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Abstract: This study aimed to develop Google Sites-based learning media integrated 
with the Strategy Metacognitive-PDCA (SM-PDCA), comprising Preparing, Doing, 
Checking, and Assessing & Following-Up, and to evaluate its validity, practicality, and 
potential to support students’ cognitive learning outcomes in reaction rate learning. 
The study employed Type 1 developmental research using the ADDIE model. A pilot 
test involved 32 eleventh-grade students, while the implementation phase involved 36 
students using a pre-experimental one-group pretest-posttest design. Data were 
collected using validation sheets, a student response questionnaire, and a cognitive 
learning outcome test that had undergone expert and empirical validation and showed 
a reliability coefficient of 0.866. The media and subject matter expert validation scores 
were 92% and 96%, respectively, while student responses reached 88%, indicating 
excellent validity and practicality. Students’ mean cognitive score increased from 55.86 
on the pretest to 91.31 on the posttest, with an N-gain of 0.81. These findings suggest 
that integrating SM-PDCA into Google Sites provides a valid and practical learning 
environment with potential to support improved cognitive learning outcomes in 
reaction rate learning. 
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Introduction  
 

Chemistry learning requires students to connect 
observable phenomena with explanations at the particle 
level and with symbolic representations such as 
equations, graphs, and mathematical relationships. This 
demand is particularly evident in reaction rate learning, 
which involves conceptual understanding, 
interpretation of experimental data, collision theory, 
mathematical relationships, and factors affecting 
reaction rates. Reaction rate learning requires students 
to connect macroscopic, submicroscopic, and symbolic 
representations in order to develop a more 
comprehensive understanding of chemical phenomena 
(Meutia et al., 2021). The topic is also characterized by 
abstract processes, calculations, graphs, and particle-
level interactions that are not always directly observable, 
which may create difficulties for students in 

understanding the underlying concepts (Rahmi et al., 
2023). The integration of multiple representations can 
also support students’ metacognitive processes by 
helping them relate different forms of chemical 
knowledge during learning (Locatelli & Davidowitz, 
2021). 

These characteristics indicate the need for learning 
media that can organize different forms of information 
and provide students with opportunities to engage 
actively with learning materials. Digital and website-
based learning media provide an environment in which 
text, images, videos, worksheets, exercises, and 
assessment activities can be integrated within a single 
platform (Josué et al., 2023). Google Sites is one platform 
that can support such an environment because it allows 
different learning resources to be organized and 
accessed through various devices (Bangun et al., 2022). 
Previous research has shown that Google Sites-assisted 
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learning devices can meet validity, practicality, and 
effectiveness criteria in science learning (Waraga et al., 
2023). In chemistry education, Google Sites has also been 
developed to incorporate multilevel chemical 
representations, demonstrating its potential to present 
chemical content in a more structured and visually 
supported learning environment (Danin & Kamaludin, 
2023).  

More recent developments further demonstrate the 
potential of Google Sites and website-based media to 
support chemistry learning. Google Sites-based learning 
media developed for chemistry have obtained high 
validation scores from material and media experts and 
have shown potential to support students’ learning 
interest (Laili et al., 2025). Website-based chemistry 
learning has also been developed to provide multimedia 
content, interactive activities, and structured learning 
resources for abstract chemistry concepts (Nahadi et al., 
2025). These findings suggest that web-based learning 
environments can provide flexible access to diverse 
learning resources while supporting more structured 
learning experiences.  

However, providing digital learning resources 
alone does not necessarily ensure that students actively 
regulate their own learning (Norman & Furnes, 2016). 
The educational value of digital tools may also depend 
on how they are integrated with pedagogical 
approaches and learning activities (Wohlfart et al., 2023). 
Reaction rate learning requires students not only to 
access information but also to recognize what they 
understand, identify difficulties, monitor their learning 
progress, and determine appropriate actions when their 
understanding remains incomplete. Metacognitive 
learning is relevant to these processes because it involves 
students’ awareness and regulation of their own 
learning through planning, monitoring, and evaluation 
(Flavell, 1979). In reaction rate learning, metacognition-
based learning materials have been developed to 
facilitate these processes and have shown potential to 
improve students’ conceptual understanding (Nurmiati 
et al., 2025). 

Technology enhanced learning environments can 
further support metacognitive regulation when 
metacognitive prompts are incorporated to guide 
students’ monitoring and evaluation processes (Hsu et 
al., 2017). The relevance of metacognitive regulation has 
also been demonstrated in chemistry learning, where 
metacognitive training integrated into online learning 
was associated with improved student performance. A 
structured approach to facilitating metacognitive 
regulation is provided by the Strategy Metacognitive-
PDCA (SM-PDCA), which consists of four stages: 
Preparing, Doing, Checking, and Assessing & 
Following-Up (Parlan et al., 2018). In the Preparing 
stage, students review learning materials, identify 

relevant prior knowledge, establish learning goals, and 
determine learning strategies. The Doing stage engages 
students in active learning activities such as discussion, 
questioning, completing assignments, and constructing 
their understanding. During Checking, students 
monitor their learning progress, evaluate the 
effectiveness of their learning strategies, identify 
difficulties, and consider alternative solutions. The 
Assessing & Following-Up stage allows students to 
evaluate whether the learning objectives have been 
achieved and determine appropriate subsequent 
learning activities. These stages form a cyclical process 
that provides opportunities for students to organize, 
monitor, and evaluate their learning, which are 
fundamental processes in metacognitive regulation 
(Panadero, 2017). 

The characteristics of Google Sites provide 
opportunities for these SM-PDCA stages to be 
systematically organized within a digital learning 
environment. Learning objectives, instructional 
materials, visual resources, worksheets, self-checking 
activities, assessments, and reflection tasks can be 
incorporated into an integrated learning sequence. 
Previous research has demonstrated that Google Sites 
can be combined with structured instructional 
approaches rather than functioning merely as a 
repository of digital materials. For example, Google Sites 
has been integrated with the 8E Learning Cycle in 
chemistry learning, with website content organized 
according to the stages of the instructional model 
(Pratiwi et al., 2025). Google Sites-based chemistry 
media have also been organized using Discovery 
Learning activities (Laili et al., 2025). These findings 
indicate that the instructional value of Google Sites 
depends not only on its technological features but also 
on how pedagogical activities are structured within the 
platform. 

Similar integration between web-based media and 
pedagogical frameworks has been reported in chemistry 
education. Website-based chemistry media have been 
integrated with flipped classroom learning to support 
learning motivation and achievement (Rahman et al., 
2021). Interactive chemistry websites have also been 
developed by embedding STEM and socio-scientific 
issue approaches within the learning environment 
(Khodizah et al., 2025). These studies demonstrate that 
website-based media can serve as environments for 
implementing pedagogically structured learning rather 
than merely delivering digital content. 

Nevertheless, these previous developments differ 
from the focus of the present study. Google Sites-based 
chemistry media have been integrated with instructional 
approaches such as the 8E Learning Cycle and Discovery 
Learning (Laili et al., 2025; Pratiwi et al., 2025). 
Meanwhile, digital media developed specifically for 
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reaction rate learning have focused on multiple 
representations and virtual laboratory activities (Meutia 
et al., 2021; Rahmi et al., 2023), metacognition-based 
learning materials have been developed separately for 
the same topic (Nurmiati et al., 2025). Therefore, the 
research gap does not lie in the absence of Google Sites-
based chemistry learning, digital reaction rate media, or 
metacognitive learning materials. Rather, the gap lies in 
the explicit integration of the SM-PDCA metacognitive 
cycle into the structure and learning activities of Google 
Sites specifically for reaction rate learning. 

Accordingly, the novelty of this study lies in 
embedding the SM-PDCA stages of Preparing, Doing, 
Checking, and Assessing & Following-Up directly into 
Google Sites-based reaction rate learning. In the 
developed media, the Preparing and Doing stages are 
supported through organized learning objectives, 
reaction rate materials, visual resources, and student 
worksheets. The Checking stage is facilitated through 
self-checking activities, while the Assessing & 
Following-Up stage is supported through evaluation 
and reflection activities that allow students to reconsider 
their understanding and identify further learning needs. 
Thus, Google Sites is positioned not merely as a platform 
for delivering digital content but as a learning 
environment in which chemistry content and 
metacognitive regulation are organized within the same 
instructional sequence. Therefore, this study aimed to 
develop Google Sites-based learning media integrated 
with the SM-PDCA strategy and to evaluate its validity, 
practicality, and potential to support the cognitive 
learning outcomes of eleventh-grade students in 
reaction rate learning. 
 

Method  
 

This study employed Type 1 developmental 
research as proposed by Richey & Klein (2005). To 
operationalize the Type 1 developmental research 
framework, this study adopted the ADDIE model, 
consisting of Analysis, Design, Development, 
Implementation, and Evaluation (Branch, 2009). 

The Analysis stage focused on identifying learning 
needs and problems related to reaction rate learning. 
The Design stage involved preparing the structure of the 
media, learning activities, storyboard, and research 
instruments. During the Development stage, the Google 
Sites-based learning media was developed, validated by 
experts, revised, and subjected to a limited pilot test to 
examine its readability and practicality. The revised 
media was subsequently used in the Implementation 
stage, in which students completed a pretest, 
participated in learning using the SM-PDCA-integrated 
Google Sites, and completed a posttest. Evaluation was 

conducted formatively throughout the development 
process to support product refinement. The overall 
research procedure is presented in Figure 1. 
 

 
Figure 1. Research and development procedure 

 
Research Subjects 

The research subjects consisted of two groups of 
eleventh-grade students at a public senior high school in 
Jombang Regency, East Java. A pilot test involving 32 
students was conducted during the Development stage 
to obtain data on the readability and practicality of the 
developed media. The Implementation stage involved 
36 students who used the revised Google Sites-based 
learning media integrated with the SM-PDCA strategy. 
Students in the implementation group completed a 
pretest before learning and a posttest after completing 
the learning activities. 
 
Research Instruments 

The research instruments consisted of treatment 
instruments and measurement instruments. The 
treatment instruments included instructional modules, 
student worksheets, and Google Sites-based learning 
media. Before implementation, all treatment 
instruments were validated by five validators, 
consisting of two chemistry lecturers and three 
chemistry teachers, to ensure their suitability and 
alignment with the learning objectives. 

The measurement instrument used in this study 
was a cognitive learning outcome test. As stated by 
Arikunto (2012), a test is a formal instrument for 
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collecting information because it is bound by specific 
rules and procedures. Therefore, a test was used to 
measure students’ cognitive learning outcomes (Shek & 
Zhu, 2018). The test consisted of 30 items and was 
verified through expert judgment and empirical testing 
to ensure its validity and reliability before being used for 
data collection. 

The practicality of the developed media was 
assessed using a student response questionnaire 
administered during the pilot test. The questionnaire 
evaluated students’ perceptions of the developed media 
in terms of ease of use, clarity of instructions, visual 
presentation, and usefulness of the learning media. 
Students’ responses were measured using a Likert scale, 
and the practicality score was calculated using the 
percentage formula. 
 
Data Analysis 

The validity data obtained from expert validators 
were analyzed using percentage scores. The percentage 
results were then categorized based on the criteria 
presented in Table 1. 
 
Table 1. Media validity criteria 
Percentage (%) Criteria 

81–100 Excellent 

61–80 Good 

41–60 Fair 

21–40 Poor 

0–20 Very Poor 

(Ananda & Fadhli, 2018) 
 

The percentage scores from the validity and 
readability tests were interpreted to determine the 
suitability of the developed product. The product was 
considered suitable if it obtained a percentage score of ≥ 
61%. The product suitability criteria are presented in 
Table 2. 
 
Table 2. Product suitability criteria 
Percentage (%) Criteria 

81–100 Highly suitable 

61–80 Suitable  

41–60 Fairly suitable 

21–40 Less suitable 

0–20 Unsuitable 

 
Data on students’ learning outcome improvement 

were analyzed using the normalized gain, or N-gain. 
The N-gain categories followed Hake (1998), namely 
high (g ≥ 0.70), moderate (0.30 ≤ g < 0.70), and low (g < 
0.30). The effectiveness categories based on N-gain 
percentage included ineffective (<40%), less effective 
(40–55%), moderately effective (56–75%), and effective 
(≥76%) (Tyas et al., 2023). 

 

Result and Discussion 
 

This research and development study produced 
Google Sites-based learning media developed through 
the five stages of the ADDIE model: analysis, design, 
development, implementation, and evaluation. The 
results of each stage are presented to describe the 
development process and the feasibility of the resulting 
product. 
 
Analysis 

The analysis stage began with a needs analysis to 
identify learning problems in the reaction rate topic 
(Lestari, 2023). Data were obtained through interviews 
with chemistry teachers and students, as well as through 
an analysis of reaction rate material. 

The analysis of teacher interview results indicated 
that reaction rate instruction had been conducted using 
the discovery learning model, supported by student 
worksheets, experimental data tables, and PowerPoint 
presentations. However, the instructional materials used 
had not fully supported students’ conceptual 
understanding, particularly in relation to the factors 
affecting reaction rates, reaction order, rate equations, 
and problem-solving involving calculations. These 
findings indicate the need for learning media that can 
present reaction rate concepts in a more systematic, 
visual, and structured manner while guiding students’ 
learning processes through metacognitive stages. 
 
Design 

Based on the results of the analysis stage, the 
product was designed as Google Sites-based learning 
media. The activities in this stage included preparing the 
learning materials and content, creating flowcharts and 
storyboards, and developing the initial product design. 
Visual design elements were created using Canva to 
improve readability, visual appeal, and overall layout 
consistency. 
 

 
Figure 2. Home page layout of Google Sites-based learning 

media 

 
The website structure consisted of a home page, 

learning objectives, reaction rate material, supporting 
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illustrations, student worksheets, evaluation tasks, and 
reflective activities. The learning activities in the media 
were organized according to the SM-PDCA stages: 
Preparing, Doing, Checking, and Assessing & 
Following-Up, so that students could follow the learning 
process in a more structured and reflective manner. 

Figure 2 shows the home page of the Google Sites-
based learning media on the reaction rate topic. This 
page includes the title of the media, the main topic 
heading, and a navigation menu that directs students to 
several learning sections, such as basic concepts of 
reaction rate, reaction rate equations, collision theory, 
factors affecting reaction rate, and other supporting 
menus. 
 

 
Figure 3. Main menu display of Google Sites-based learning 

media 

 
Figure 3 illustrates the structure of the main menu 

in the learning media. Each icon represents a section of 
the material that students can access directly, making the 
learning navigation simpler, more focused, and user-
friendly. This menu design was intended to help 
students follow the step-by-step learning flow of 
reaction rate material in accordance with the media 
design. 
 

 
Figure 4. Integration of SM-PDCA stages in Google Sites-

based learning media 

 
Figure 4 illustrates the integration of the SM-PDCA 

stages within the developed Google Sites-based learning 
media. The learning environment was structured into 
four sequential stages: Preparing, Doing, Checking, and 
Assessing & Following-Up. This structure demonstrates 
that Google Sites was not merely used as a digital 

repository for learning materials but was designed as an 
interactive learning environment that guided students 
through a metacognitive learning process. 

In the Preparing stage, students were directed to 
recognize the learning objectives and activate their prior 
knowledge before engaging with the reaction rate 
materials. The Doing stage facilitated students’ 
exploration of concepts through learning resources and 
activities. The Checking stage provided opportunities 
for students to monitor their understanding, while the 
Assessing & Following-Up stage encouraged reflection 
and further learning decisions. 
 
Development 

The developed media was validated by media 
experts, subject matter experts, and language experts 
using a validation sheet for Google Sites-based learning 
media on the reaction rate topic. The validation was 
conducted by five validators, consisting of two lecturers 
from Universitas Negeri Malang and three chemistry 
teachers from public senior high schools in Jombang. 
 
Media Expert Validation 

Media expert validation was conducted to evaluate 
the validity and suitability of the Google Sites-based 
learning media in terms of physical appearance, images 
and videos, and ease of use. The results of the media 
expert validation are presented in Table 3. 
 
Table 3. Results of media expert validation 
Indicator Percentage (%) Criteria 

Physical appearance 93 Excellent 

Images and videos 92 Excellent 

Ease of use   92 Excellent 

Average score 92 Excellent 

 
Based on the media expert assessment presented in 

Table 3, the Google Sites-based learning media obtained 
an average score of 92%, which was categorized as 
excellent. This result indicates that the developed media 
met the media feasibility criteria, particularly in terms of 
physical appearance, the quality of images and videos, 
and ease of use. Therefore, the Google Sites-based 
learning media was considered suitable for use in 
reaction rate learning. This finding is consistent with 
previous studies reporting high feasibility scores for 
digital learning media in science education. Lafifa & 
Rosana (2023) reported a media validation score of 92% 
for STEM-PBL-based science learning media, indicating 
that digital learning products with scores above 90% can 
be categorized as highly feasible. Similarly, Hakim et al. 
(2023) reported a high media validation score for Google 
Sites-based learning worksheets, demonstrating the 
potential of Google Sites to support the development of 
feasible digital learning media. 
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Subject Matter Expert Validation  

Subject matter expert validation was conducted to 
determine the suitability of the content presented in the 
Google Sites-based learning media. The assessed aspects 
included content/material, presentation, and language. 
The results of the subject matter expert validation are 
presented in Table 4. 
 

Table 4. Results of subject matter expert validation 
Indicator Percentage (%) Criteria 

Content/material 95 Excellent 

Presentation 94 Excellent  

Language    99 Excellent 

Average score 96 Excellent 
 

Based on the subject matter expert validation 
presented in Table 4, the Google Sites-based learning 
media obtained an average score of 96%, which was 
categorized as excellent. The results indicate that the 
developed media met the feasibility criteria in terms of 
content accuracy, presentation, and language. Among 
the assessed aspects, language obtained the highest 
score 99%, indicating that the instructions, explanations, 
and terminology used in the media were considered 
clear and appropriate for students. Meanwhile, the 
content/material and presentation aspects also obtained 
excellent scores, demonstrating that the learning 
materials were aligned with the reaction rate concepts 
and were presented systematically. These findings are 
consistent with previous studies showing that digital 
chemistry learning media developed through systematic 
instructional design processes can achieve high validity 
ratings from experts. In chemistry learning, the quality 
of learning media is particularly important because it 
should support the presentation of chemical concepts 
through appropriate representations and clear 
explanations (Agang et al., 2021). 

A limited pilot test was conducted with 32 students 
from Class XI-3. At this stage, students were asked to 
access and use the Google Sites-based learning media. 
After using the media, students completed a response 
questionnaire to evaluate the readability and practicality 
of the developed media. The results of the student 
response questionnaire showed that the Google Sites-
based learning media obtained an average score of 88%, 
which was categorized as excellent. This result indicates 
that the media was easy to use, visually attractive, and 
presented in language that was easy for students to 
understand. Similar findings have been reported in 
previous studies, where Google Sites-based learning 
media received positive responses from students 
because the platform allows learning materials to be 
accessed easily and organized systematically (Dewi, 
2020; Japrizal & Irfan, 2021). 

In addition to quantitative data, students also 
provided feedback and suggestions regarding the 
media. This feedback was used as the basis for final 
revisions before the media was implemented in the field 
trial. Based on student feedback, revisions were made to 
several parts of the media, including clarifying usage 
instructions, simplifying certain material explanations, 
improving the visual presentation, and adding emphasis 
to the learning reflection section. These revisions were 
made to ensure that the learning media was easier to use 
and better aligned with students’ learning needs. 
 
Implementation 

Prior to its use in the implementation stage, the 
cognitive test was examined through expert judgment 
and empirical testing. Expert validation resulted in a 
validity score of 98.0%, indicating that the test items 
demonstrated appropriate content validity and 
alignment with the learning objectives. The empirical 
testing showed a Cronbach’s alpha reliability coefficient 
of 0.866, indicating high internal consistency and 
confirming that the test was reliable for measuring 
students’ cognitive learning outcomes on reaction rate 
material (Nunnally & Bernstein, 1994). 

An implementation test was conducted with 36 
students from Class XI-4 to examine improvements in 
students’ cognitive learning outcomes after using the 
Google Sites-based learning media integrated with the 
Strategy Metacognitive-PDCA (SM-PDCA), consisting 
of Preparing, Doing, Checking, and Assessing & 
Following-Up. Students’ initial ability was measured 
using a pretest, while learning outcomes after the 
learning activities were measured using a posttest. 
 
Table 5. Results of students’ cognitive learning 
outcomes 
Test X̄ Passed Failed 

Pretest 55.86 1 35 

Posttest 91.31 34 2 

 
Table 5 presents the comparison of students’ 

cognitive learning outcomes before and after the 
implementation of the Google Sites-based learning 
media integrated with the SM-PDCA strategy. The mean 
score increased from 55.86 in the pretest to 91.31 in the 
posttest. In addition, the number of students achieving 
the mastery criterion increased from 1 student in the 
pretest to 34 students in the posttest. 
 
Table 6. Improvement analysis of students’ cognitive 
learning outcomes 
Indicator Value Category 

N-gain 0.81 High 

Effectiveness Level 81% Effective 
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The improvement analysis presented in Table 6 
showed an N-gain score of 0.81, categorized as high, 
with an effectiveness level of 81%. These findings 
indicate that the implementation of Google Sites-based 
learning media integrated with SM-PDCA was 
associated with an improvement in students’ cognitive 
learning outcomes. 

The improvement in students’ cognitive outcomes 
may be related to the structured learning process 
provided by the integration of Google Sites and SM-
PDCA. Unlike digital media that primarily function as 
content repositories, the developed media organized 
learning activities through sequential metacognitive 
stages. The Preparing stage encouraged students to 
identify learning objectives and activate prior 
knowledge, while the Doing stage facilitated students’ 
engagement with learning materials, worksheets, and 
conceptual activities. These processes are consistent 
with the principles of self-regulated learning, in which 
students actively plan, monitor, and evaluate their own 
learning processes (Panadero, 2017; Zimmerman, 2002). 

Compared to previous Google Sites-based 
chemistry media, the present study differs in the 
pedagogical structure embedded within the platform. 
Laili et al. (2025) and Pratiwi et al. (2025) organized their 
Google Sites content around Discovery Learning and the 
8E Learning Cycle, respectively, focusing primarily on 
structuring the sequence of learning activities. Danin & 
Kamaludin (2023) emphasized multilevel chemical 
representation within Google Sites to support 
conceptual understanding of chemical bonds. In 
contrast, the present study integrated the SM-PDCA 
metacognitive cycle directly into the website structure, 
positioning Google Sites not only as a medium for 
organizing learning activities or representations but also 
as an environment that explicitly guides students to 
plan, monitor, and evaluate their own learning process 
at each stage of reaction rate learning. This distinction 
may provide a possible explanation for the observed 
improvement in students’ learning outcomes, as 
students were not only exposed to structured content 
but were also prompted to regulate their understanding 
throughout the learning sequence. 

The Checking stage provided opportunities for 
students to monitor their understanding through self-
assessment activities. This stage is particularly relevant 
to reaction rate learning because students may 
experience difficulties in connecting macroscopic 
observations, particle-level explanations, and symbolic 
representations (Meutia et al., 2021; Rahmi et al., 2023). 
Through monitoring activities, students could recognize 
gaps in their understanding and reconsider their 
conceptions. This process is consistent with 
metacognitive learning, in which students are guided to 
monitor and regulate their own understanding. In 

computer-based learning environments, metacognitive 
prompts have been shown to enhance students’ self-
regulated learning activities and learning outcomes 
(Guo, 2022). Similarly, explicit metacognitive instruction 
has been reported to benefit students’ science learning 
by supporting the regulation of learning processes 
(Black & Wiliam, 2018; Zepeda et al., 2015). 

Furthermore, the Assessing & Following-Up stage 
encouraged students to reflect on their learning 
achievements and determine further learning actions. 
This reflective process provided students with 
opportunities to evaluate their understanding and 
decide whether further learning activities were needed. 
Such activities are consistent with self-regulated 
learning, which has been associated with academic 
achievement in online learning environments 
(Theobald, 2021). 

The findings of this study suggest that the 
improvement in students’ cognitive learning outcomes 
was not only associated with the use of Google Sites as a 
digital learning medium but also with the integration of 
the SM-PDCA strategy, which provided a structured 
process for students to plan, monitor, and evaluate their 
learning. This finding is consistent with previous 
research showing that Google Sites-based learning 
environments can support students’ learning outcomes 
when digital platforms are integrated with structured 
learning activities and instructional designs (Hidayat et 
al., 2023; Hikmawati et al., 2024). 
 
Evaluation 

Evaluation in this study was conducted 
continuously at each stage of the ADDIE development 
model to ensure the quality of the Google Sites-based 
learning media integrated with the Strategy 
Metacognitive-PDCA (SM-PDCA), consisting of 
Preparing, Doing, Checking, and Assessing & 
Following-Up. During the Analysis and Design stages, 
evaluation focused on reviewing the alignment between 
learning needs, website structure, learning activities, 
and the SM-PDCA stages. 

During the Development stage, expert validation 
feedback was used to revise the media before the pilot 
test. The revisions included improvements to the visual 
layout, content accuracy, usage instructions, material 
explanations, and reflection activities. During the 
Implementation stage, student responses obtained from 
the pilot test were considered as additional feedback for 
refining the media before its wider use. Thus, evaluation 
functioned as a formative process that supported 
revision and refinement of the media throughout the 
development stages (Branch, 2009). 
 

Conclusion  
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This study developed Google Sites-based learning 
media integrated with the Strategy Metacognitive-
PDCA (SM-PDCA), consisting of Preparing, Doing, 
Checking, and Assessing & Following-Up, for reaction 
rate learning. The developed media demonstrated 
excellent validity based on media expert and subject 
matter expert assessments and was considered practical 
based on student responses. Furthermore, the 
implementation results showed an improvement in 
students’ cognitive learning outcomes, indicated by an 
increase in the mean score from pretest to posttest and a 
high N-gain value. The findings suggest that integrating 
SM-PDCA into Google Sites provides a structured 
digital learning environment that not only presents 
chemistry learning resources but also supports students 
in planning, monitoring, and evaluating their learning 
processes. Thus, the contribution of this study lies in 
demonstrating the potential of digital learning media to 
provide greater instructional value when combined with 
systematic metacognitive strategies rather than 
functioning only as a platform for delivering content. 
This study was limited to one implementation group; 
therefore, further research involving larger samples, 
comparison groups, and different learning contexts is 
recommended to generalize these findings and examine 
the consistency of the media’s impact on students’ 
chemistry learning outcomes. 
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