2 03<n<0.7 Moderate
3 n<0.3 Low

(Hake, 1999)
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5) Practical effect report: calculate Cohen’s d (paired) to measure effect size (d = mean
difference / pooled SD). Interpretation of the three categories (small/medium/large) is
included.

6) If possible, additional analyses can be performed to test the influence of demographics (e.g.,
gender, prior ability) on critical thinking improvement using independent t-tests or
ANOVA/Mann-Whitney tests as needed.

c. Reporting

1) All results are reported with descriptive values (mean = SD), effect sizes (Cohen’s d), and
statistical significance (p-values). Qualitative results (expert comments and student
feedback) are presented as thematic summaries to explain quantitative findings and justify
product revisions.

d. Analysis Software

1) Descriptive and inferential statistical analyses were performed using statistical software (e.qg.,
the latest version of SPSS or R). Aiken's V calculations can be performed manually or using
the script/sheet described in the appendix.

RESULTS AND DISCUSSION

Results

This development produces interactive learning media for chemical bonds using AS-SSI. The
following are the research results based on the stages completed.

Analysis Phase

Based on the results of the initial needs analysis, learner analysis, and material analysis, it was
found that students show low interest in chemical bonding due to its abstract nature. Consequently,
conventional media such as PowerPoint presentations and whiteboards are considered less effective
in facilitating students’ understanding of the topic (Mulyasari & Doly, 2023). Therefore, it is
necessary to develop interactive learning media that integrate a social science issue-based approach,
helping students better understand the material and improve their critical thinking skills.

Design Stage

This stage is a continuation of the analysis stage, where the primary focus is to design
interactive learning media (Fitriyah et al., 2021), including designing media backgrounds to suit
learning objectives and characteristics, then collecting videos and images supporting learning,
compiling materials along with research tools and instruments to assist quantitative data collection
and recapitulation during research. The results from this stage are in the form of interactive learning
media using AS-SSI, ready for development, along with research tools ready for use.

Development Stage

This stage is for developing interactive learning media on chemical bonds using AS-SSI. The
learning media developed is an application that can be accessed directly on a cellphone. This
interactive learning media is structured with a framework that includes a login page, a user manual
page, a main menu, core competencies, basic competencies, learning materials, sample guestions,
practice questions, and the author's bio. The parts of this interactive learning media are classified as
follows:

a. Login Page
The attractive appearance of the login page aims to create a positive first impression, motivating
students to be more enthusiastic about exploring the material presented. The illustration for the
login page is shown in Figure 2.
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Figure 2. Login Page of Interactive Learning Media

Instructions for Use
Instructions for use serve as an initial guide for students to understand how to interact with the
media. The illustration for the instructions-for-use page is shown in Figure 3.

PETUNJUK PENGGUNAAN
@ Tombel home (menu utama)

o Tombel back (kembali ke slide sebelumnya)
° Tombel next ( ke slide selanjutnya)
L Tombel play video

g Tombal pause video

f

Figure 3. Instructions for Using Interactive Learning Media

The main menu page serves as a navigation hub, making it easy for learners to access media
content. The illustration for the main menu page is shown in Figure 4.

Selamat datang Siti dari Kelas XI di Menu Utama. Ayo
Silahkan pilih menu - menu di bawah ini.

& Media Pembetajaran lkatan
7 Kimia Menggunakan AS-SSI 2
> PENDA

-
> EVALUASI

Figure 4. Main Menu of Interactive Learning Media

Introduction Page
The introduction page features two buttons that direct users to pages containing the learning
outcomes and learning objectives. An illustration of the introduction page is shown in Figure 5.
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Figure 5. Interactive Learning Media Introduction Page

d. Material
This section presents learning materials and example problems using the SSI (Socio-Scientific
Issues) approach. The topics covered include the duplet and octet rules, covalent bonds, ionic
bonds, and metallic bonds. Students will also learn how to identify the type of covalent bond—
polar or nonpolar based on the electronegativity difference between the atoms and the molecular
shape. An illustration of the Materials page is shown in Figure 6.

éﬁf-— Q

nomor atom 16, Sedangkan Tkatan kovalen
atom O memilki nomor

°
XX

atom 8. Dengan demikian :§' + 256* - §xx ;-S-;: .
dapat disusun kofigurasi . w xx l
elektron S dan O sebagai

berikut Tkatan kovalen

koordinasi

85=286

oW o

Figure 6. Interactive Learning Media Material Page

e. Evaluation
The evaluation section in this media is designed to measure students' understanding through
quizzes. The illustration for the evaluation page is shown in Figure 7.

Manakah di antara senyawa berikut yang memiliki ika
kovalen?

KBr
NaCl
H:0
Kl

Figure 7. Interactive Learning Media Evaluation Page

A team of validators then validated the interactive learning media, testing their validity and
feasibility before proceeding to the implementation stage. The validators chosen were 4 Chemistry
Education lecturers and 1 chemistry teacher. This validation process involves material expert
validators and media expert validators. The results of the validity test of interactive learning media
using AS-SSI for material experts are presented in Table 4.
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Table 4. Interactive Learning Media Validation Test Results According to Material Experts
Validator

No. Assessment Aspects I T T TYARRY; Score Validation  Information
1 Material Suitability 24 25 23 25 25 0.97 Valid
2 Affective Impact 10 9 10 10 10 0.98 Valid
3 Expediency 15 15 14 15 15 0.98 Valid

Table 5 presents the results of the validity assessment of the AS-SSI-based interactive learning
media as evaluated by media experts.

Table 5. Results of Interactive Learning Media Validation Tests According to Media Experts

No  Assessment Aspects I T Va:lﬂatorlv v Score Validation Information
1 Design 28 30 27 30 30 0.96 Valid
2 Language 25 24 25 25 25  0.99 Valid
3 Ilustration 9 10 9 10 10 0.9 Valid
4 Typography 18 20 18 20 20 0.95 Valid

Implementation Stage

At this stage, the interactive learning media and research instruments have been improved
based on feedback from experts or validators, and the results of individual and small-group
readability tests were implemented in the classroom. The media, distributed in application form, are
used in the chemistry learning process and can be accessed directly by both teachers and students.
During this implementation phase, the practicality and effectiveness of the developed interactive
learning media are evaluated. The practicality test results are based on limited-trial readability,
student responses to the media, teacher responses, observations of teacher proficiency in using the
media, and observations of lesson implementation. A summary of the practicality results of the
interactive learning media is presented in Table 6.

Table 6. Recapitulation of Practicality Test

No. Component Class X1'1 Class X1 4

) Average Category Average Category
1 Legibility 4,51 Very Practical 4.40 Very Practical
2 Student Response 4.49 Very Practical 4.33 Very Practical
3 Teacher Response 4.80 Very Practical 4.80 Very Practical
4 The teacher's ability to use media  4.15 Practical 4.10 Practical
5 Learning Implementation 4.09 Practical 4.03 Practical
Score 441 Very Practical 4.33 Very Practical

The effectiveness of the developed interactive learning media was evaluated using students’
pre-test and post-test scores. The pre-test was designed to assess students’ prior knowledge and level
of critical thinking skills before learning the chemical bonding material through interactive media,
while the post-test aimed to measure their final understanding, specifically their critical thinking
skills. The test items for both the pre-test and post-test were developed based on Facione’s critical
thinking skill indicators: interpretation, analysis, evaluation, inference, explanation, and self-
regulation. The assessment was conducted in two classes, X1 1 and XI 4. The results of the critical
thinking skills test for class X1 1 are shown in Table 7.

Table 7. Results of Critical Thinking Ability Test for Class X1 1

No. Indicator Pre-test  Post-test Difference 100-Pre-test N-gain Category
1 Interpretation 46.32 91.17 44.85 53.67 0.83 High

2 Analysis 52.20 88.97 36.76 47.79 0.76 High

3 Evaluation 57.35 89.70 32.35 42.64 0.75 High

4 Inference 51.47 91.17 39.70 48.52 0.81 High

5 Explanation 52.94 84.55 31.61 47.05 0.67 Medium
6 Self-Regulation 47.05 91.17 44.11 52.94 0.83 High
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As shown in Table 7, the indicators of interpretation, self-regulation, inference, analysis, and
evaluation are in the high category, while the explanation indicator is in the medium category. The
results of the critical thinking skills test for class X1 4 are presented in Table 8.

Table 8. Results of Critical Thinking Ability Test for Class X1 4

No Indicator Pre-test  Post-test Difference 100-Pre-test N-gain Category
1 Interpretation 58.33 92.42 34.09 41.66 0.81 High
2 Analysis 45.45 85.60 40.15 54.54 0.73 High
3 Evaluation 37.87 84.09 46.21 62.12 0.74 High
4 Inference 49.24 92.42 43.18 50.75 0.85 High
5 Explanation 57.57 90.15 32.57 42.42 0.76 High
6 Self-Regulation 45.45 84.09 38.63 54.54 0.70 High

While Table 8 shows that the most significant increase is the inference indicator, followed by
indicators of interpretation, explanation, evaluation, analysis, and self-regulation, all in the high
category. From these two datasets, it can be concluded that the developed interactive learning media
is efficacious in improving all indicators of critical thinking skills.

Evaluation Stage

Evaluation is carried out at every stage of development to ensure the quality of the outcomes.
Furthermore, a comprehensive assessment is conducted at the end of the study to review all
completed stages. This process aims to refine the interactive learning media tested in two classes,
enabling further development and making them ready for dissemination and sustainable use in
chemistry learning.

Discussion

Innovation in school learning has been proven to have a significant positive impact on the
quality of the learning process. For example, a meta-analysis concluded that the use of innovative
learning methods or approaches in mathematics and science can improve students' overall learning
achievement (Niza & Suyanto, 2023). These findings indicate that teachers need to provide media
and strategies that can stimulate student engagement, so that learning is not only informative but also
transformative.

One crucial aspect that can be improved through learning innovation is critical thinking skills.
These skills develop when students are exposed to media that require them to analyse, evaluate, and
compare information independently. Previous studies have reported that the application of e-learning
and digital media in learning has a significant impact on improving students' critical and creative
thinking (Indriani et al., 2023). Thus, integrating appropriate learning media is an essential
foundation for honing students' thinking skills.

Articulate Storyline is one of the interactive media that can support the development of critical
thinking skills. Through interactive features, diverse media visualisations, and the ability to provide
immediate feedback, this media allows students to be actively and reflectively involved in the
learning process. The use of simulations, graded questions, animations, and visual icons can trigger
students to ask questions, discuss, and build arguments critically. Several features, such as interactive
buttons, structured quizzes, multimedia/HTML output, and branching that allows for different
learning paths based on student responses, make Articulate Storyline a medium that is not only
interesting but also capable of stimulating deep thinking (Miftahurrahman et al., 2024).

In this study, Articulate Storyline was further developed by integrating SSI as a learning
context. This integration expands the use of Articulate Storyline from merely supporting conceptual
understanding to learning that demands ethical, scientific, and social reflection in real life. This
approach aligns with previous findings, which confirm that science learning using Articulate
Storyline can increase student engagement and learning outcomes (Juhaeni et al., 2021). The
difference is that this study emphasises that combining Articulate Storyline with SSI can lead
students to engage in a more comprehensive critical thinking process, requiring them not only to
understand concepts but also to consider social implications and make decisions based on scientific
arguments.
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The results of this study indicate that the validity of the SSI-based Articulate Storyline media
developed falls within the valid category, with scores of 0.98 for material validity and 0.96 for media
validity. This is in line with the research by Nuzulah et al. (2023) and Pratiwi & Alim (2022), which
show that learning media developed with an Aiken's V value > 0.80 falls into the highly valid
category and is ready for implementation in the learning process. Meanwhile, if the validation score
is < 0.4, which falls in the less valid category, the interactive learning media based on an articulate
storyline must be revised extensively in accordance with the suggestions and input from subject
matter experts, media experts, and teachers (Adhiana et al., 2022).

The practicality of this media was also assessed based on teacher and student responses, and a
practicality test score of 4.33 was obtained, indicating it is convenient. This means the media are
easy to use and flexible, so they can be used anytime, anywhere, as part of the learning process about
chemical bonding. This is in line with research on the practicality test results of the articulate
storyline interactive learning media conducted by Ananda et al., (2024) which reported a practicality
test score of 4.32 in the convenient category, indicating that the articulate storyline media is easy to
use in the learning process. The practicality of this media is also reinforced by the integration of SSI,
which has been proven to make students more enthusiastic about discussing and actively participating
during learning.

The effectiveness of the media was also demonstrated by improvements in students’ critical
thinking skills after using SSI-based Articulate Storyline media. This was also confirmed by several
previous findings by Rea et al., (2024); Sudiasih et al., (2022); Wijayanti et al., (2022) and Wahyuni
et al., (2022), who stated that the use of Articulate Storyline can help improve students' critical
thinking skills because interactive learning media are effective in arousing interest, increasing
motivation, stimulating learning activities, and facilitating understanding because the material is
presented interestingly. However, this study provides new evidence that effectiveness is higher when
learning content is linked to socio-scientific issues relevant to everyday life, such as environmental
and health issues.

Interactive learning media using AS-SSI are categorised as effective. This means that the
media can improve students' critical thinking skills. This is in line with the research by Heliawati et
al., (2022) which states that gamification-based multimedia articulate storyline 3 will be considered
adequate if it obtains an N Gain value of > 0.3, which is classified as moderate or high.

The improvement in students' critical thinking skills, as evident in the learning outcomes, is
insufficient to conclude that the developed interactive learning media is effective overall. The
effectiveness of the media needs to be further analysed based on each indicator of critical thinking
skills, namely interpretation, analysis, evaluation, inference, explanation, and self-regulation,
through questions that represent each of these competencies.

Based on the data obtained, the lowest n-gain score was observed in questions with explanation
indicators in class XI-1, in the moderate category. This low score was due to the explanation indicator
requirement that students provide structured, logical reasons for their answers. Difficulty in relating
answers to the concepts learned was one of the contributing factors. This aligns with Laliyo et al.,
(2023), who stated that students often have difficulty constructing logical, structured scientific
explanations, especially in chemistry. However, the moderate category is still considered adequate
because it is not classified as low. In addition, in class XI-4, the n-gain score for the explanation
indicator was in the high category. Thus, the six questions developed are effective in improving
students' overall critical thinking skills.

This study shows that the development of SSl-based media has a strong implication for
improving students' critical thinking skills. By engaging with real-world problems, students are
trained to analyse data, evaluate arguments, and make evidence-based decisions. The use of
Articulate Storyline makes learning more interactive, as students not only receive information but
also practice identifying problems, finding solutions, and building arguments through videos and
quizzes, which are then reinforced with a complex and relevant SSI approach. These findings are
supported by research by Indriani et al., (2023) which shows that interactive digital media can
improve students' critical thinking skills.
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In addition to contributing to chemistry learning and the development of critical thinking, this
study also has implications for educational management by emphasising the importance of using
technology as a learning innovation. However, the media is still limited to Android devices, does not
yet support iOS, and is large, requiring more storage space. These limitations form the basis for
further development so that the media is more device-friendly, efficient, and can be researched in a
broader context.

CONCLUSION

This study produced interactive learning media on chemical bonding using AS-SSI, which has
been proven valid (0.97), practical (4.33), and effective (n-gain = 0.77), placing it in the high
category. The implications of this study confirm that integrating SSI into Articulate Storyline media
can enrich learning, shift the focus from mere mastery of concepts to critical thinking, help students
find solutions, and increase their sensitivity to social and environmental issues.

The use of SSl-based Articulate Storyline opens up new opportunities for teachers to create
more contextual, interactive, and meaningful learning experiences. Teachers are encouraged to begin
integrating the SSI approach into the design of digital learning media to further hone students' critical
thinking skills.

For further research, similar media can be tested with other materials or in different classes.
They can also be developed with features for home and group learning to strengthen students'
independence and collaborative learning. Thus, this study makes a real contribution to the
development of education and opens up new opportunities for innovation in the use of SSI-based
digital technology. Recommendations for further research include using the professional Articulate
Storyline to support the HTML5 format so that it can be accessed on various smartphones, using
premium Web 2 Apk Builder software for conversion, replacing videos with online links so that the
files received by students are not too large, and involving more schools in future research.
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