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1. Introduction

In the current globalization era, it is impossible to ignore the rapid growth of information technology, which has an impact on
the educational field. The impact of globalization necessitates that the educational sector continually adapts to technological
advancements to enhance educational quality. Technology utilization in education can address learning requirements in the
Society 5.0 era, necessitating advanced information technology that enables the rapid and effortless dissemination of diverse
information in educational activities, unconstrained by time and space limitations (Khaira et al., 2021) 5. Technology,
particularly social media platforms like WhatsApp, YouTube, Zoom Cloud Meeting, Google Classroom, Google Meet, and
Instagram, has been utilized in educational contexts (Absor, 2020) (M. Currently, several communities have also emerged in the
field of education using media that are more popular and sophisticated among young people but are not yet well known to the
general public. One of these media is Discord (Setyawan et al., 2024) 241,

Discord is a free social media platform that supports making phone calls, video conferences, screen sharing, public and private
chats, and exchanging voice messages. In addition, Discord can evaluate student knowledge, provide feedback, and enable
collaboration and discussion among all students without the need for direct face-to-face involvement (Dewantara et al., 2020).
Discord is a complete platform that can create interactive and fun classes, able to support various learning styles, including
blended learning such as flipped classrooms (Ghazali, 2021).
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The flipped classroom paradigm seeks to improve learning
quality through the implementation of a student-centered
approach (Mubarok, 2017) [8l. This educational style
involves completing assignments typically done in class done
at home, while assignments usually done at home are
completed in class (Agustini, 2021) . According to research
by DeMatteo (2019) [, combining the guided inquiry
learning paradigm with the flipped classroom learning system
significantly increased student performance. According to
Yulianis and Mawardi (2022) 19 indicate that the
experimental group achieved higher average initial and final
exam scores compared to the control group, so illustrating the
significant effect of Flipped Guided Inquiry Learning (FGIL)
on student learning outcomes.

One of the student-centered learning approaches is the guided
inquiry approach (Insani et al., 2022; Nengsih & Mawardi,
2021) 12171, Guided inquiry learning requires instructors to
pose a sequence of questions to assist students in discovering
concepts from their studies (Kardena & Mawardi, 2020) 24,
The Flipped Guided Inquiry Learning system integrates the
flipped classroom approach with the principles of guided
inquiry learning, resulting from the application of the flipped
classroom paradigm to guided inquiry learning (Siregar &
Mawardi, 2022) €1, The implementation of Flipped Guided
Inquiry Learning utilizes two learning modalities, wherein
education occurs in reverse through pivotal questions that
enable students to independently investigate learning
concepts at home (asynchronous) prior to inperson
instruction at school (synchronous) (Waer & Mawardi, 2021)
[19]

The study of chemistry needs to start with basic concepts and
progressively advance to facilitate the building of
complicated concepts. Three levels of representation are used
to teach scientific concepts: macroscopic, sub-microscopic,
and symbolic (Johnstone, 1993). However, research by Ulva
et al. (2016) revealed that students' understanding of buffer
solution ideas at the sub-microscopic level was markedly
deficient. The application of technology accomplishes the
amalgamation of the three tiers of chemical representation via
educational media (Wu et al., 2000).

www.allmultidisciplinaryjournal.com

A study was conducted to create a flipped guided inquiry
learning (FGIL) system utilizing the Discord platform for
buffer solution content and to evaluate its validity and
practicality. This is anticipated to be an educational system
that employs technology through the Discord social media
platform. Implementing a Merdeka Curriculum and student-
centered learning can facilitate students' comprehension of
buffer solution concepts in chemistry education.

2. Method

The employed research methodology is development
research, also referred to as educational design research
(EDR). This research is a cyclical process involving analysis,
design, assessment, and modification, repeated until a
balance is attained between the ideal answer and its practical
implementation. This study examines educational research
designed to construct a Flipped Guided Inquiry Learning
approach utilizing the Discord program to explore buffer
solutions in phase F of Senior High School. This study
employs the Plomp development paradigm, comprising three
stages: preliminary research, prototype phase, and
assessment phase (Plomp & Nieveen, 2007) 22,

The initial step begins with an assessment of needs and
context, a literature evaluation, and the formulation of a
conceptual framework. The requirements analysis seeks to
examine the basic difficulties encountered in Senior High
School about the chemistry learning process related to buffer
solutions. Three chemistry educators from distinct
institutions are interviewed for this study, and students in
phase F of class XIl are given a need questionnaire.
Furthermore, a contextual analysis is performed on the
syllabus utilized in schooling. A literature study entails
collecting relevant resources related to the research to
identify and assess the obstacles faced by educators and
students in the chemical learning process. The formulation of
a conceptual framework depends on the evaluation of needs
and conditions. The analysis results are corroborated by a
literature review that delineates the rationale for the
development of this learning system.
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Fig 1: EDR Development Steps (Handri et al., 2023) !
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The second stage encompasses the creation of prototypes I,
I1, 111, and IV. The prototypes are the outcome of formative
evaluation, which aims to enhance product quality by
pointing out flaws in the research object and generating ideas
for enhancements. This evaluation has four steps, notably
self-evaluation, wherein the individual appraises the product
in development using a checklist methodology. A
comprehensive evaluation by three chemistry lecturers from
the Department of Chemistry Education at Padang State
University and two chemistry teachers from SMAN 8 Padang
will yield assessments and recommendations for improving
the product in development. One-to-one evaluation and
personal discussions with students following observations
and supervision of their use of the product. The expert review
and individual evaluation stages comprise the validity
assessment of the product throughout its development.
Finally, small group will assess the feasibility of the product
during development.

This study employs two types of instruments: validation
instruments and practicality instruments. The data from this
study will be analysed with descriptive statistics to provide
percentages and averages, employing Aiken's V scale for
validity analysis. The formula for Aiken's V:

s
n(c—-1)

s=r—1Io

V=

Descriptions:

V = Aiken’s V scale

Y's = the sum of all s values from all validators
n = number of validators

¢ = the highest validity number (= 5)

r = the number chosen by validator

lo = the lowest validity number (= 1).

Table 1: Validity Category

Aiken’s V scale Category
V>0.80 Valid
V <0,80 Invalid

Source: (Aiken, 1985)

The practicality assessment is obtained through students
completing a response questionnaire, which is then assessed
using the revised formula:

R
- 0,
P MleOO/o

Descriptions:

P = percent value sought

R = raw score by students

MS = maximum score of the test concrened

Table 2: Practicality Level Category

Score Practicality
86% - 100% Very Practical
76% - 85% Practical

60% - 75% Practical Enough
55% - 59% | Not Practical Enough
<54% Not Practical

Source: (Purwanto, 2010)
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3. Results and Discussion

Preliminary Research

Need analysis

The research has concluded and produced several phases in
the execution of the Plomp development method. The initial
phase of this study entails the evaluation of needs and
circumstances. The needs assessment is performed to
determine the challenges faced by pupils in the educational
process. Interviews were conducted with three chemistry
educators from SMAN 1 Padang, SMAN 8 Padang, and
SMAN 13 Padang, and a needs analysis questionnaire was
administered to the XII class.

According to interviews with chemistry teachers, the
teaching of chemistry education now uses the Merdeka
Curriculum. Teachers noted that the implemented learning
paradigm has not facilitated the exploration of concepts
independently, which causes teachers to have to provide an
understanding of basic concepts during class and reinforce
concepts at home. It found that some teachers considered the
material on buffer solutions difficult to understand because it
is abstract and complicated, supported by the learning media
used, which did not cover sub-microscopic representations.
Thus, the implementation of student-centered learning was
considered suboptimal.

Ninety students from three different schools were given
needs analysis questionnaires, and the results showed that 60
of them had difficulty understanding the information on
buffer solutions. Furthermore, 58 students expressed
dissatisfaction with the learning media used on buffer
solutions, which included PowerPoint presentations, printed
books, student worksheets, E-modules, and E-worksheets.
The characteristicsof learning media preferred by students
include 55 students favoring accessibility and ease of use, 46
students selecting portability for use anytime and anywhere,
and 34 students opting for affordability. Thus, the Discord
app can be utilized for technology-based learning, which can
be an alternative to the learning media that students want.

Context Analysis

The content of the buffer solution's contextual analysis aligns
with the Merdeka Curriculum's learning goals. This
investigation constitutes a content standard evaluation; that
is, students are able to explain, differentiate, and ascertain the
relationship between the pH of acid, base, and salt solutions
in buffer systems, apply mathematical concepts in chemical
equations, understand and explain the application of buffer
solutions in everyday life.

Literature Study

The next stage involves a literature review conducted to
gather diverse reference materials, including books, papers,
journals, and other pertinent resources related to the topic.
Helfira and Dj (2022) 14 found that guided inquiry learning
significantly improved student learning outcomes in buffer
solution material compared to the guided discovery learning
model. According to a study by DeMatteo (2019) [, A
flipped classroom model integrated with a guided inquiry
learning approach can improve student-teacher interaction
and elevate cognitive abilities.

Harahap and Mawardi (2022) P9 conducted research
employing the Moodle platform to create a learning system
that integrates guided inquiry learning with a flipped
classroom methodology, concentrating on the topic of buffer
solutions. The flipped classroom facilitates student
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comprehension of the topic. It allows for lesson repetition at
home, as demonstrated by student access to Moodle, while
the guided inquiry model subsequently enhances student
engagement. However, the application is paid, so the public
cannot access it, so a more sophisticated application is
needed, and that is the Discord application. Research
conducted by Wulanjani (2018) 2 indicates that the
utilization of the Discord application in educational settings
can alter students' attitudes towards listening to instructor
explanations during classroom instruction. Students become
active, interactive, and motivated.

a study conducted by Delfianza et al. (2023) ! successfully
developed a flipped class learning system integrated with
guided inquiry using the Discord application for digital
literacy valid and practical in thermochemistry material. The
use of the Discord application allows students to find their
concepts independently. Subsequent research by Akmar et al.
(2024) ™ evaluated the effectiveness of incorporating
Discord learning materials with guided inquiry learning and
flipped classrooms on reaction rates to improve student
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learning outcomes. The study showed that the N-gain value
in the experiment group was 0.70, while in the control group,
0.33. This study found that the guided inquiry learning
approach, when used in conjunction with Discord as a
learning tool in the flipped classroom system, significantly
enhanced student learning outcomes. Similar research was
conducted by Research by Violin et al. (2024) 3% the data
analysis results indicate that using Discord learning media in
conjunction with flipped classrooms that use guided inquiry
on chemical equilibrium material effectively enhances
student learning outcomes.

Conceptual Framework

The research progressed to the conceptual framework design
phase, informed by needs and context analysis with a
literature assessment, culminating in the development of a
product: a flipped guided inquiry learning system utilizing
the Discord application for the subject of buffer solutions.
Figure 2 illustrates the outcomes of the research's conceptual
framework.
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Fig 2: Development of conceptual framework

Prototyping Phase

Prototype |

The prototyping phase commences with the preliminary
design, subsequently leading to the creation of four
prototypes. The initial design phase produces a reversed
flipped guided inquiry learning model that employs the
Discord application, implemented under two educational

settings (Ismail et al., 2023) 31, Figure 3 depicts the subject
of this study. Learning transpires under two conditions:
synchronous and asynchronous. The orientation, exploration,
and concept formation phases will be conducted
asynchronously on the Discord platform. The application and
closing processes will occur simultaneously or via in-person
instruction conducted synchronously.
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Fig 3: The cycle of flipped classroom system based on guided inquiry learning model using Discord (Mawardi et al., 2021) (31

The initial part of guided inquiry learning is the orientation
stage, which prepares students for the learning process
(Lenggogeni & Mawardi, 2022) 1, At this juncture, the
educator uploads a video to the Discord channel that
stimulates student engagement and piques their interest in the
issue of buffer solutions. This orientation stage is crucial as it
will impact student enthusiasm to learn. The study
demonstrates that the orientation video on Discord possesses
clear audio and graphics, along with intelligible text, as
illustrated in Figure 4.

The exploration and concept development phase, wherein
pupils can grasp the presented material, is illustrated in
Figure 5. At this point, a model and key questions are
important to help students understand (Tuti et al., 2023) 29,
When it comes to understanding abstract and complex
concepts in chemistry, the use of models is important (Halim
et al., 2013) . As a result, choosing the right models is
important for preventing misconceptions and concept
misunderstandings among students. To minimize this, the
abstract conceptual model employs a comprehensive multi-

representation (Orgill & Sutherland, 2008) 24,

The application stage is when students reinforce and broaden
the principles they have developed. This phase serves as a
venue to implement the concepts picked up in the previous
stage. As can be seen in Figure 6, activities and questions are
presented to students at this application stage. Exercises
provide students the opportunity to cultivate self-confidence
in basic environments and familiar contexts. This application
stage is carried out synchronously (face-to-face and virtual)
with a group discussion method (Ninda & Mawardi, 2022)
51, This stage will assess the student's comprehension of the
provided content to ensure the attainment of the learning
goals.

The final stage is the closing stage, at which students and
teachers collaboratively draw conclusions related to the
learning that has been carried out (Syafe’i & Mawardi, 2022)
1261, The teacher will validate and strengthen the concepts
obtained by students directly, both in online class conditions
and in direct face-to-face class conditions (Sitanggang et al.,
2022) 281 as seen in Figure 7.
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Prototype 11

The product will thereafter proceed to the prototype |
development phase, during which it will undergo self-
assessment, signifying the initial formative evaluation stage.
The author will assess the generated product by filling out a
questionnaire and validating the pertinent criteria. Following
the completion of the self-evaluation form, the components
are revised in accordance with the assessment results.
Furthermore, if it is finished in accordance with the FGIL
system, the components are submitted to the Discord
application. Furthermore, the Evaluation will produce
prototype Il (Ananda et al., 2023) [,

Prototype 111

At this point, an expert review and one-on-one assessment
will be conducted (Sari & Mawardi, 2022) 271, One-to-one
evaluations are conducted on grade XII students who have
studied the buffer solution topic. This Evaluation aims to
analyze student reactions to the resulting prototype II. In
order for the findings to be representative of all pupils, three
students were chosen based on their high, medium, and low
ability levels. The interview's findings demonstrated that the
final product was aesthetically pleasing, the orientation
video's audio was clear, the questions and content were
simple to comprehend, the model was clear, the directions
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were clear, and it might assist students in answering
important questions.

The expert review seeks to achieve a valid scientific
prototype. This is accomplished via the validation of
prototype Il. The utilised instrument is questionnaire
validation, with two types: content validity and construct
validity. The validator will assess four elements in the content
validity questionnaire: content, presentation, language, and
graphics. The validator will assess two elements in the
construct validity: appearance and presentation.

The content validity questionnaire produced an average score
of 0.90 across 24 items. The result exceeds 0.8 on Aiken's V
scale, signifying validity. The FGIL system created on
Discord has satisfied the criteria outlined in the validity
questionnaire for application in educational environments.
The mean determined for content validity was derived from
five evaluators. The validators comprised three chemistry
specialists from Padang State University and two chemistry
instructors from SMAN 8 Padang. The questionnaire
contains a section for the validator to provide comments and
suggestions on the product under development. The
recommendations, input, and opinions will serve as guides
for enhancing the product. If enhancements are necessary,
they are implemented to ensure the final product is of
superior quality and aligns with its intended purpose.

1.2

1

\l.'

Content

0.98
0.9 0.9
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04
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Presentation Language

Graphics

Fig 8: Content validity results analysis

The construct validity questionnaire will need the validator to
evaluate two aspects: the appearance component and the
presentation component. The validator received an average
score of 0.88 from the 15 statement items tested. This validity
result meets the valid criteria on the Aiken V scale.

0.9 0.87
0.8
0.6
=2
0.4
0.2
0

Convenience

Appearance

Fig 9: Analysis of construct validity results

Following an expert evaluation and the acquisition of a
legitimate product, prototype 111 was developed, which would
subsequently undergo the practicality testing phase for
teachers and students utilizing a practicality questionnaire.
Two chemistry teachers participated in this practical test,
which was conducted in small groups with nine students of
varying ability levels (high, medium, and low) in accordance
with their suggestions.

The researcher divided the students into several study groups
and thereafter conducted a simulation using Discord and
instructional strategies designed in accordance with the
integrated guided inquiry learning paradigm of the flipped
classroom, concentrating on one cycle of the buffer solution
sub-material. Students were asked to respond to a
questionnaire that the researcher handed them, including
complaints and recommendations.

Prototype IV

Evaluating the usability and functionality of the created
product. The results of the practicality assessment will be
derived from a small group evaluation. A survey was
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distributed to chemistry educators. A later analysis of the
teacher and student assessment scores was performed.
Enhancements will be implemented based on feedback from
students and educators to elevate the quality of the prototype

www.allmultidisciplinaryjournal.com

practicality questionnaire, the results of which will be
employed to evaluate the degree of practicality. At this
juncture, data is sourced from two chemistry instructors at
SMAN 8 Padang and nine pupils. Figure 10 illustrates the

IV product. Additionally, students must complete a outcomes of the feasibility assessment.
m Students = Teacher
100 9294 9092 9193 0193

80

e 60

e~ 40

20

0

Ease of Time  Benefits Average
use efficiency

Fig 10: Analysis of practical results

Figure 10 demonstrates that the practicality of each item
averages 92%, classifying them as Very Practical. This
signifies that the designed product offers user-friendliness,
time efficiency, and advantages. Subsequently, these
discoveries were modified to develop a viable and functional

prototype IV. One of the key questions that Students have to
answer is the basics illustrated in Figure 11, which
necessitates comprehension of the operational principle of
buffer solutions. Three students' responses were examined to
ascertain how well they understood the provided model.

NaOH solution

Beaker 1 Beaker 2 Beaker 3
Information:
QG -1:c0:. © -no @ =on
Q@ -Hco, ° =cl
-vo Q@ =na

Sumbec Tro & Au-Yeung. 2011

Fig 11: One models in exploration and

The image above depicts an acid buffer subjected to the
introduction of a basic. It is evident from the research
findings and the responses provided by students in Discord
that the model can assist students in understanding the basic
idea behind how a buffer solution operates. After counting
the quantity of each component in the first beaker, students
examine the model by adding NaOH to the second beaker,

concept formation (Tro, 2016) [28]

which results in a reaction between H,CO3; and OH". As a
result of this reaction, HCOgs is produced with H20 in the
third beaker. Students then estimate the number of
components in the third beaker (the end of the reaction) and
compare it to the number of components in the first beaker
before adding the base (Tro, 2016) [?8. The subsequent text
defines student comprehension as indicated in Table 1.

Table 3: Students' responses to the model in Figure 11

Students Responses
The H2COs component decreases while the HCO3™ component increases in number. This is
Student1 | due to the reaction that occurs between H2COs and the added NaOH solution. This reaction
produces HCOs and H20 components.
Student 2 'I_'he H2CO3 component, which_ was ini!ia_ll_y 3 components, dec_reases to 2 components,
while the HCO3 component, which was initially 3 components, increases to 4 components.
Student 3 The H2CO3 component decreases while the HCOs component.
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Students should now be capable of appropriately responding
to essential questions and recognizing concepts by employing
sub-microscopic and symbolic representations to analyze the
models or images associated with the important questions.
Figure 11 illustrates the reaction of an acid buffer solution
with the addition of a small quantity of base solution. Based
on the examination of the responses, it can be concluded that
Student 1 thinks more deeply than the other students because
his responses were coherent and consistent with the source.
Student 2 demonstrates moderate proficiency in elucidating
the operational principle of the buffer solution since his
responses remain incomplete. Concurrently, Student 3
exhibits limited comprehension.

Based on the research conducted by Waer & Mawardi (2021)
(171 in order for students answers to the main questions to be
truly in line with the current concept, they need to be provided
with a clear model and represent the three levels of chemical
multi-representation, that is macroscopic, sub-microscopic,
and symbolic.

Students must effectively tackle substantial issues utilizing
both macroscopic (visible) and sub-microscopic (molecular)
representations. Moreover, symbolic representation using
symbols or descriptions of a compound is crucial, as it
preserves the integrity of the concepts comprehended by
students, hence facilitating accurate conclusions. The
integration of these three aspects of chemical representation
enhances students' comprehension of concepts in the
macroscopic, submicroscopic, and symbolic domains.
Without these three elements, pupils would experience
misunderstandings, and learning would be improved through
chemical representation.

4. Conclusion

The development of a Flipped Guided Inquiry Learning
(FGIL) system, confirmed by tests of wvalidity and
practicality, yielded results categorized as valid and highly
practical categories. This indicates that the generated product
can proceed to the effectiveness testing phase for
implementation in the learning process. The validity value
obtained was 0.89, with details of 0.90 for content validity
and 0.88 for construct validity. The results of the practicality
percentage were obtained at 92%, with details at 91% from
teachers and 93% from students.
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