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Abstract—Alternative conception or misconception is one of the problems
that often be experienced by the students in science subjects including chemistry
due to its abstractness and wide scope to be learned. Previous studies found that
students often have misconceptions on strength of acid and base topic such as
misconception in determining factor that affect the strength of acid and base, dif-
ferences between strong and weak acid and base as well as the effect of strength
of acid and base on conductivity. To overcome these misconceptions, an online
teaching and learning module using SE instructional model was developed. Anal-
ysis, Design, Development, Implementation and Evaluation (ADDIE) model is
used for research and development. The module used interactive tools and medias
to make students being active and understand chemistry well. This module was
validated by five experts in term of module objectives, module content, usabil-
ity, flexibility, learning activities and language aspects with average is ninety
percent. The results prove that the module is very good and has high validity.
Therefore, the application of online module for acid and base topic based on SE
(Engage, Explore, Explain, Elaborate, Evaluate) model is suitable to be imple-
mented in online teaching and learning process.

Keywords—strength of acid and base, ADDIE model, 5E, teaching and
learning module, online

1 Introduction

Science subjects especially chemistry is a difficult subject due to its abstractness as
it not only involves macroscopic level, but also microscopic level. This leads students
to have misconception or alternative conception on chemistry concepts. Meaningful
learning cannot be achieved as students cannot relate new knowledge with their prior
knowledge or conception. Many studies have been conducted to determine the miscon-
ceptions among students on chemistry concepts. Acid and base topic is a topic in chem-
istry that students often have misconceptions because it is difficult to conceptualize
[1]. The subtopics in acid and base includes chemical properties, role of water to show
properties of acids and alkali, pH scale, strength and concentration of acid and alkali
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as well as neutralization. To overcome the misconceptions in chemistry topics, many
instructional models are implemented in classroom.

SE Model is an example of instructional approach of constructivist learning the-
ory where students construct their own knowledge and understanding about scientific
concepts by exploring it [2]. In this model, students are participating actively in the
learning process which can results in meaningful learning. This learning model also
contributes to enhancement of critical thinking skills and increase of motivation to
learn [1], [3]. There are 5 phases in 5E instructional model which consists of Engage,
Explore, Explain, Elaborate and Evaluate. In this module, learning activities developed
are to be conducted online.

1.1  Problem background

In acid and base topic, students often have alternative conception in strength of
acid and base concept as reported in several studies. The alternative conception for
concept strength of acid and base are in determining factor that affect the strength of
acid and base. According to [4], students consider concentration of hydronium ion,
H,O" to determine whether it is strong or weak acid and concentration of hydroxide
ion, OH™ to determine whether it is strong or weak base. Students also consider weak
acid and base have lower number of ions compared to strong acid and base [5]. Another
misconception is that students unable to differentiate between strong and weak acid and
base [5-6]. Students define strong acids as concentrated acids and weak acids as diluted
acids. Reactivity of an acid and base is affected by their strength is another misconcep-
tion [7]. The last alternative conception that students often had is the effect of strength
of acid and base on conductivity where students consider only strong acid can conduct
electricity [1], [5], [8].

By knowing the students’ misconceptions, teacher can design a teaching method that
eliminate the misconceptions. A lesson can be considered effective if it can fix the mis-
conception of chemistry concepts experienced by the students. Therefore, this module
is developed to aid the students in overcoming their misconception about the concept
of strength of acid and base. SE instructional model is chosen to be implemented in this
module to overcome these misconceptions. In this module, learning activities devel-
oped are to be conducted online. The use of module during online learning is effective
potentially, such as the activities provided make students being active, which is appro-
priate technique [9].

1.2 Significance of strength of acid and base topic

Strength of acid and base is a topic in chemistry that hold a great importance not only
in scientific laboratory, but also essential in industry and in our daily life. For instance,
in industry sulphuric acid is a commonly used in fertilizer manufacturing, waste water
processing and to make man-made fibers. Natrium hydroxide which is base and known
as caustic soda is used in fabrics, paper and cleaning agents’ production. In our daily
life, strong acid is found in stomach digestive juice to digest food and pH levels in the
body need to balance. Weak acid such as carbonic acid is found in sea water and soft
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drinks. Most of the products used in our daily life will lose its purpose without acid
and base. Organic chemistry reactions also occur through acid and base reaction [10].
Therefore, the understanding of this topic must be enhanced and has correct conception
of strength of acid and base. Understanding in acid and base topic will allow us to make
use of its advantages, prevent dangers and be able to conduct safety measure.

1.3 Objectives of study

The objectives of this study are to develop online module for acid and base topic
based on 5E model, and to identify the suitability of the online module for acid and base
topic based on SE model.

2 Methodology

In this study, a qualitative approach is employed and the module is developed by
applying ADDIE Instructional Model which consists of five phases: analysis, design,
development, implementation and evaluation as shown in Table 1. This instructional
model is used because it provides structured guidelines for designing and developing a
learning experience which is module in this study [11].

Table 1. The application of ADDIE in online module for acid and base topic based on 5E model

ADDIE Phase Activity

Analysis Problems experienced by students in learning chemistry are analyzed through
previous literatures using content analysis technique.

Based on the analysis, it is found that student often have alternative conception in
strength of acid and base topic.

Design Planning on development of teaching and learning module for strength of acid and
base topic that implement SE model which focus on online class.

Development Developing online module for acid and base topic based on SE model.
Expert assessment will be implemented to ensure suitability of the module.

Implement Online module for acid and base topic based on S5E model is expected to be utilized at
secondary school by chemistry teacher.

Evaluation The effectiveness of the module will be evaluated by the experts.
Validation results obtained and suggestion on improvement will be taken into account
to improve the module.

3 Result & discussion

3.1 Development of online module for acid and base topic based on SE model

Online module for acid and base topic based on 5E model has been developed to
overcome the misconception in strength of acid and base topic. This module consists
of two important part which is introduction of online module for acid and base topic
based on 5E model and application of SE model for strength of acid and base topic in
online class.
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Introduction of online module for acid and base topic based on SE model. In
this part, teacher is introduced to the misconceptions that students often have in topic
of strength of acid and base from previous literatures, objectives of the module and
introducing steps required in implementing SE model in teaching and learning process.
There are several phases in SE instructional model as shown in Figure 1.

ENGAGE m ELABORATE

Fig. 1. Phases in 5E instructional model

Engage phase. The first phase of 5E instructional model is engage. In this phase,
teacher need to attract students’ interest in the concepts that will learned so that students
will be eager to learn through interesting and meaningful activities. Teacher also needs
to identify students’ prior knowledge and any knowledge gaps [12]. In engage phase,
firstly, the learning will be conducted using google meet. After that, the students will
do experiment in their home using daily materials. Furthermore, the students are given
questions that they must do it through Jamboard (Online board).

Explore phase. Explore phase need students to undergo concrete learning experience
such as hands-on activity and interaction with materials. Activities designed in explore
phase will provide experience to the students which can be utilized later during
explanation. PhET Simulation is used to encourage students during exploring the
strength of acid and base. In this situation, teacher acts as facilitator by asking probing
questions and encourage students to participate in the activities [13].

Explain phase. Explain is a phase where teachers will assist students to synthesize
new information or knowledge and students are encouraged to ask questions for
clarification. Students will need to share their experience or finding from explore
phase. To explain the task, the groups are suggested to do the task using PowerPoint
or Prezi presentation. Then, teacher will introduce the concepts in a more scientific
manner. Construction of new knowledge is gained as students compare the ideas that
they obtain during explore phase with information obtained from the teacher. Students
will organize this information and construct new knowledge.

Elaborate phase. In this phase, students need to apply what they have learned where
the students need to relate the concepts with real life situation or similar concept in order
to develop a deeper and broader understanding. Additional activities are conducted to
apply their understanding on the concepts [12].

Evaluate phase. Evaluate is a phase where the extent of students’ understanding
on the concepts learned is assessed. Assessment examples such as self-assessment,
formative assessment and summative assessment. Kahoot quiz and Jamboard are
used to do evaluation of students. Multiple assessments can be used to evaluate the
students [13].
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Paper—Online Module for Acid and Base Topic Based on SE Model

Figure 2 and Figure 3 shows the display of module cover and introduction of online
module for acid and base topic based on SE model respectively.
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Fig. 2. Display. of module cover of online Fig. 3. Display of introduction of online
module for acid and base topic based on module for acid and base topic based on
SE model 5E model

Application of online module for acid and base topic based on 5E model. This
part consists of application of SE model for strength of acid and base topic in online
class. Table 2 shows a lesson plan of online module based on SE model for strength of
acid and base topic. The activities of learning are according to five phases of SE model.

Table 2. Lesson plan of online module for acid and base topic based on 5E model

LESSON PLAN (ONLINE)
Subject: Chemistry Form: 4
Topic: Strength of Acid and Base Model of Learning: SE Model

Learning Outcomes

Students be able to:

1) Determine the factor that affect the strength of acid and alkali

2) Determine the differences between strong acid and weak acid and differences between strong base
and weak base

3) Draw the particles representation of strength of acid and base

4) Relate the pH value with strength of acid and base

(Continued)
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Table 2. Lesson plan of online module for acid and base topic based on SE model (Continued)

Activities of Learning

iJIM — Vol. 15, No. 23, 2021

Phase Activities Materials Required | Time Allocation
Engage Teacher ask students to give examples of acid Red cabbage, blender, | 60 minutes
and base in daily life strainer, water,
Teacher and students will conduct home container
experiment which is red cabbage pH test. Household substances
Activity 1: (lemon juice, vinegar,
Students and teacher will make red cabbage pH | shampoo, soap, milk,
indicator. baking soda and
Activity 2: others)
Students will test household substances at their | Red cabbage pH scale
home using the indicator produced and observe | Jamboard
the color changes
Students will determine the pH of household
substances using red cabbage pH scale
Teacher will give brief explanation that these
household substances have different strength of
acid and base
Students will write what they know about
strength of acid and base using jamboard
Explore Students are divided into four groups and each | PhET simulation 40 minutes
group will use PhET simulation to explore https://phet.colorado.
about strength of acid and base edu/en/simulation/
Group 1 and Group 2 will explore about strong | acid-base-solutions
acid and weak acid Resources (books,
Group 3 and Group 4 will explore about strong | journals, educational
base and weak base website)
Students are asked to observe particles present,
particles representation, particles concentration,
pH and ionization equation for each solution
Students need to analyze and relate:
The pH changes with concentration of acid and
base
The pH changes with strength of acid and base
Students also can make additional research
about strength of acid and base from other
resources
Explain | All groups are assigned to do PowerPoint or Microsoft PowerPoint | 1 hour and 20
Prezi presentation about what they learned or Prezi minutes
during PhET simulation exploration Video
Students need to present differences between
strength of acid and base in terms of particles
present, particles representation, particles
concentration, pH and ionization equation
Question and answer session is carried out
Teacher will give detailed explanations about
the concept of strength of acid and base
Teacher might give demonstration or show
videos for further understanding
(Continued)
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Table 2. Lesson plan of online module for acid and base topic based on SE model (Continued)

Activities of Learning

Phase Activities Materials Required | Time Allocation

Elaborate | Students need to give daily life application of Problem questions 20 minutes
strong and weak acid and base

Teacher give problems related to conductivity
Students need to relate conductivity with
strength of acid and base

Evaluate | Teacher will conduct online Kahoot quiz Kahoot 20 minutes
Students will write what they know about Jamboard
strength of acid and base after the lesson Exit ticket

Students will fill in exit ticket

Figure 4 and Figure 5 shows the display of activities in online module for acid and
base topic based on S5E model in Engage phase and Explore phase respectively.
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Fig. 4. Display of activities in online Fig. 5. Disp{ay of activities.in online
module for acid and base topic based on module for acid a?nd base topic based on
5E model in Engage phase 5E model in Explore phase

Validation of the module. Validity is very significant in determining the suitability
of'a module to be implemented in teaching and learning process. Therefore, this module
is validated to determine the suitability of the online module for acid and base topic
based on SE model developed. This module is validated by five experts in chemistry
education field. These experts have experience in teaching chemistry in secondary
school. A 5-point Likert scale survey from very poor to very good is used by the experts
to validate the online module for acid and base topic based on SE model. The module
validity is evaluated in several aspects including module objectives, module content,
usability, flexibility, language and learning activities. The validity of the module is
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calculated using percentage calculation method (PCM). The percentage of the score
obtained for each aspect is calculated using formula as follows:
2. Gainedscore

Percentage Score = - x100 (1)
2. Maximum score

Table 3 shows the validation results of module validation from the experts while
Figure 6 shows the validation results from the experts in the form of graph.

Table 3. Analysis of validation results from expert

No. Aspects Percentage Score (%) Interpretation

1 | Objectives 88.0 Very Good
2 | Content 84.0 Very Good
3 | Usability 86.7 Very Good
4 | Flexibility 92.0 Very Good
5 | Language 96.0 Very Good
6 | Learning activities 94.0 Very Good

Average 90.1 Very Good

100.0

95.0

96.0
920 94.0
90.0 880 86.7
84.0
85.0
80.0
75.0
70.0

Objectives Module Usability Flexibility Learning Language
content activities
Aspects

Percentage (%)

Fig. 6. Validation results from experts

Based on the results from the survey, the percentage scores obtained are 88%, 84%,
87%, 92%, 96% and 94% in module objectives, module content, usability, flexibil-
ity, learning activities and language aspects respectively. Based on interpretation of
5 points-likert scale, the results show that this module is very good in terms of all
aspects evaluated as it achieves more than 80%. Overall percentage score average for
the module validity is 90.1% which indicates that this module is very good and has high
validity in general. Therefore, this module is feasible and suitable to be implemented to
overcome students’ misconception on strength of acid and base topic

In module objective aspect, it shows that the module fulfills the objectives stated
which is to fix the misconception and enhance students’ understanding in strength of
acid and base topic. The content of this module is also considered feasible. It is aligned
with the intended learning outcomes in curriculum. The teaching steps and evaluation
provided in this module also complete where it can be used as a guideline to the teacher
when implementing SE model in online teaching and learning process. The contents of
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this module are enough for students to understand strength of acid and base topic. This
finding is in line with the study of [13] who found that the module developed using the
SE model was found to be able to correct students’ misconceptions.

For usability aspect, SE model is suitable to be used in teaching and learning process
of strength of acid and base topic. The activities proposed also suitable to be used in
online class and the content of this module can be delivered easily to the students. In
terms of learning activities, the teaching strategies are in alignment with SE instruc-
tional model and it can trigger the activeness of students’ participation in learning
chemistry. This module is flexible as it can be used by any party to teach the students.
The language used in this module also easy to understand. This finding is in line with
[14] study which showed that active learning occurs and effective teaching can be
implemented using modules developed based on appropriate models as well as using
clear language.

There are several suggestions that has been made by the experts to improve the
module in terms of appearance and content. It is suggested by the experts to put more
infographic in some parts to make the module more interesting and change color of the
module cover. The usage of the image also needs to be in high definition or high pixel to
ensure the image is clear when this module is copied. There are also minor corrections
that need to be done such as wording and grammar. Explanation on certain tools used
in the module also need to be explained as not all teachers are familiar with the tools. In
evaluation phase, it is suggested to include structured questions to ensure that students
can completely understand the concepts and overcome the misconception on strength
of acid and base especially for underachiever students. Learning video during explain
phase are also suggested to be included. This finding is in line with the study of [15]
who suggested that the use of video, graphics and images can help the learning process
more effectively, including overcoming the existence of student misconceptions.

Advantages of modules. There are various advantages that students and teachers
can gain through the use of SE model of online teaching and learning module.

Teacher. This module provide teacher with insights on how to identify the
misconception that students have for strength of acid and base topic, what kind of
activities that can be implemented in online class to overcome the misconception and
how to engage students in the learning process. Novice or beginner teachers can also
enhance their teaching process as this module incorporates step by step stages. Lastly,
teacher can evaluate own teaching method used from the exit ticket answered by the
students. Improvement on teaching method or learning activities can be made.

Students. Firstly, the learning process become more student-centered as students
are actively engaged in the learning process. The activities proposed in this module
can result in better acquisition of scientific concepts compared to traditional teaching
method as simulation is used to enable students to visualize the particles present in
microscopic level. Students construct their own knowledge by exploring the learning
activities and having discussion with peers which encourage them to use their inquiry
and critical thinking. As a result, their cognitive skills are improved. The activities also
allow students to relate new knowledge gained with prior knowledge which can lead to
meaningful learning.

Learning media. This module can be a learning media that is suitable to use in online
learning. It is accessible using mobile phone, tablet, and PC. The activities provided
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makes students having interactive learning environment. Thus, this module can be used
during COVID-19 pandemic as learning media.

4 Conclusion

Strength of acid and base is a difficult topic and often causes misconception among
students. Therefore, SE instructional model is applied in this online teaching and learn-
ing module to overcome these misconceptions and better understanding on this topic.
The result of the study shows that the module is very valid and has high suitability
to be implemented in teaching and learning process. Improvement needs to be made
to ensure that this module can be implemented effectively and be used by any party.
Besides, the use of interactive media and tools in module help students being interactive
during online learning. This module is also accessible using any mobile phones, PC,
and electronic devices. It is hoped that this module can be implemented in actual class
and can be as a guideline for module development for another topic which students
have misconception on. Improvement should be made to enhance the effectiveness.
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