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ABSTRACT

This study intends to investigate the differences in the effect of the TripleChem learning model with Balinese local
wisdom and the Discovery Learning model on students’ visual literacy and chemical mental models about acid-
base solutions. The research was designed using a quantitative approach and classified as quasi-experimental.
The research design used was a pretest-posttest non-equivalent control group design. The population of this study
was 206 junior high school students with Balinese cultural backgrounds with various beliefs (religions), namely
Hindus, Muslims, and Christians. Cultural content will cause learning to be more contextual, more interesting,
and bring students closer to their own culture. The sampling was done using a simple random sampling technique,
and obtained two sample classes, one class as the experimental group, and the other as the control group. The
experimental group was taught using the TripleChem learning model containing Balinese local wisdom, while
the control group was taught using the Discovery Learning model. The dependent variable in this research was
visual literacy and students’ mental models of chemistry. Data collection was carried out using a visual literacy
test (10 items in total; item validity between 0.520 — 0.893; and test reliability coefficient of 0.895) and a chemical
mental model test (8 items in total; item validity between 0.669 — 0.878; and test reliability coefficient of 0.922).
Data analysis was carried out descriptively and MANCOVA. The results show that the TripleChem learning model
is more effective to be applied to improve students’ visual literacy and mental models about acid-base solutions
compared to the Discovery Learning model. This condition is caused by the syntax of the TripleChem learning
model which is more sequential and structured to build students’ visual literacy and chemistry mental models.
The application of the TripleChem learning model in chemistry learning needs to be supported by laboratory
facilities to display chemical macroscopic phenomena and animated media to explain these phenomena at the
level of matter particles.
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INTRODUCTION on is not only interpreted as success in associating

newly received information with students’ prior

Before learning, educators must choose a
suitable learning model to make the teaching and
learning process fun, meaningful, and sustainable
(MacVaugh & Norton, 2012; Franco-Mariscal et
al., 2015; Rahmawati et al., 2019; Coman et al.,
2020). Meaningful learning in chemistry educati-
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knowledge but as success in building a complete
mental model of chemistry, covering three levels
of chemistry (macroscopic, submicroscopic, and
symbolic) and the interconnection of these three
levels (Tsaparlis & Finlayson, 2014; Supriadi et
al., 2021; Yulianti et al., 2022). The macroscopic
level is real, covering various chemical phenome-
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na that can be directly observed or measured in
everyday life and the laboratory. The submicros-
copic level is abstract and requires theory to exp-
lain phenomena that occur at the molecular level.
The symbolic level represents matter particles,
including atoms, molecules, and ions, in pictu-
res, formulas, or forms resulting from computer
processing. The chemical mental model formed
in students’ minds about the interconnection of
the three chemical levels can describe, explain,
and predict chemical phenomena based on their
molecular structure (Mayer, 2020; Supriadi et al.,
2021; Siregar & Kurniawati, 2022; Nagel & Lind-
sey, 2022).

The learning models applied by educators
in the classroom are usually classified as general
models, which are only sometimes compatible
with the characteristics of the teaching materials
that must be delivered to students. The 2013 cur-
riculum standard process (Permendikbud No. 65
of 2013) reveals that science/chemistry learning
in schools uses a scientific approach using dis-
covery/inquiry learning models, problem-based
learning, and project-based learning. Applying
these models to chemistry learning can improve
student learning outcomes, science process skills,
critical thinking skills, and students’ creative thin-
king skills (Permatasari & Laksono, 2019; Suradi-
ka et al., 2023; Yerimadesi et al., 2023), but the-
re is no guarantee that learning is carried out by
targeting the three levels of chemistry and their
interconnections as a whole (Suja, 2018a; Dewi
et al., 2021; Yulianti et al., 2022; Cunha, 2023).

To provide a clear direction regarding the
target of recognizing the three chemical levels
and their interconnections, previous findings
have developed a specific model for learning che-
mical concepts (Sartika & Hadi, 2015; Dewi et
al., 2021). The learning model is labeled as the
TripleChem learning model (Suja, 2018a). The
development of a special TripleChem model for
learning chemistry is based on links and matches
between chemistry content, which consists of
three levels and their interconnections, with ways
to study it according to the epistemology of Catur
Pramana, which includes Anumana Pramana (rea-
soning), Pratyaksa Pramana (observing), Upamana
Pramana (modeling), and Sabda Pramana (expla-
nation).

Testing the advantages of the TripleChem
learning model as a specific model for learning
chemical concepts, especially in forming visual li-
teracy and chemical mental models, compared to
general learning models, needs to be carried out
further. This action is needed to assist teachers
in choosing the right learning model to introdu-
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ce chemistry concepts that cover three levels to
students. If this is not done, the teacher will only
use the general learning models suggested in the
curriculum without considering the characteris-
tics of the concepts to be taught to students and
their learning objectives. The application of the
discovery learning model that is commonly prac-
ticed by teachers in teaching chemistry concepts
according to the 2013 Curriculum is proven to be
able to improve learning outcomes, science pro-
cess skills, and students’ higher-order thinking
skills (Permatasari & Laksono, 2019; Azhara et
al., 2020; Mahdian et al., 2022;.Yerimadesi el al.,
2023). However, no research has compared the
advantages of this learning model with the T7ip-
leChem model for teaching chemistry concepts.

In this study, the researchers compare the
effects of the TripleChem learning model with the
Discovery Learning model on learning acid-base
concepts in junior high schools. The selection
of the acid-base concept in junior high school is
based on the following considerations. First, the
concept of acids and bases is essential in learning
science in the seventh grade of junior high school.
This concept will continue to be used by students
while studying chemistry, even up to university.
On that basis, the mental models of junior high
school students about acids and bases must be
scientifically correct, and that can happen if they
are taught with the right learning strategies. Se-
cond, the concept of acids and bases taught in ju-
nior high schools includes understanding aqueo-
us solutions, macroscopic properties of acid-base
solutions, ionization/dissociation reactions at
the molecular level, and reaction equations at
the symbolic level. Thus, learning the concept
of acids and bases in junior high school provides
space to introduce the three chemistry levels fully.
Third, students’ first impressions of learning che-
mical concepts will influence their acceptance of
chemical material in subsequent lessons, whether
at junior high school, senior high school, or uni-
versity. Thus, the availability of suitable and ef-
fective learning models for chemistry is necessary
for every teacher who teaches chemistry material.
These actions are intended to make chemistry
learning interesting and meaningful in forming
students’ mental models and visual literacy.

On the other hand, learning chemistry
(science) concepts in schools should not uproot
students from their cultural roots (Parmiti et al.,
2021; Pujawan et al., 2022). For this reason, lear-
ning the acid-base concept in this study is comple-
mented by the local wisdom of the community in
the form of indigenous Balinese knowledge that
applies acid-base principles, such as the habit of
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eating betel (nginang), treatment of drug-addicted
patients using a concoction of starfruit and tama-
rind, treatment of wasp bites with kitchen vinegar,
treatment of bee stings with whiting, and others
(Suja, 2017; Rizaldi et al., 2021). Various previo-
us research results show that the integration of
culture or local wisdom into learning chemistry
(science) is proven to be able to increase learning
interest, scientific attitude, learning outcomes,
science process skills, student activity during the
learning process, empower students as preservers
of the nation’s culture, and develop student cha-
racter (Nuralita et al., 2020; Hikmawati et al.,
2021; Parmiti et al., 2021; Suciyati et al., 2021;
Mudjid et al, 2022; Yulianto et al., 2023; Rahma-
wati et al., 2023; Sunyono et al., 2023).

Concerning the problems above, this re-
search is conducted to describe and explain the
profiles of students’ mental models regarding
acid-base solutions, as well as differences in visu-
al literacy and chemical mental models between
students who learn using the T7ipleChem learning
model containing Balinese local wisdom and stu-
dents who learn using the Discovery Learning.
Teachers can use the findings of this study to de-
velop appropriate learning models for improving
students’ visual literacy and chemistry mental
models.

METHODS

The population of this study was 206 ju-
nior high school students with Balinese cultural
backgrounds with various beliefs (religions), na-
mely Hindus, Muslims, and Christians. Cultural
content will cause learning to be more contextu-
al, more interesting, and bring students closer to
their own culture. The sampling was done using a
simple random sampling technique and obtained
two sample classes: the experimental group and
the control group. The number of students in
each sample class was 34 people. The experimen-
tal class used the TripleChem learning model with
Balinese local wisdom. Learning by applying the
TripleChem learning model in the experimental
class consists of four stages. Stage 1 Observing,
to introduce the macroscopic level of chemistry.
At this stage, students observed chemical macros-
copic phenomena taken from local Balinese wis-
dom, such as the use of lime for betel nut (ngin-
ang) and the treatment of wasp bites with kitchen
vinegar. Learning had been done by observing
videos about nginang, and direct observation of
the properties of lime, lime solution, and vinegar
as examples of acid-base solutions. Stage 2 Rea-
soning, to introduce the submicroscopic level. At
this stage, students discussed in their groups why
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a lime solution is alkaline, whereas vinegar is aci-
dic. The discussion was directed so that students
built their arguments based on the types of dis-
solved compound particles and their presence in
the solution. Stage 3 Modeling, to introduce the
symbolic level. At this stage, the student group
visualized the particles of the acid-base solution
in the form of an image or molecular model and
wrote down the complete chemical formula with
the ionization/dissociation reaction of the par-
ticles of the acid-base compound in water. Stage
4 Explanation, to build a complete mental model
of chemistry. At this stage, students reported the
results of their group discussions in class discus-
sions, followed by observing a video about acid-
base solutions, which displays the macroscopic
properties of compounds and acid-base solutions,
the particles that make up acid-base compounds,
and the ionization/dissociation processes that
experienced when dissolved in water. The video
was also equipped with ionization/dissociation
reaction equations. At the final stage of expla-
nation, students explored various acidic or basic
compounds used in their daily life and those in
the laboratory. In contrast, the control class was
taught using the Discovery Learning model com-
monly applied at the school. This research was
designed with a quantitative approach and clas-
sified as quasi-experimental research (Fraenkel &
Wallen, 2006; Palys & Atchison, 2014; Creswell
& Creswell, 2017). The research design used was
a pretest-posttest non-equivalent control group
design, as shown in Table 1. Before learning, the
two groups were given a pretest. Furthermore,
the experimental group was given a learning tre-
atment using the TripleChem learning model con-
taining Balinese local wisdom, while the control
group was taught using the Discovery Learning
model. After learning, both groups were given a
posttest.

Table 1. Research Design

Group Pretest Treatment Posttest
Experiment O, X 0,
Control @) Y O

3 4

The dependent variable in this study was
students’ visual literacy and mental models of
chemistry about acid-base solutions. Each data
was collected using a visual literacy test (10
items; item validity 0.520 — 0.893; test reliability
coefficient 0.895) and a chemical mental model
test (8 items; item validity 0.669 — 0.878; test re-
liability coefficient 0.922). The following shows
an example of each question used to measure
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students’ visual literacy and mental models. Item
about visual literacy: “One water molecule is
formed by two hydrogen atoms and one oxygen
atom. If the hydrogen atom is represented by a
small black ball, and the oxygen atom by a white
ball that is larger in size, draw the visual shape of
the water molecule. The position of the two hyd-
rogen atoms is about 104° to one another.” Item
about chemical mental models: “Andi was given
the task of determining the nature of the soluti-
on the teacher had prepared. Two solutions are

Table 2. Research Instruments
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available, each containing a solution labeled am-
monia (NH,) and hydrogen formate (HCOOH).
(a) Which of the two solutions can change the co-
lor of red litmus paper to blue? (b) Explain what
causes a solution to change the color of red lit-
mus paper to blue? (c) Write the ionization reac-
tion of this compound in the water!” The three
questions above successively measure students’
understanding at the macroscopic, submicros-
copic, and symbolic levels. The test outlines used
for data collection are shown in Table 2.

Variable Dimension/Indicator Number of Items
Items

Visual Literacy  Visual thinking 3 1,2,3
Visual difference 2 4,5
Visual association 2 6,7

Reconstruction of meaning 3 8,9,10
Mental Models  Describe the properties of an acid-based solution 2 1,2
Analyze acid-base solutions 2 3,4
Identify a neutralization reaction 2 5,6
Identify the properties of salt solutions 2 7,8

’

Data analysis was carried out descripti-
vely related to the student’s mental model profile,
general description of the research results, and
multivariate analysis of covariance MANCOVA)
for hypothesis testing. The profile of the student’s
chemistry mental model was identified based on
the student’s ability to connect the three levels of
chemistry. Students’ answers to each item were
grouped into an answer and no answer (No Res-
ponse). Only students who give answers could
determine their mental model. Students’ mental
models were generally grouped into conceptual
and alternative mental models. The conceptual
model was owned by students who show a cor-
rect (scientifically correct) understanding of the
three chemical levels. Alternative mental models
were divided into partially correct and specific
misconceptions mental models. Partially correct
mental models were characterized by incomplete
mastery of all three chemistry levels, but one or
both were correctly understood. Finally, mental
models of special misconceptions occur if stu-
dents do not understand the three chemistry le-
vels (Sendur et al, 2010).

RESULTS AND DISCUSSION

The purposes of data analysis describe the
results of the research data. This action aims to

provide an overview of the distribution of data.
The research data includes 1) a profile descrip-
tion of the chemical mental model, 2) a general
description of the research results, 3) an analysis
prerequisite test, and 4) hypothesis testing.

The data for this study are obtained from
each group’s pretest and posttest scores, including
visual literacy scores and chemical mental model
scores. Before learning, the two groups of stu-
dents have been assigned to study the acid-base
solution material. The pretest was given before
the learning process, then different treatments
between the experimental and control groups,
and finally given the posttest. Thus, the pretest
results show student learning outcomes indepen-
dently before class; meanwhile, the posttest re-
sults show the impact of the instructional imple-
mentation of learning in the experimental and
control classes.

In this study, the covariate variable is stu-
dents’ mental models of chemistry about the
concept of acid, base, and salt solutions before
learning. Students’ mental models are built from
their understanding of the three chemical levels
related to acid, base, and salt solutions before and
after learning, as shown in Table 3.

The data in Table 3 shows the percentage
of students’ understanding achieved for each level
of chemistry (ideal value for each level = 100%).
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Table 3. Understanding of Three Levels of Chemistry
. Experimental Group Control Group
Chemical Levels
Pretest (%) Posttest (%) Pretest (%) Posttest (%)
Macroscopic 79.41 98.90 85.66 90.81
Submicroscopic 8.82 46.32 0.92 16.54
Symbolic 29.96 76.29 44.12 63.60

The data shows that students’ understan-
ding of the macroscopic level of chemistry before
learning has reached the minimum completeness
criteria (MCC) for science subjects of 60. With
independent study, students can understand the
macroscopic level of chemistry through books or
other learning resources. On the other hand, stu-
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dents’ understanding of the submicroscopic level
of chemistry is classified as very low, the lowest
compared to understanding the other two che-
mistry levels. Visually, students’ understanding
of the three chemistry levels in the experimental
and control group is shown in Figure 1.

90,81
B5,66
76,29
63,60
4412
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Figure 1. Comparison of Understanding of Three Levels of Chemistry

The data in Figure 1 shows that students’
understanding of the submicroscopic level be-
fore and after learning is lower than that of the
other two chemical levels. The data in Figure 1
also shows an increase in understanding at the
submicroscopic level in the experimental class
(taught with the T7ipleChem model) higher than

Table 4. Profile of Students’ Mental Models

in the control class (taught with the Discovery
Learning model).

Profiles of students’ mental models of
acid, base, and salt solutions, between before and
after learning in the experimental group and the
control group are shown in Table 4.

Experiment Group

Control Group

Types of Mental Models
Pretest (%) Posttest (%) Pretest (%) Posttest (%)
Scientifically Correct 7.72 50.74 1.84 26.10
Partially Correct 71.69 47.06 82.72 67.65
Specific Misconceptions 15.07 0.74 9.91 4.78
No Response 5.51 1.47 4.78 2.94
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The data in Table 4 shows that most stu-
dents’ mental models of chemistry before learn-
ing are classified as correct mental models, partly
contributed by their understanding of the macro-
scopic level of chemistry. The proportion of spe-
cific misconceptions about mental models before
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learning in the experimental and control groups
is higher than in the conceptual models. Visually,
students’ mental models of acid, base, and salt
solutions in the experimental and control groups
are shown in Figure 2.

82,72

66,18

26,10
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© 204
[ |

Pretest Posttest
Control Group

Specific Misconceptions m Mo Response

Figure 2. Comparison of Chemical Mental Model Profiles

The data in Figure 2 above shows a very
large increase in the proportion of conceptual
models and a sharper decrease in the proporti-
on of specific misconception mental models in
the experimental group compared to the control
group. The data shows that the TripleChem lear-
ning model containing Balinese local wisdom is
more effective to be applied in chemistry learning

than the Discovery Learning model for building
students’ mental models about acid-base solu-
tions.

The results of this study include the pretest
and posttest values of visual literacy and mental
models in the experimental and control groups,
as shown in Table 5.

Table 5. Descriptive Analysis Results of Data in Experimental and Control Groups

Experimental Group

Control Group

Descriptive Statistics

Visual Literacy = Mental Model Visual Literacy Mental Model

A. Pretest

N 34 34 34 34
Mean 37.91 31.25 40.26 35.15
Max. score 50 52.50 64 57.50
Min. score 26 7.50 27 12.50
SD 5.69 9.03 6.91 8.94
B. Posttest

N 34 34 34 34
Mean 68.35 68.60 58.38 50.22
Max. score 86 92.50 76 72.50
Min. score 45 37.50 34 25.00
SD 9.19 11.94 8.97 14.60
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The data in Table 5 shows that the avera-
ge value of visual literacy and mental models of
students in the experimental and control groups
is less than 60, where the minimum completeness
criteria (MCC) for science in the school is 60. Af-
ter learning, the average value of visual literacy
and mental models in the experimental group is
over 60 each, whereas in the control group, less
than 60. The data shows that the TripleChem lear-
ning model is better to be applied to improve stu-
dents’ visual literacy and mental chemistry than
the Discovery Learning model.

The results of the prerequisite test analy-
sis show the following data. First, the normality
test results with Kolmogorov-Smirnov show that
the visual literacy data and mental models of
students in the experimental and control groups
each show sig. (0.200) > 0.05. Thus, all data is
normally distributed. Second, the homogeneity
of variance test with Levene’s test on data on the
results of the visual literacy pretest, visual literacy
posttest, and mental model posttest for the expe-
rimental and control groups, respectively, shows
sig (0.466; 0.988; and 0.540) > 0.05. The data
shows that all data to be analyzed is classified as

Table 6. Analysis Results of Multivariate Test®
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homogeneous. The mental model pretest results
are used as a covariate variable in this case. Third,
the homogeneity test of the variance-covariance
matrix with Box’s equality test of covariance
matrices shows a sig. (0.091) > 0.05. This value
indicates the observed covariance matrices of
the dependent variables are equal across groups.
Fourth, the results of the Pearson correlation test
show the correlation coefficient values of the vi-
sual literacy pretest and posttest (r = 0.079), vi-
sual literacy pretest and mental model posttest (r
= (0.524), and visual literacy posttest and mental
model posttest (r = 0.426) <0, 80. It can be con-
cluded that there is no significant correlation bet-
ween visual literacy and mental models.

The results of the MANCOVA tes analy-
sis show a significance value of 0.000 (Sig <0.05)
for Pillai’s Trace, Wiks’ Lambda, Hotelling’s Tra-
ce, and Roy’s Largest Root. This value indicates
a simultaneous difference in visual literacy and
mental model between students who use the T7ip-
leChem Learning Model with Balinese local wis-
dom and Discovery Learning Model. The analy-
sis results of the multivariate test are presented in
Table 6.

Effect Value F Hypothesis df Error df Sig.
Intercept Pilla’s Trace 0.861 129.865° 3.000 63.000 0.000
Wilks’ Lambda 0.139 129.865° 3.000 63.000 0.000
Hotelling’s Trace 6.184 129.865° 3.000 63.000 0.000
Roy’s Largest Root 6.184 129.865° 3.000 63.000 0.000
Pretest Pilla’s Trace 0.930 277.580° 3.000 63.000 0.000
Mental Wilks’ Lambda 0.070 277.580° 3.000 63.000 0.000
Model Hotelling’s Trace 13.218 277.580° 3.000 63.000 0.000
Roy’s Largest Root 13.218 277.580° 3.000 63.000 0.000
Teaching Pilla’s Trace 0.937 312.163° 3.000 63.000 0.000
Learning Wilks’ Lambda 0.063 312.163° 3.000 63.000 0.000
Model Hotelling’s Trace 14.865 312.163° 3.000 63.000 0.000
Roy’s Largest Root 14.865 312.163° 3.000 63.000 0.000

a. Design: Intercept + Pretest Mental Model + Teaching and Learning Model

b. Exact statistic

The effect of each learning model on stu-
dents’ visual literacy and chemical mental mo-
dels about acid-base solutions is tested with the
Test of Between-Subjects Effects. The analysis
results show a sig 0.000 (Sig < 0.05) for visual
literacy and mental model variables separately.
Thus, it can be concluded: (1) there is a signifi-
cant difference in effect between the TripleChem

learning model containing Balinese local wisdom
and the Discovery Learning model on visual li-
teracy scores, and (2) there is a significant diffe-
rence in effect between the T7ipleChem learning
model containing Balinese local wisdom and the
Discovery Learning model on the value of stu-
dents’ mental models.
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The results of this study show that the T7ip-
leChem model is more effective to be applied to
build conceptual models (scientifically correct)
and reduce misconceptions about acid-based
solution materials than the Discovery Learning
model. In learning with the discovery model, the
submicroscopic level is not emphasized. As a re-
sult, students tend only to remember the macros-
copic and symbolic levels of chemistry, which
leads them to form alternative mental models
(partially correct or misconceptions). The for-
mation of correct mental models is partly cont-
ributed by students’ lack of understanding of the
submicroscopic level of chemistry. In addition,
the stages of TripleChem learning are sequential-
ly and systematically directed to build students’
mental models starting from getting to know the
macroscopic level at the observing stage, under-
standing the submicroscopic level at the reaso-
ning stage, visualizing the structure and chemical
formulas of compounds at the modeling stage,
and building a complete chemical mental model
at the explaining stage.

Studying chemical concepts, including
acid-base solutions, should be done in stages, le-
vel by level (Tasker & Dalton, 2006; Suja, 2018a).
Learning chemistry without emphasizing the
submicroscopic level (including ions, molecules,
atoms, and sub-elementary particles measuring
10 — 10'°m) has not entered learning chemistry’s
core. Students who have not been conditioned to
investigate the sorts and structures of matter par-
ticles tend to memorize chemical formulas but
have no idea what they imply and use them to
give scientific explanations for the chemical pro-
cesses they are investigating. These conditions
gave alternative mental models in the minds of
students (Redhana et al., 2020; Putri & Wiyar-
si, 2022). This condition does not only occur in
high schools but also tertiary institutions (Suja,
2015; Lathifa et al., 2020; Suja et al., 2021). The-
se data show that alternative mental models can
be formed in chemistry learning if learning does
not involve exposure to the three chemical levels,
especially the submicroscopic level.

The findings of this study indicate that stu-
dents who experience misconceptions need to un-
derstand the process of ionization and dissociati-
on in solution as a determinant of the solution’s
acidic, basic, and neutral properties. Students only
guess the solution’s nature based on the dissolved
compound’s molecular formula. The hydrogen
formic compound (HCOOH) is predicted to be
basic because it contains -OH groups, while am-
monia (NH,) is stated to be acidic because it con-
tains a hydrogen atom (H). This study’s findings
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align with the results of other studies showing
that students who do not understand changes in
molecular structure in the dissolving process of
compounds tend to guess the properties of com-
pounds based on the presence of H atoms or OH
groups in these compounds. The same findings
are conveyed by Kelly and Akaygun (2016), Putri
and Wiyarsi (2022), and Suja (2018b), who re-
port that students tend to “guess” the nature of
compounds from their molecular formulas. Any
compound that contains the -OH group is consi-
dered basic, while those containing H atoms are
considered acidic.

The advantage of the TripleChem learning
model is to improve students’ visual literacy and
mental models of chemical concepts because
the learning syntax is by the steps to gradually
build students’ visual literacy and mental models
of chemistry. Previous researchers state that the
chemical mental model of interconnection bet-
ween chemical levels is built gradually because
students’ working memory often could not hand-
le all three chemical levels simultaneously (Levy
& Wilensky, 2009; Kelly, 2016). The suitability
of the syntax of the TripleChemn model with vi-
sual literacy and chemistry mental models about
acid-base solutions can be described as follows.
First, the observing stage forms students’ mental
models about the macroscopic level of acid-base
solutions, such as changes in the color of litmus
paper, the color of natural indicator solutions,
and the taste of the identified ingredients. The
observing stage also plays a role in differentia-
ting visual stimuli from acidic, basic, and neut-
ral solutions. Second, the reasoning stage aims
to form students’ mental models about the sub-
microscopic level of chemistry, namely the ty-
pes of particles that make up an acid, base, and
salt solution as a determinant of the properties
of the solution. At the reasoning stage, students
build molecular arguments about the macros-
copic properties of chemistry and build visual
associations. Third, the modeling stage aims to
understand the symbolic level of chemistry by
visualizing the particle structure of solutions of
acids, bases, and salts in the form of ions or po-
lar molecules. Considering that understanding
the particle structure of matter, complete with its
ionization and dissociation reactions, is used as
the basis for explaining and predicting the pro-
perties of solutions, the modeling stage is the core
of learning acid-base solutions (Drechsler & Van
Driel, 2008; Kelly, 2014). The modeling stage is
also a vehicle for training students to think visual-
ly, involving skills in using symbols and chemical
formulas and communicating data with graphs,
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tables, and chemical symbols (Kaberman & Dori,
2009; Avargil et al., 2012). The modeling stage
also helps students understand abstract concepts
and makes storing information in their long-term
memory easier. Fourth, the explaining stage aims
to build students’ mental models of chemistry by
involving the interconnection of three chemistry
levels. At the explaining stage, students also prac-
tice reconstructing the meaning of visual messa-
ges that enter into long-term memory to complete
the mental model that is already in the students’
minds.

The findings of this study indicate that
the understanding of the submicroscopic level is
the lowest compared to the other two chemical
levels, which will contribute to the formation of
alternative mental models. The application of the
TripleChem learning model, in its learning syntax,
is supported by visualization models of substan-
ce particles in solution. This treatment makes
abstract chemical material easier to understand.
Students must be taught the skill of visualizing
material particles because this ability is not innate
but must be learned. Visualizing the submicros-
copic level in learning with the TripleChem model
in this study is proven to increase visual literacy
and assist students in building their mental mo-
dels as a whole and scientifically correct. The
findings of this study conform to the findings of
other studies, which suggest that learning using
Macromedia Flash to visualize chemical le-
vels has an effect on the creation of 70% intact
mental models (conceptual models) in the ex-
perimental group and 37% in the control group
(Siregar & Kurniawati, 2022). Previous research
has demonstrated that using Macromedia Flash
and molecular representation can assist students
comprehend an abstract concept in chemistry
(Kelly et al., 2017; Farheen & Lewis, 2021; Kur-
niawati et al., 2021; Putri et al., 2022; Siregar &
Kurniawati, 2022). These findings are reinforced
by the results of other studies, which find that
spatial abilities are needed to build a complete
mental model of chemistry, especially to visuali-
ze the submicroscopic level of abstract chemistry.
The results of other studies show that mastery of
mental models and spatial abilities contribute po-
sitively to students’ chemistry learning outcomes
(Wildan et al., 2023).

The content of local wisdom in implemen-
ting the TripleChem model makes learning contex-
tual. Integrating Balinese local wisdom into te-
aching acid-base solutions makes learning more
interesting and meaningful because of its contri-
bution to the macroscopic level of chemistry and
its benefits to people’s lives. These findings are in
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line with the results of previous studies, which
conclude that the integration of culture and local
wisdom into learning chemistry concepts could
make learning more meaningful, improve critical
and creative thinking skills, increase scientific li-
teracy, and improve students’ scientific attitudes
(Atmojo et al., 2018; Dewi et al., 2019; Parmin
& Fibriana, 2019; Rahmawati et al., 2019; Nu-
ralita, 2020; Sumarni & Kadarwati, 2020; Wida-
yanti, 2020; Hikmawati et al., 2021; Suciyati et
al., 2021).
CONCLUSION

The profile of students’ mental models
about acid-base solutions taught with the 77ip-
leChem learning model containing local wisdom
is better than the Discovery Learning model. The
increase in the percentage of conceptual models
(scientifically correct) and the decrease in specific
misconceptions as a result of applying the Trip-
leChem learning model is stronger than Discove-
ry Learning. On the other hand, students’ visual
literacy and mental models after learning with
the TripleChem model are better than Discovery
Learning. Thus, the TripleChem learning model is
more effective to be applied to improve students’
visual literacy and mental models than Discovery
Learning. To support the application of the Trip-
leChem learning model, it is necessary to provide
chemical laboratory facilities (tools and materi-
als) to display chemical macroscopic phenomena
and animated media to explain these phenomena
at the level of matter particles (submicroscopic le-
vel). Understanding the submicroscopic level will
contribute positively to the formation of scientifi-
cally correct chemical mental models (conceptual
models). Further research should compare the ef-
fect of the TripleChem learning model with other
general learning models suggested for learning
science (chemistry), such as the problem-based
learning model and the project-based learning
model.
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