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ABSTRACT

Developing Higher Order Thinking Skills (HOTS) remains a major obstacle in the global drive for STEM educa-
tion in the twenty-first century, especially in complex subjects like stoichiometry. Although Inquiry-Based Learn-
ing with STEM (IBL-STEM) fosters critical thinking and Canva is frequently used for educational design, no pre-
vious study has combined these strategies to solve the conceptual challenges of  stoichiometry. This study aimed 
to create and verify a Canva-based stoichiometry teaching resource and examine its effectiveness in improving 
chemistry students’ HOTS. We created interactive Canva modules with guided inquiry tasks, molecular visuali-
zation, and HOTS assessment using the ADDIE paradigm (Analysis, Design, Development, Implementation, 
Evaluation). The materials were tested with 62 students using pre-test/post-test comparisons and validated by 
three chemistry education specialists (mean feasibility scores: 4.71 for content and 4.74 for media). With post-test 
scores (76.94 ± 6.61) significantly surpassing pre-test findings (35.71 ± 6.36), the intervention significantly im-
proved HOTS (mean gain: 41.23 ± 9.33, p < 0.001). The results of  this study indicate that the Canva-IBL-STEM 
model is valid for implementation in stoichiometry learning and has been shown to improve students’ HOTS 
abilities. The findings provide educators with a model for inquiry-driven, technology-enhanced learning that con-
nects design tools with profound conceptual knowledge.
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INTRODUCTION

In the dynamic evolution of  21st-century 
education, the development of  Higher Order 
Thinking Skills (HOTS) has become a strategic 
imperative, especially within the realm of  scien-
ce, technology, engineering, and mathematics 
(STEM) (Agussuryani et al., 2022; Irdalisa et al., 
2024; Pineda et al., 2025). These skills, encom-

passing analysis, evaluation, and creation, are 
essential not only for academic success but also 
for preparing learners to confront complex, real-
world challenges. In chemistry education, HOTS 
plays a pivotal role in facilitating deep conceptual 
understanding, particularly in cognitively deman-
ding topics such as stoichiometry. Despite the 
central importance of  stoichiometry in general 
chemistry curricula, students often demonstrate 
weak conceptual transfer, superficial reasoning, 
and difficulty applying core concepts such as 
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mole ratios and the law of  conservation of  mass 
in new or unfamiliar contexts (Panggabean et al., 
2023; Dah et al., 2024).

Developing students’ HOTS in the STEM 
domain, especially in chemistry education, is 
urgently needed to prepare human resources 
to achieve the Sustainable Development Goals 
(SDGs). Educators must be able to integrate SDG 
values and competencies into core competencies 
and design learning scenarios that enhance stu-
dents’ critical thinking and HOTS skills in addres-
sing sustainable development issues (Khoiri et al., 
2022; Griebeler et al., 2022; Filho et al., 2023). 
Educating and preparing future generations with 
the fundamentals encompassed by the SDGs is 
crucial (Zickafoose et al., 2024). To achieve this, 
new or existing learning methodologies must be 
adapted to promote sustainable development 
(Urbančič et al., 2019; Zeng et al., 2020; Sánchez 
& Sanchis, 2021; Nwogu et al., 2021).

This is because the SDGs framework pla-
ces education in a central role as a catalyst for 
transformational change. Education holds enor-
mous potential, as reflected in SDG 4, namely 
quality education (Kioupi & Voulvoulis, 2020; 
Kiely et al., 2021; Ribeiro et al., 2023; Koçulu 

& Topçu, 2024). Education for the SDGs is part 
of  Target 4.7, which aims to ensure that students 
acquire the knowledge and skills needed to meet 
their needs using a balanced and integrated ap-
proach to the economic, social, and environmen-
tal dimensions of  sustainable development and 
is understood as a crucial means to achieving all 
other SDGs (Liu et al., 2020; Bekteshi & Xhaferi, 
2020; Obrecht et al.. 2021; Nguyen et al., 2024). 

Recent data suggest that over 60% of  un-
dergraduate students struggle to solve stoichio-
metric problems when faced with real-world cases 
or non-routine formats, pointing to a pedagogical 
gap in current instruction (Gulacar et al., 2022; 
Panggabean et al., 2023; Zhan et al., 2023). Whi-
le instructional models such as Inquiry-Based 
Learning (IBL) and STEM integration have 
shown promise in enhancing critical thinking 
and engagement in chemistry classrooms, many 
implementations still lack the technological scaf-
folding necessary to support cognitive processing 
in abstract learning domains. The following are 
the results of  a meta-analysis of  several previo-
us studies related to the implementation of  IBL 
STEM (Table 1).

Table 1. Meta-Analisis IBL STEM

No. Identity
Level of 

Education
Competency Results

1 Paramita et 
al. (2020)

S e n i o r 
H i g h 
School

Conceptual under-
standing and argu-
mentation skills

The application of  guided inquiry within 
a STEM approach affects students’ con-
ceptual understanding and argumentation 
skills.

2 Fitriansyah 
et al. (2021)

Junior High 
School

Attitude and Scien-
tific Work

The STEM approach in the guided inqui-
ry learning model is superior at improving 
students’ scientific attitudes and scientific 
work compared to not using STEM.

3 Santoso & 
Arif  (2021)

Junior High 
School

Critical Thinking 
Skills

The inquiry model, combined with the 
STEM approach, has a significant influ-
ence on students’ critical thinking skills.

4 Panggabean 
et al. (2023)

College LOTS and HOTS Implementing the IBL-STEM model can 
improve students’ LOTS and HOTS.

5 Pohan et al. 
(2024)

College Perception and Re-
sponse

Learning experiences using STEM-based 
inquiry learning models have a positive 
impact on students’ perceptions and re-
sponses.

In parallel, the adoption of  visual digi-
tal tools like Canva in educational contexts has 
gained traction. Studies show that Canva enhan-
ces visual literacy, creativity, and engagement 
across disciplines (Catubig et al., 2024; Astaño, 
2025). However, its use in science learning often 
remains superficial, limited to decorative or pre-

sentation purposes, without being deeply integra-
ted into inquiry-based STEM pedagogies (Deák 
et al., 2021; Morris, 2025).

This disconnect highlights a significant re-
search gap. Although IBL-STEM models and di-
gital design tools have demonstrated effectiveness 
individually, few studies have systematically in-
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tegrated them into a unified instructional model 
that supports HOTS development in chemistry. 
The existing literature lacks robust models that 
position Canva not merely as an accessory but as 
a visual scaffold integrated into the inquiry cycle, 
aligned with cognitive load theory and constructi-
vist learning principles (Sweller et al., 2019; Bhat-
tacharya & Mohalik, 2021; Antonio & Prudente, 
2024). Moreover, the ADDIE model, widely ack-
nowledged for its structured development process 
in digital learning, has rarely been used to valida-
te such Canva-integrated inquiry learning frame-
works (Alenezi, 2023; Gourlay, 2021; Salsabila et 
al., 2020).

The novelty of  this study lies in its effort 
to fill that theoretical and practical void. By de-
veloping and validating an integrated Canva-IBL-
STEM model, this research bridges the divide bet-
ween design technology and scientific reasoning, 
offering a replicable approach to fostering HOTS 
in stoichiometry learning. It does not merely 
support prior findings but extends them by em-
bedding a visual-inquiry scaffold within a digital 
learning platform, allowing students to construct 
knowledge actively while reducing extraneous 
cognitive load. This study positions itself  as both 
a reinforcement and an advancement of  previo-
us research, supporting the effectiveness of  IBL-
STEM while correcting the underutilization of  
Canva in conceptual learning (Kırıcı & Bakırcı, 
2021; Ilyas et al., 2023; Firdayanti et al., 2024).

Based on this foundation, the present re-
search aims to (1) develop and validate Canva-
based teaching materials using the IBL-STEM 
approach for stoichiometry, and (2) evaluate 
their effectiveness in improving students’ HOTS. 
This study is expected to make theoretical contri-
butions to digital pedagogy in science education 
and to offer practical implications for enhancing 
chemistry instruction through technology-enhan-
ced inquiry frameworks. Moreover, the rapid rise 
of  AI and visual communication demands that 
education systems prioritize not only analytical 
reasoning but also creative expression (Reyes & 
Villanueva, 2024; Catahan et al., 2025). Emplo-
yers increasingly value creativity, with 85% of  
hiring managers asserting it will become even 
more critical in an AI-driven workplace. Howe-
ver, many graduates feel underprepared in this re-
gard. Such findings underscore the urgent need to 
embed creativity-enhancing tools like Canva into 
the curriculum not as superficial add-ons, but 
as integral components of  cognitive scaffolding 
in STEM learning contexts (Dool et al., 2021; 
Huang et al., 2021).

Indonesia’s own experience provides sup-
porting evidence – studies on vocational and 
elementary education demonstrate that Canva-
based media significantly improves student moti-
vation, creativity, and learning outcomes (Sutiani 
et al., 2021; Kuang et al., 2022). For instance, 
Canva-infographic tools based on ADDIE deve-
lopment increased conceptual understanding and 
demonstrated high feasibility (>90%) in blended 
science learning at the junior high level (Feng 
& Sangsawang, 2023; Abuhassna et al., 2024). 
While these contexts confirm Canva’s potential 
as instructional media, its application in higher 
education chemistry remains sparse, especially 
within inquiry-driven models.

In contrast, inquiry-based learning integra-
ted within STEM frameworks has shown strong 
potential to foster HOTS in science domains. 
Research indicates that IBL-STEM interventions 
mediate significant increases in critical thinking, 
problem-solving, and scientific reasoning in che-
mistry education (Kırıcı & Bakırcı, 2021; Kuang 
et al., 2022). However, even well-validated IBL-
STEM models lack integration with powerful di-
gital visual scaffolding tools. Canva’s capabilities 
for infographic creation, molecular visualization, 
guided inquiry, and collaborative design offer an 
underexploited avenue in higher-education che-
mistry pedagogy. Prior educational technology 
reviews suggest that while Canva boosts visual 
literacy and engagement, its application is often 
ornamental rather than pedagogically transfor-
mative (Dare et al., 2021; Yunita et al., 2024).

Thus, the existing literature reveals a pe-
dagogical gap: although IBL-STEM and digital 
design tools like Canva are each effective in their 
own domains, no existing study has systemati-
cally merged them into a validated instructional 
model specifically targeting HOTS development 
in stoichiometry learning. This gap constitu-
tes both a theoretical and practical opportunity. 
Our research addresses this void by constructing 
a Canva IBL STEM instructional model guided 
by the ADDIE design framework. Unlike previo-
us works in which Canva serves as a peripheral 
visualization tool, here it is embedded centrally 
within the inquiry cycle as a visual scaffold that 
reduces extraneous cognitive load (Sweller et 
al., 2019; Klepsch & Seufert, 2020). It supports 
constructivist knowledge building and fosters col-
laborative design activities aligned with student 
engagement (Theofani & Sediyono, 2022; Bhard-
waj et al., 2025).

Furthermore, this research positions itself  
relative to prior findings by both reinforcing their 
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outcomes and extending their limitations. We 
support earlier claims of  IBL-STEM effectiveness 
(Kırıcı & Bakırcı, 2021; Panggabean et al., 2023) 
while addressing the critique that digital tools are 
underutilized for scaffolding high-order cogniti-
on and correcting this by validating Canva as an 
essential pedagogical medium, not a decorative 
one. Thus, this model both consolidates prior evi-
dence and innovates beyond it. Ultimately, this 
study aims to (a) develop and validate Canva-
based teaching materials using an IBL STEM 
model for stoichiometry and (b) evaluate their ef-
fectiveness in enhancing HOTS skills among un-
dergraduate chemistry students. Through expert 
validation and pre-test/post-test comparisons, the 
study seeks to provide a replicable pedagogical 
framework that bridges visual design and inquiry-
based learning, contributing to both theory and 
practice in digital chemistry education.

In addition, several recent meta-analyses 
confirm the robust impact of  inquiry-integrated 
STEM strategies on students’ higher-order and 
creative thinking skills. For STEM-guided in-
quiry in science learning, a high effect size (g = 
0.99) was found, indicating that the model signi-
ficantly improved 21st-century thinking disposi-
tions among students (Abuhassna et al., 2024). 
A meta-analysis also showed that inquiry-based 
approaches across science disciplines resulted in 
substantial improvements in HOTS (Antonio & 
Prudente, 2024). These findings support the ef-
fectiveness of  IBL-STEM in educational contexts 
but also underscore the need for visual scaffolds 
to help learners manage complex cognitive loads.

At the same time, studies on guided inqui-
ry in chemical education emphasize the impor-
tance of  scaffolded support. Previous research on 
acid-base topics has shown that guided inquiry 
worksheets yield significantly higher HOTS gains 
than textbook-based instruction (Mawardi et al., 
2020). Other research has also reported signifi-
cant increases in chemical literacy and cognitive 
reasoning after guided inquiry on equilibrium to-
pics (Priyasmika & Yuliana, 2021). These studies 
affirm the pedagogical strength of  inquiry-based 
methods but largely lack integration with digital 
design tools such as Canva, creating a gap that 
this study addresses. Moreover, recent efforts to 
develop IBL-STEM models explicitly for che-
mistry education confirm the academic need for 
this research. Panggabean, Silitonga, and Gultom 
created a chemical literacy-based IBL-STEM mo-
del to improve LOTS and HOTS in stoichiometry 
learning and reported statistically significant re-
sults using the ADDIE design (Panggabean et al., 
2024). Building on this foundation, the present 

study incorporates the validated Canva platform 
as a visual-inquiry scaffold to deepen cognitive 
engagement in abstract stoichiometry concepts.

In contrast to these previous models, the 
current research situates Canva not merely as an 
aesthetic or presentation tool but as a core com-
ponent embedded in the learning process. Sweller 
et al. (2019) and Klepsch & Seufert (2020) also 
emphasize that appropriately designed visual 
scaffolds can reduce irrelevant cognitive load 
and improve schema construction, especially in 
complex domains such as chemistry (Sweller et 
al., 2019; Klepsch & Seufert, 2020). By aligning 
Canva’s affordances with the IBL-STEM struc-
ture and ADDIE development cycle, this study 
offers a pedagogical innovation that is evidence-
based and theoretically grounded.

This research also responds to critiques 
that inquiry-based methods may overload wor-
king memory or lack sufficient guidance, particu-
larly among less experienced learners (Orosz et 
al., 2022; Muhamad Dah et al., 2024). Guided in-
quiry, when scaffolded effectively, supports lear-
ner autonomy while preventing misconception 
and cognitive breakdown (Feyzioğlu & Demirci, 
2021). In our model, Canva visuals are integra-
ted into guided inquiry phases to ensure students 
engage in conceptual reasoning rather than simp-
listic calculations, while still receiving structured 
prompts and feedback.

Positioned within this literature, our study 
both reinforces and extends existing research. It 
corroborates the efficacy of  IBL-STEM in che-
mistry pedagogy (Panggabean et al., 2024; Yuni-
ta et al., 2024) while simultaneously addressing 
limitations in visual tool integration and cogni-
tive scaffolding. By validating a Canva-based 
IBL-STEM instructional model via expert re-
view and statistical testing with students (mean 
feasibility scores: content = 4.71, media = 4.74; 
mean HOTS gain = 41.23 ± 9.33, p < 0.001), this 
approach advances both theory and classroom 
practice.

Facing complex sustainability challenges 
requires an integrated approach to thinking and 
learning, making it urgent to develop and cultiva-
te higher-order thinking skills in students. Several 
previous studies have also identified a research 
gap in these efforts. Hence, this research seeks to 
develop and validate Canva-integrated teaching 
materials for stoichiometry using an IBL-STEM 
framework grounded in the ADDIE model, and 
to assess their effectiveness in enhancing HOTS 
among chemistry undergraduates. Through ex-
pert validation and pre test/post test comparison, 
it aims to deliver a replicable instructional model 
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that bridges digital visual design, guided inquiry, 
and scientific reasoning.  This research also aims 
to support and correct several previous research 
findings. This state-of-the-art research also has 
value by integrating IBL, STEM, and the Canva 
application into the learning process to improve 
students’ HOTS in stoichiometry. Ultimately, this 
research helps close the research gap and offers 
practical insights for digital-era chemistry educa-
tion that foster deep conceptual understanding 
and advanced thinking skills.

METHODS

This study employed a Research and De-
velopment (R&D) design based on the ADDIE 
model, a systematic instructional design frame-
work comprising five phases: Analysis, Design, 
Development, Implementation, and Evaluation. 
The ADDIE model was chosen for its adaptabi-
lity to educational innovation and its suitability 
for producing validated instructional products 
(Abuhassna et al., 2024). The methodology was 
modified by integrating the Canva digital visual 
design platform within the instructional materi-
als to support students’ conceptual understanding 
and enhance higher-order thinking skills (HOTS). 
This integration represents an innovative adap-
tation of  the traditional ADDIE approach, in 
which Canva was not merely used as an aesthetic 
tool but as a scaffold embedded throughout the 
instructional cycle.

During the analysis phase, a needs assess-
ment was conducted using curriculum analysis, 
preliminary literature review, and unstructured 
interviews with lecturers and students. The fin-
dings revealed persistent conceptual difficulties 
among learners in stoichiometry, particularly in 
mole-mass conversions and proportional reaso-
ning. These difficulties were compounded by low 
performance on HOTS-based chemistry assess-
ments, underscoring the need for learning materi-
als that support both content understanding and 
cognitive development. These findings aligned 
with previous research indicating that students 
often struggle with abstract chemical concepts 
unless supported by appropriate scaffolding (Ma-
nullang et al., 2021).

The design phase involved constructing a 
module structure aligned with inquiry-based lear-
ning (IBL) principles integrated into STEM con-
texts. The materials were mapped against HOTS 
indicators analysis, evaluation, and creation, 
based on Bloom’s revised taxonomy (Rajendran 
et al., 2023; Sam, 2024). Canva was selected as 
the core digital platform to visualize molecular 

representations, procedural steps, and contextu-
al problem-solving scenarios. This phase also in-
cluded formulating learning outcomes, selecting 
media components, and determining assessment 
criteria.

The development phase encompassed the 
creation of  Canva-based learning modules that in-
tegrated inquiry-based prompts, STEM-relevant 
problems, and HOTS-driven assessment items. 
These learning materials were subjected to expert 
validation involving two chemistry education 
specialists and one instructional media expert. 
The validation instruments were adapted from 
the Indonesian Ministry of  Education’s criteria 
for learning media feasibility, covering content 
relevance, instructional clarity, and media effecti-
veness. Based on the experts’ suggestions, several 
modifications were made to improve instruction 
clarity, the visual layout, and the alignment bet-
ween inquiry tasks and expected learning out-
comes. These revisions strengthened the materi-
als’ usability and pedagogical coherence.

The implementation phase involved a 
classroom trial conducted at the Department of  
Chemistry Education, Universitas Negeri Me-
dan, during the 2023–2024 academic year. The 
implementation stage uses a research design, 
namely a One-Group Pretest-Posttest Design, in-
volving one class as the experimental class, to de-
termine the effectiveness of  Canva-based teach-
ing materials using the IBL-STEM approach for 
stoichiometry learning. A total of  62 second-year 
students (1 class) were selected using the cluster 
random sampling method via a drawing process 
conducted 3 times from the five existing classes. 
The implementation process took place over three 
structured meetings during the stoichiometry 
unit. Students were encouraged to analyze prob-
lem situations, evaluate procedural alternatives, 
and generate chemical representations or calcula-
tions using inquiry-supported visual content. The 
process of  implementing a Canva-based module 
using an IBL-STEM approach to Stoichiometry 
learning is visualized in the flowchart shown in 
Figure 1.

During the evaluation phase, both forma-
tive and summative evaluations were conducted 
(Cahyadi, 2019). The formative evaluation con-
sisted of  expert reviews and pilot feedback, which 
led to revisions in layout and task sequencing. The 
summative evaluation used a pre-test and post-
test design to assess improvements in students’ 
HOTS. The test consisted of  40 multiple-choice 
items, categorized under C4 (analyzing), C5 (eva-
luating), and C6 (creating) according to Bloom’s 
taxonomy. These instruments were constructed 
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and validated before the trial. Data from the pre-
test and post-test were analyzed using descriptive 
statistics and paired-sample t-tests in SPSS versi-
on 22 (Ghozali, 2020) to test the effectiveness of  
HOTS enhancement. This approach was selected 
for its appropriateness in detecting statistically 
significant improvements in matched samples. 

Statistically, the Canva-IBL-STEM learning me-
dia is declared effective in increasing students’ 
HOTS if  the t-value > t-table or the probability 
value (sig.) < 0.05. In addition, normality testing 
was performed using the Kolmogorov–Smirnov 
test to confirm the appropriateness of  parametric 
analysis.

Figure 1. Flowchart of  the Stoichiometry Learning Process Based on the Canva-IBL-STEM Model

The combination of  expert validation, ite-
rative design revision, and statistical analysis en-
sured both the pedagogical quality and empirical 
validity of  the developed Canva-IBL-STEM mo-
del. This study maintained ethical standards by 
securing informed consent from all student par-
ticipants, with formal approval provided by in-
stitutional authorities. The methodological rigor 
and practical relevance of  this research provide a 
strong foundation for implementing digital inqui-
ry-based STEM models in chemistry education 
that foster deep conceptual understanding and 
higher-order thinking.

RESULTS AND DISCUSSION

The Canva-IBL-STEM learning materi-
als developed in this study underwent a struc-
tured validation process involving three expert 
validators: two in chemistry education and one 
in instructional media. Each expert evaluated 
the materials based on content feasibility, me-
dia quality, clarity of  language, accuracy of  che-
mical concepts, integration with inquiry-based 
learning, and alignment with HOTS indicators. 
Throughout the intervention, students engaged 
with Canva-based modules that guided them 
through inquiry cycles: orientation, questioning, 
data exploration, interpretation, and conclusion 
drawing (Figure 2).

Figure 2. General chemistry Teaching Tools Using the IBL-STEM Approach and Canva to Teach Stoi-
chiometry
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The results of  the evaluation (validation) 
of  the Canva-IBL-STEM learning media by the 

expert material validator team are summarized in 
Table 2.

Table 2. Results of  Evaluation (Validation) of  Learning Tools Based on Real Criteria

Assessment aspects Validator (mean score) Total 
mean

Criteria 

I II III

Contents of  the material 4.75 4.50 4.88 4.71 Valid

Presentation of  material 4.75 4.63 4.88 4.75 Valid

Language 4.50 4.67 4.50 4.56 Valid

Use of  learning models 4.83 4.83 4.67 4.78 Valid

HOTS assessment 4.67 4.83 4.83 4.78 Valid

Total mean score on the material aspect 4.71 valid

Table 2 shows that the mean content vali-
dation score was 4.71 out of  5, indicating a “very 
valid” category, with high agreement across all 

indicators—particularly in conceptual accura-
cy (mean = 4.80), learning objective relevance 
(mean = 4.75), and task clarity (mean = 4.70). 

Table 3. Evaluation Results (Validation) of  Learning Tools Based on Media Components

Assessment aspects Validator (mean score) Total mean Criteria 

I II III

Visual/graphical display 4.83 4.83 4.67 4.78 Valid

Software engineering 4.67 4.75 4.67 4.70 Valid

Total mean score of  the media aspect 4.74 valid

Meanwhile, Table 3 shows that the media 
validation component received a slightly higher 
overall mean score of  4.74, particularly excelling 
in interactivity (4.83), visual layout (4.78), and 
language suitability (4.65). These results justify 
the use of  the materials in a real classroom set-
ting.

In the classroom implementation phase, 
the learning intervention was applied to 62 stu-
dents in chemistry education using a pre-test and 

post-test design to assess the impact of  the deve-
loped model on students’ Higher Order Thinking 
Skills (HOTS). The pre-test was administered be-
fore the learning session using a 40-item HOTS-
based test, categorized into the C4 (analysis), C5 
(evaluation), and C6 (creation) levels of  Bloom’s 
taxonomy. The post-test was administered at the 
end of  the instructional cycle, using equivalent 
test items. 

Table 4. Students’ HOTS Ability Achievement

HOTS N Minimum Maximum Mean Std. Deviation K-S Test Sig.

Pre-test 62 23 45 35.71 6.364 0.980 0.293

Post-test 62 65 98 76.94 6.613 1.160 0.135

Table 4 shows that the average HOTS pre-
test score was 35.71 with a standard deviation 
(SD) of  6.36, indicating generally low levels of  
initial higher-order cognitive ability. After the in-
tervention, the post-test score average increased 

to 76.94 with an SD of  6.61, representing a sub-
stantial learning gain.

To determine the statistical significance of  
this improvement, a paired-sample t-test was con-
ducted using SPSS version 22. 

Table 5. Results of  the Effectiveness Test of  Teaching Materials

Paired Differences

t Sig. t-tabelMean Std. Deviation

Posttest-Pretest 41.226 9.331 34.790 0.000 1.670
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The analysis showed (Table 5) a mean gain 
of  41.226 points in HOTS scores. The t-value was 
34.790, and the significance level (p-value) was 
0.000, indicating that the improvement was sta-
tistically significant (p < 0.05). Prior to the t-test, 
data normality was verified using the Kolmogo-
rov–Smirnov test, which indicated normality and 
thus met the assumptions for parametric analysis. 
These results confirm that the Canva-IBL-STEM 
learning model effectively enhances students’ 
HOTS.

Beyond the quantitative analysis, qualita-
tive observations indicated strong student enga-
gement throughout the learning sessions. Stu-
dents responded positively to the guided-inquiry 
structure supported by interactive Canva content. 
They reported that the visual representations 
helped them understand stoichiometric concepts 
such as mole ratios and limiting reagents more 
clearly. Lecturers noted that students demonstra-
ted improved questioning skills and deeper ana-
lysis in class discussions. These reflections affirm 
that visual scaffolding combined with inquiry-
based exploration facilitates deeper learning, as 
previously supported by Catubig et al. (2024).

The novelty of  this study lies in integrating 
Canva not only as a design or display tool but 
also as a structured, inquiry-embedded learning 
environment. This contrasts with earlier research, 
where Canva was mainly used for visual products 
or poster design. In this study, Canva was embe-
dded within the IBL-STEM cycle, from initial 
question formulation, data exploration, synthe-
sis, and evaluation, leading students to create 
meaning from chemical data.

Furthermore, the STEM integration allo-
wed students to apply concepts beyond the class-
room. For example, problems involving reaction 
efficiency and environmental impact provided 
them with contexts that required mathematical 
reasoning, scientific understanding, and evaluati-
ve thinking. These tasks supported HOTS at mul-
tiple levels, helping students not only to learn che-
mistry but to relate it to real-life problem-solving. 
This is consistent with the findings of  Antonio 
& Prudente (2024), who highlighted the potential 
of  STEM-driven inquiry to enhance critical thin-
king and creativity.

In summary, the Canva-IBL-STEM mo-
del demonstrated strong validity and effective-
ness for promoting higher-order thinking skills 
in stoichiometry learning. The combination of  
statistically significant cognitive improvement, 
expert validation, and positive student response 
supports the model’s practical implementation in 
chemistry education. It fills a methodological gap 

by integrating digital visual design into structured 
inquiry and STEM learning, setting a foundation 
for future innovation in science pedagogy.

CONCLUSION

This research has demonstrated that integ-
rating Canva within an Inquiry-Based Learning 
and STEM (Canva-IBL-STEM) framework is 
both pedagogically valid and empirically effec-
tive in enhancing students’ Higher Order Thin-
king Skills (HOTS) in stoichiometry learning. 
Through a structured development process gui-
ded by the ADDIE model, the resulting learning 
modules achieved a high level of  content and me-
dia feasibility, as validated by experts. Classroom 
implementation confirmed a significant increase 
in students’ HOTS performance, as indicated by 
pre- and post-test comparisons and reinforced by 
positive student engagement and qualitative ob-
servations. The novelty of  this model lies in using 
Canva not only as a visual design tool but also as 
an integrated pedagogical medium that scaffolds 
inquiry-based activities and contextual STEM 
challenges. By embedding visual, interactive, and 
problem-solving elements into the learning pro-
cess, the model offers a more engaging and cog-
nitively rich alternative to conventional chemistry 
instruction. This integration supports conceptu-
al clarity, reduces cognitive load, and promotes 
deeper reasoning, thereby aligning well with the 
cognitive demands of  21st-century science edu-
cation. This study also contributes to the growing 
body of  evidence supporting technology-based 
learning and digital visualization as transforma-
tive elements in science pedagogy. This study 
also suggests the need for large-scale implemen-
tation and testing, as well as the development of  
Canva-IBL-STEM-based learning materials on 
chemistry topics for different educational levels. 
This study thus encourages educators and curri-
culum developers to explore creative, technology-
enhanced approaches that support not only con-
tent mastery but also the development of  critical, 
evaluative, and creative thinking skills essential 
for future scientific literacy.
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