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Chemistry learning in senior high schools level often encounters
challenges due to the abstract nature and broad scope of the material,
which make it difficult for students to understand and lead to low
learning outcomes One solution is laboratory practice, which provides
direct learning experiences. An observation at Methodist
El Shadday Senior High School showed that no chemistry laboratory
manual was available, and the textbooks used did not include practical
activities. This research was conducted to design a chemistry laboratory
manual based on the guided inquiry model. The guided inquiry model
was selected as it guides students to ask questions, develop hypotheses,
conduct experiments, and draw conclusions. The manual also introduces
laboratory tools, materials, and safety guidelines to ensure safe
laboratory activities. The research applied a Research and Development
(R&D) approach using the ADDIE model up to the development stage.
The product was validated by three chemistry lecturers and three
chemistry teachers using instruments based on BSNP standards.
Validation by lecturers showed scores of 88.46% for content, 82.5% for
presentation, 87.03% for language, 88.88% for graphics, and 89.39% for
guided inquiry. Teacher validation showed 96.66% for content, 96.66%
for presentation, 96.29% for language, 96.82% for graphics, and 95.54%
for guided inquiry. All results were categorized as feasible. The results
show that the laboratory manual developed is suitable to be used as a
learning resource. It is anticipated that this product will help improve
students’ academic performance as well as their scientific process skills
through hands-on laboratory activities.

Keywords: Chemistry laboratory manual, guided inquiry, learning
video, Science Process Skills, laboratory activities

1. Introduction

As an experimental science, chemistry involves abstract and complex concepts, making
it difficult to learn solely through reading or lectures. Many high school students perceive
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chemistry as a difficult subject, which reduces their interest and is reflected in generally low
learning outcomes. Astafani et al. (2024), through a systematic review, showed that difficulties
in learning chemistry are caused by both internal factors, such as low motivation and cognitive
abilities, and external factors, such as ineffective teaching methods and limited supporting
facilities.

According to (Siregar & Harahap, 2020), an effective strategy to improve students’
understanding of chemical concepts is through authentic scientific activities, namely laboratory
practice. (Rahmawati, 2019) explained that laboratory practice enables students to directly
interact with the material, thereby increasing curiosity, conceptual understanding, learning
motivation, and skills in handling laboratory equipment. This finding is supported by (Haryati
et al., 2021) and (Mujahidin, 2021), who demonstrated that well-implemented laboratory
practices can significantly improve conceptual understanding and scientific skills among high
school students. This is consistent with the Kurikulum Merdeka, which emphasizes not only
mastery of concepts but also the development of scientific process skills, including observation,
problem formulation, experimental design, data analysis, and conclusion drawing principles
that align with laboratory practice.

For laboratory practice to be effective, several conditions must be met, including adequate
facilities, the availability of appropriate tools and materials, and supporting teaching resources.
One relevant resource is a laboratory manual. However, conventional manuals are often merely
procedural and do not fully support students’ conceptual understanding. Therefore, a more
systematic practicum guidebook that integrates an effective learning model is needed. One of
the learning models that can support practicum activities is the guided inquiry model, which
encourages students to actively seek and investigate information critically, logically, and
analytically (Pranoto & Sudiyanto, 2024). This model not only helps students understand
practicum procedures more effectively but also promotes active engagement in independently
discovering concepts and theories. In addition, the guided inquiry model makes practicum
activities more structured and aligned with the learning outcomes (CP) and learning objectives
(ATP) stated in the Merdeka Curriculum (Prasetiyo & Rosy, 2021). Research by (Putri, 2021)
also demonstrated that an inquiry-based laboratory guidebook is effective in helping students
understand practicum activities and discover relevant scientific concepts.

Initial observations at Methodist Senior High School, Perbaungan, revealed that
chemistry learning was not yet optimal because students still perceived chemistry as difficult
and laboratory practice was rarely conducted. Teachers acknowledged the importance of
laboratory activities but noted that limited media and teaching resources hindered effective
learning interactions. The textbooks used did not provide adequate practical guidelines, so
teachers relied only on worksheets (LKS), which were not effectively implemented. This
finding is consistent with (Nufus & Sakti, 2021), who reported that conventional worksheets,
being largely procedural, are less effective because they do not encourage active participation
or scientific thinking. In addition, interviews showed that low learning outcomes were also
influenced by the limited variety of learning media. Questionnaire data indicated that 77,3% of
students were interested in using a more comprehensive laboratory manual, and 95,5% stated
that such a manual would be very helpful in understanding concepts before and during practice.
These findings highlight the need for structured and accessible laboratory teaching materials.

The novelty of this study lies in the development of a guided inquiry-based chemistry
laboratory manual enriched with instructional videos. The addition of videos as an introduction
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is expected to stimulate students’ interest and strengthen conceptual understanding (Talib et al.,
2017). According to (Putra & Rahayu, 2022), integrated videos enable students to learn
essential concepts and understand practicum procedures before conducting laboratory
activities. This is supported by the findings of (Hartati & Siregar, 2024), which indicate that the
use of instructional videos can enhance students’ conceptual understanding in chemistry
learning. Consequently, students become better prepared and have a clearer understanding of
the objectives of the practicum to be conducted.

This development is motivated by the absence of practicum teaching materials that
integrate the guided inquiry learning model with audiovisual media in schools. Therefore, this
study aims to develop and evaluate the feasibility of a guided inquiry—based chemistry
practicum guidebook equipped with instructional videos for grade X senior high school students

2. Methods

This study employed a Research and Development (R&D) approach with the objective
of creating and evaluating the feasibility of a product, namely a Guided Inquiry-Based
Chemistry Laboratory Manual with learning videos for tenth-grade high school students in the
second semester.

The research and development model applied was the ADDIE model (Analysis, Design,
Development, Implementation, and Evaluation) (Rayanto & Sugianti, 2020), with the research
limited to the Development stage. The Chemistry Laboratory Manual underwent validation by
three chemistry lecturers and three chemistry teachers who assessed its feasibility as
instructional material for grade X chemistry learning in senior high school.

2.1. Data Collection Tools
Data were collected using the following methods:

1. Preliminary Analysis: Data were obtained through interviews with chemistry teachers,
student needs questionnaires, and an analysis of teaching materials currently used in the
school.

2. Design of Learning Materials and Media: Learning objectives, content, activities, and the
structure of the chemistry laboratory manual were developed based on the results of the
preliminary analysis.

3. Development of the Chemistry Laboratory Manual: The product developed was a guided
inquiry-based chemistry laboratory manual equipped with learning materials, learning
outcomes and objectives, laboratory worksheets, safety guidelines, an introduction to
laboratory tools and materials, and instructional videos accessible via barcode/QR code.
Each practicum activity was designed according to the guided inquiry syntax, starting from
problem orientation, hypothesis formulation, data collection, data analysis, to conclusion.
The developed manual was validated by three chemistry lecturers and three high school
chemistry teachers. Validation focused on content, presentation, and language feasibility,
with results presented in the form of scores and feedback for product refinement.

This study was limited to the Development stage of the ADDIE model, focusing on the
design and validation of a guided inquiry-based chemistry laboratory manual prior to classroom
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implementation. The Implementation and Evaluation phases will be addressed in subsequent
studies following the completion of the chemistry laboratory manual’s development
The entire sequence of the ADDIE model research procedure is presented in Figure 1.

Figure 1.
Development Procedure of the Chemistry Manual Laboratory
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2.2. Data Analysis

Data analysis for feasibility validation was carried out to assess the extent to which the
developed chemistry laboratory manual met the feasibility standards. The validation process
used an instrument based on the standards of the National Education Standards Board (BSNP).
The assessment employed a Likert scale with the following categories: 1 = Strongly Disagree,
2 = Disagree, 3 = Agree, 4 = Strongly Agree. After the validators completed the validation
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instrument by giving scores according to the assessed aspects, the results were analyzed
qualitatively. The feasibility percentage was then calculated using the following formula:

Feasibility Percentage = obtained score x 100%
maximum score

The feasibility of the guided inquiry-based chemistry laboratory manual with learning
videos was analyzed descriptively and qualitatively by comparing the obtained percentage
scores with the feasibility criteria presented in Table 1.

Table 1.
Criteria for Product Feasibility Based on Percentage Scores
Score Category
80% - 100% Very Feasible
60% - 79% Feasible
40% - 59% Less feasible
0<39% Not feasible
(Arikunto, 2018)

3. Result and Discussion

3.1. Analysis

The analysis stage was carried out to identify the problems, needs, and initial conditions
of chemistry learning at Methodist El-Shadday Senior High School. The initial needs analysis
technique, conducted through interviews with the chemistry teacher, was analyzed descriptively
to determine the school’s level of need for a chemistry practicum guidebook to be developed.
The interview aimed to obtain information regarding students’ learning outcomes, obstacles in
chemistry learning, and the availability of learning media. Descriptive analysis was employed
to describe the data as it was, without generalizing or drawing broader (Silvia, 2020). In
addition, students’ needs were assessed using questionnaires distributed to grade X students via
Google Forms, as well as through an analysis of the existing chemistry textbooks.

The results of chemistry teacher interview results presented in Table 2.

Table 2
Summary of Chemistry Teacher Interview Results

No Question Summary of Teacher’s Response

1 How are the chemistry learning The students’ chemistry learning outcomes are
outcomes at SMA Swasta Methodist generally unsatisfactory; several learning
El- Shadday Perbaungan? objectives have not been achieved.

2 What are the main factors Students have low motivation and perceive
contributing to the suboptimal chemistry as difficult due to its abstract concepts
learning outcomes? and complex learning process.
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3 Have you applied any specific
learning model in chemistry

lessons?

No specific learning model has been applied;
teaching mostly uses PowerPoint presentations
and textbooks.

4  How important is scientific work or
practicum in chemistry learning?

Practicum is very important as it helps students
better understand abstract concepts through direct
experience.

5 Do you currently use a chemistry

laboratory manual?

No, because it is not yet available at the school.

6 If not, what materials are used

during practicum activities?

Self-prepared student worksheets, which are still
limited in providing technical guidance and
theoretical explanations.

7 Do you think a chemistry
laboratory manual be developed?se

Yes, a more structured chemistry laboratory
manual would help students perform practicum
activities more effectively and independently.

8 What do you think about
developing the laboratory manual

using a guided inquiry model?

Very good, as it would make learning more
structured and encourage students to actively
explore and understand concepts

9  What if the guidebook is equipped

with instructional videos?

Very helpful, since audiovisual materials can
increase students’ interest and engagement in
learning.

The interview results show that students’ chemistry learning outcomes are still below
expectations due to low motivation and the perception that chemistry is a difficult subject. The
teacher emphasized the importance of practicum activities in helping students understand
abstract concepts; however, the school does not yet have a structured practicum guidebook. The
existing materials, such as self-developed worksheets, are still limited and lack detailed
guidance on procedures and laboratory safety. Therefore, the teacher supports the development
of a guided inquiry—based practicum guidebook equipped with instructional videos to improve
students’ motivation, understanding, and engagement in chemistry learning. Through guided
inquiry—based learning, students can gain a deeper understanding of concepts by constructing
their own knowledge, making the learning process more active, meaningful, and aligned with
the characteristics of chemistry learning (Malau et al., 2019). The results of students’ needs

analysis presented in Table 3.

Table 3
Results of Students’ Needs Analysis
Aspect Question (%) Interpretasi
22, 7% Often
Frequency of How often do you conduct 59,1% Sometimes
Practicum chemistry practicum? 13,6% Rarely
4,6% Never
81,8 Interested
Interest in How interested are you in joining 13,6 Fairly Interested
Practicum chemistry practicum? 4,6% Less Interested
0% Not Interested
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72,7% Motivated
Learning Does the practicum increase your 22,7 Fairly Motivated
Motivation learning motivation? 4,6% Less Motivated
0% Not Motivated
Incomplete tools 68,2%
Main Difficulties  Inadequate procedure 13,6%
During Practicum  Limited time 27,,3%
Conceptual difficulties 45,5%
Use of Chemistry Do you use a practicum guidebook 54,5% Yes
Laboratory Manual during experiments? 45,5% No
Effectiveness of ) 77,2% Helpful
. Does the current practicum .
Chemistry : debook hel o 9,1% Fairly Helpful
Laboratory Manual gUIAebook hielp you: 13,6% Less Helpful
If not using a guidebook, what do
Alternative to you use?
Chemistry Student Worksheet (LKS) 36,4%
Laboratory Manual Teacher Notes 54,5%
Tidak ada 9,1%
Interest in Are you interested in a more 77,3% Important
Chemistry structured and detailed practicum 18,2% Fairly Important
Laboratory Manual guidebook than LKS? 4,5% Less Important
Need fr Inovatif Wguld you like a prapticgm 95,5 Yes
Media guidebook based on inquiry 45 No

combined with video?

These findings were supported by student questionnaire results, which indicated that most
students preferred practicum activities over lecture-based learning. A total of 77,3% of students
expressed interest in a chemistry laboratory manual equipped with instructional videos, while
95,5% agreed that developing a guided inquiry-based chemistry laboratory manual with
learning videos would be very helpful.

The researchers also analyzed the textbooks used in the school. The selection of these
books was based on the teaching materials currently used in chemistry learning at Methodist
El-Shadday Senior High School, Perbaungan. Two textbooks were analyzed (type of textbook
in table 4), and the results are presented in Table 5.

Table 4.

Types of Textbooks Analyzed

Book Title Author’s Publisher Year of Publication
Kimia untuk Drs. Unggul Sudarmo,
SMA/MA Kelas X M.Pd Erlangga 2013
Ilmu Pengetahuan Ayuk Ratne} Pgspanmgmh Masmedia
Alam SMA Elizabeth Tjahjadarmawan Buana 2021
Niken R Krisdianti Pustaka
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Table S.
Tabulation of the Evaluation of Two Chemistry Textbooks

No (Ej:;’;l;i:::t Average Score Percentage (%)  Feasibility Criteria

1  Content Feasibility 2,96 74,00 % Feasible

o [Presentation 2,60 65,00 % Feasible
Feasibility

3 Language Feasibility 2,94 73,50 % Feasible

4  Graphical Feasibility 2,59 64,75 % Feasible

5 Guided Inquiry 1,31 32,75 % Not feasible
Average Score 12,4 62,00 % Fairly feasible

Based on the validation results, the two chemistry textbooks obtained an average score of
12.4 (62.00%) and were categorized as fairly feasible. The aspects of content feasibility,
presentation, language, and graphics were considered fairly feasible, while the guided inquiry
aspect received the lowest score (1.31 or 32.75%) and was categorized as not feasible. This
indicates that although the textbooks met the minimum standards as teaching materials, the
limitations in providing practicum activities and the lack of integration of the guided inquiry
approach remain major weaknesses that require further attention in future development.

3.2. Design

After completing the analysis stage, which served as the initial step in data collection, the
researcher proceeded to design a guided inquiry—based chemistry laboratory manual. At this
stage, relevant references related to the tenth-grade chemistry curriculum were collected to
ensure alignment with the established learning outcomes and learning trajectory. The researcher
also selected and designed supporting learning media, including illustrative images, educational
websites, and instructional videos, which were later integrated into the manual to facilitate
student engagement.

The guided inquiry model was chosen because it aligns with the scientific approach
emphasized in the current chemistry curriculum and supports the development of students’
higher-order thinking skills. According to (Ananda et al., 2021), guided inquiry allows students
to construct understanding through active exploration and teacher guidance.

The guided inquiry learning model applied in this manual consists of five main stages
(Depin et al., 2024):

1. Problem Orientation — The teacher creates a conducive learning atmosphere and directs
students’ attention to the issues under investigation by:
a. explaining the learning topic and objectives;
b. outlining the key activities to achieve these objectives;
c. presenting an introductory learning video to stimulate curiosity and motivation; and
d. posing guiding questions to encourage critical thinking prior to the laboratory activity.
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2. Formulating Hypotheses — Students propose tentative answers to the presented problems,
which are then verified experimentally. This process encourages logical and evidence-
based reasoning.

3. Experimentation and Data Collection — Students conduct experiments according to the
manual’s procedures. Both qualitative and quantitative data are systematically recorded,
developing students’ scientific process skills such as observation, measurement, and data
analysis.

4. Testing the Hypothesis — The collected data are analyzed to validate or refute the initial
hypotheses. Students connect empirical findings with theoretical concepts, fostering
analytical and evaluative thinking.

5. Drawing Conclusions — Based on the data analysis, students formulate logical conclusions
that integrate theoretical and practical chemistry understanding.

The chemistry laboratory manual’s design considered feasibility in terms of presentation
and graphical aspects to ensure its suitability for classroom implementation. The manual was
developed using Canva, resulting in visually appealing and pedagogically sound content.
Graphically, it employed an A4 layout with a dominant combination of light red and white
tones. This color scheme was selected to create a bright and engaging appearance,
differentiating the manual from conventional worksheets that tend to appear monotonous.

The structure of the chemistry laboratory manual was systematically organized into
several sections, including the cover page, title page, preface, table of contents, introduction,
user instructions, laboratory rules, introduction to laboratory tools and materials, chemical
hazard symbols, theoretical review, guided inquiry—based experimental procedures, video
learning practicum worksheets, practice questions, and glossary. Through this structure, the
manual not only presents experimental procedures but also supports students in developing
conceptual understanding, laboratory skills, safety literacy, and critical thinking.

Based on this design, the design of the cover along with several sections of the chemistry
laboratory manual is presented in Figure 2.

Figure 2.
Initial Design Layout of the Guided Inquiry-Based Chemistry Laboratory Manual
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The development phase produced a Guided Inquiry—Based Chemistry Laboratory Manual
for Tenth-Grade Students, which was complemented by learning videos. The manual consists
of three chapters, namely: (1) Chemical Reactions, (2) Basic Laws of Chemistry, and
(3) Green Chemistry. In the preliminary section of the manual, an introduction to laboratory
tools and chemical materials is provided to familiarize students with the laboratory environment
before conducting experiments. This section aims to build students’ foundational knowledge
about common laboratory apparatus and chemical reagents, particularly for those who are new
to laboratory work. The description of laboratory tools and materials is shown in Figure 3.
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Figure 3
Description of Laboratory Tools and Materials
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The chemistry laboratory manual was designed based on the syntax of the Guided Inquiry
learning model, which consists of five main stages: problem orientation, hypothesis
formulation, experimentation and data collection, hypothesis testing, and conclusion
formulation. At the problem orientation stage, each practicum activity begins with a contextual
phenomenon related to the experimental topic. This stage is complemented by an introductory
practicum video that can be accessed through a QR code provided on the manual’s pages.

The inclusion of instructional videos as an introduction to the practicum further enhances
the effectiveness of the chemistry laboratory manual, as it helps students visualize abstract
concepts before conducting hands-on experiments. The videos serve as a bridge to visualize
theoretical ideas, demonstrate experimental procedures, and foster students’ learning
motivation prior to the practicum. This aligns with the findings of (Zahra et al., 2023), which
showed that the use of instructional videos in guided inquiry—based laboratory learning
significantly improved students’ science process skills, particularly in the aspects of
observation, analysis, and drawing conclusions. The interface of the learning video is displayed
in Figure 4
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Figure 4
The Interface of The Learning Video
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Subsequently, the Guided Inquiry—based practicum activities are systematically
organized in each chapter. Students are guided to formulate hypotheses, conduct experiments,
collect and analyze data, and draw conclusions independently under teacher supervision. The
syntax of the guided inquiry model in chemistry laboratory experiments is shown in Figure 5.

This is an open access article under the HYPERLINK "https://creativecommons.org/licenses/by/4.0/" CC BY 4.0 license.
Copyright ©2025 by Author. Published by Universitas Kristen Indonesia

394



Edumatsains, Volume 10 Issue. 2, October 2025, pp 383-400

Figure 5
The Syntax Of The Guided Inquiry Model In Chemistry Laboratory Experiments
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At the end of each chapter, the chemistry laboratory manual provides practice questions
and reflective exercises designed to evaluate students’ conceptual understanding of the topics
explored through laboratory activities. These exercises also serve as tools for self-assessment
and conceptual reinforcement, helping students connect experimental results with the
theoretical concepts learned. In addition, the end of the chemistry laboratory manual includes a
science process skills assessment instrument aimed at measuring students’ abilities during
chemistry laboratory activities. The practice questions and the science process skills instrument
are shown in Figure 6.
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Figure 6
The Practice Questions And The Science Process Skills Instrument
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Chemistry Laboratory Manual was designed and developed to be subsequently validated
by three chemistry lecturers and three chemistry teachers. A feasibility test was conducted to
determine the percentage of the chemistry laboratory manual through a validity assessment.
The chemistry guided book validity was measured using an instrument in the form of a
questionnaire sheet designed based on the modified BSNP reference. The average percentage
results from expert lecturer validators are presented in Figure 7.

Figure 7.
Graph of the Validation Results by Chemistry Lecturers
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Based on Figure 7, the content feasibility aspect obtained a percentage of 88.46%, the
presentation feasibility aspect reached 82.5%, the language feasibility aspect achieved 87.03%,
the graphical feasibility aspect obtained 88.88%, and the guided inquiry feasibility aspect
scored 89.39%. All of these results fall into the feasible category. Overall, the findings indicate
that the developed chemistry practicum guidebook is considered feasible and appropriate to be
used as a learning resource. Furthermore, the results of the validation conducted by chemistry
teachers are presented in Figure 8.

Figure 8.
Graph of Validation Results by Chemistry Teacher

Validation Results by Chemistry Teacher

0,
97009 ~ 9666%  96,66% 96226

96,50% Tt

'y 0

96,00% 95,45%
95,50% I
95,00%

94,50%
Content  Presentation Language Graphical Guided
Feasibility = Feasibility = Feasibility = Feasibility Inquiry
Feasibility

This is an open access article under the HYPERLINK "https://creativecommons.org/licenses/by/4.0/" CC BY 4.0 license.
Copyright ©2025 by Author. Published by Universitas Kristen Indonesia

397



Edumatsains, Volume 10 Issue. 2, October 2025, pp 383-400

Based on Figure 8, the content feasibility aspect obtained a percentage of 96.66%, the
presentation feasibility aspect reached 96.66%, the language feasibility aspect achieved
96.29%, the graphical feasibility aspect obtained 96.82%, and the guided inquiry feasibility
aspect scored 95.45%. All of these results fall into the fairy feasible category. All of these
results fall into the feasible category.

Based on the validation results, the developed chemistry laboratory manual was declared
feasible in all aspects, including content, presentation, language, graphics, and guided inquiry.
This finding is in line with previous studies. (Rahayu & Sardiana Sari, 2023) found that a guided
inquiry-based practicum guide was valid, practical, and effective in improving students’ science
process skills and critical thinking, with a practicality score of 90.5% and an effectiveness of
88.54%. Similarly, (Azizah et al., 2024) reported that a biology practicum guidebook based on
guided inquiry achieved very high expert validation results, ranging from 84.43% to 97.5%,
with an overall score of 91%, placing it in the highly valid and practical category. In addition,
(Risqi & Wahyuni, 2022) reported that the guided inquiry-based practicum worksheet they
developed obtained validation scores of 91% for content, 87% for presentation, and 91% for
language aspects, which were categorized as very valid. The practicality aspect also showed
positive results, with an average student response of 73% in the high category. These findings
further confirm the practicality and effectiveness of guided inquiry-based instructional
materials in supporting active and meaningful learning.

Supporting this, (Akmalia et al., 2025) developed a chemistry practicum kit using the
guided inquiry model and obtained an average feasibility score of 3.54, which is classified as
very feasible. Furthermore, (Adauyah & Aznam, 2024)_ through a systematic literature review of 11
articles, highlighted that guided inquiry consistently improves metacognition, conceptual
understanding, science process skills, critical thinking skills, learning outcomes, and creativity.
In addition, (Pramesti et al., 2025) demonstrated that an inquiry-based e-module for ecosystem
topics in high school yielded high validation results (86%-94.54%), was very practical
according to both teachers (93.75%) and students (95.4%), and effectively improved students’
critical thinking skills with an average score of 77.25% (high category).

Thus, the validation of the laboratory manual developed in this study reinforces empirical
evidence that guided inquiry-based teaching materials are feasible to be used in improving the
quality of chemistry learning, particularly in facilitating students’ understanding of abstract
concepts through hands-on experience.

4. Conclusion

The researcher successfully developed a Chemistry Laboratory Manual based on the
guided inquiry model. Validation by lecturers showed scores of 88.46% for content, 82.5% for
presentation, 87.03% for language, 88.88% for graphics, and 89.39% for guided inquiry.
Teacher validation showed 96.66% for content, 96.66% for presentation, 96.29% for language,
96.82% for graphics, and 95.54% for guided inquiry, indicating that the developed product is
highly feasible for use in chemistry learning.

The use of this practicum guidebook is expected to facilitate meaningful learning by
actively engaging students in hypothesis formulation, experimentation, and drawing
conclusions, thereby helping them to better understand abstract chemistry concepts. For future
research, it is recommended that the study proceed to the implementation and evaluation stages
in classroom practice, in order to further examine the effectiveness of the guidebook in
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improving student’s learning motivation, conceptual understanding, and scientific process
skills.
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