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ABSTRACT

Research on the Effectiveness of Concept Change Oriented Learning with Dual Situated Learning Model
(DSLM) Assisted by Multi Representations (MRs) to Improve Acid-Base Concept Understanding of High
School Students is a quantitative study which employs a quasi-experimental design with a non-equivalent
control group design pretest-posttest. The research subjects were 70 students of class XI pattern 5 SMAN 4
Malang for the academic year 2020/2021 which comprised two classes taken by cluster random sampling, one
class as the control class (34 students) and one class (36 students) as the experimental class. The research data
was collected using the acid-base concept understanding test instrument (TPKAB) which comprised 25 items
(17 items for two-tier questions and 8 items for multiple choice). The research hypothesis was examined
through the ANCOVA test assisted by the SPSS 21.0 for windows program with a significance level of = 0.05.
The results demonstrated the increase in the average value of the experimental class was higher than the
increase in the average score of the control class after learning acid-base material. Meanwhile, the results of the
delay-test demonstrated the PK-DSLM-MRs were effective in maintaining the retention of students' conceptual
understanding on acid-base material. PK-DSLM-MRs gave the strongest influence on the group concept of
acid-base strength. The number of misconceptions and students who experience misconceptions in the control
class is more than the number of misconceptions and students who experience misconceptions in the
experimental class.
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INTRODUCTION

Acid-base constitutes one of the topics in
high school chemistry subjects which discusses
several subtopics, including the concept of
acid-base characteristics, development of acid-
base theory, strength of acid-base and
neutralization reactions. In studying acid-base
material, students are required to master other
concepts such as the concept of chemical
equilibrium, chemical reactions, stoichiometry,
the nature of matter and solutions (Artedj, et al,
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2010; Sesen & Tarhan, 2011). Understanding the
concept of acid and base also involves the
ability to translate concepts at (1) the
macroscopic  level including  observed
properties, (2) the sub-microscopic level which
includes an understanding of atoms, molecules
and ions, and (3) concepts at the symbolic level
which include understanding of the use of
symbols, formulas, equations and graphs
(Johnstone, 2006).
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As an example of the concept of acid
strength, students are required to be able to
translate the difference in dissociation ability
between strong and weak acids by observing
the flame of a lamp when conducting an
electrolyte test (macroscopic), then explaining
the difference in the dissociation ability of the
two compounds (sub-microscopic), and the
equation for the reaction. dissociation with the
use of appropriate (symbolic) arrows. The
complexity of the scope of concepts in acid-base
material can lead to misconceptions in
students. The term misconception is frequently
used in various studies (Roth, 1986; Nakhleh,
1992; Muchtar & Harizal, 2012; Demircioglu, et
al, 2005).

Several previous studies reported that
students experienced plenty of misconceptions
on some basic concepts of acid-base material
(Muchtar & Harizal, 2012, Demircioglu, 2009;
Metin, 2011; Demircioglu, et al, 2005; Artdej, et
al, 2010; Efendi, 2012). For example, students
consider all compounds that contain H atoms
in their chemical formulas to be acidic because
they are able to release H+ ions (Metin, 2011;
Demircioglu, et al, 2005, Muchtar & Harizal,
2012; Efendi, 2012). Another misconception is
that students assume that the pH value
indicates the strength of the acid (Sheppard,
2006; Demircioglu, 2009).

Due to the nature of misconceptions that
are difficult to eliminate (Yuruk, 2007;
Iskandar, 2011: 10), if not prevented, it will
rpovide a bad impact on students. Students will
establish a poor understanding of concepts and
raise the possibility of other misconceptions
(Nakhleh, 1992). Therefore, research related to
preventing misconceptions becomes more
important (Ozmen, 2007 & Demircioglu, 2009)
and becomes a more reasonable option (Duit in
Yang & Senocak, 2013).

To overcome misconceptions, experts
develop a theory of concept change based on
different perspectives (Treagust & Duit, 2009)
those are epistemological perspective, ontology
perspective and motivation. In its application
in the classroom, all criteria for concept change
must be reflected in the learning model
implemented. There are strategies and learning
models for concept change that have seriously
been developed by experts, one of which is the
Dual Situated Learning Model (DSLM) (She,
2002; Akpinar, 2007).

DSLM is a concept change learning
model that can be used to encourage concept
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change and correct misconceptions experienced
by students (She, 2002). DSLM has its own
advantages, the so-called learning activities
developed emphasizing on changing the
concept of a combination of the three
perspectives of changing the existing concept.
The three perspectives referred to are ontology,
epistemology and motivation perspectives
(Treagust & Duit, 2009).

Several previous studies have also
reported that DSLM is highly effective in
overcoming misconceptions experienced by
students, including on the material of air
pressure and buoyancy (She, 2002), thermal
expansions  (She, 2003) and solubility
equilibrium  (Sabekti, = 2014).  Research
conducted by Sabekti (2014) demonstrates that
DSLM has a positive potential to be applied to
prevent misconceptions of chemical topics that
students have the potential to experience
misconceptions such as acid-base material.

Based on the above background, several
problem formulations can be formulated as
follows: 1) Is there a difference in
understanding the concepts of students who
are taught with the PK-DSLM-MRs approach
and students who are taught with a
conventional approach on acid-base material?
2) Is the PK-DSLM-MRs approach effective in

maintaining the retention of students'
conceptual understanding on acid-base
material?

LITERATURE RIVIEW

Acid-base material constitutes one of the
materials in the high school chemistry
curriculum that is quite vital to be studied and
understood by students. Understanding the
concept of acid and base involves the ability to
translate concepts at (1) the macroscopic level
including observed properties, (2) the sub-
microscopic level which includes
understanding atoms, molecules and ions, and
(3) concepts at the symbolic level which
includes understanding about the use of
symbols, formulas, equations and graphs
(Johnstone, 2006).

Several previous studies reported that
students experienced many misconceptions on
some basic concepts of acid-base material
(Muchtar & Harizal, 2012, Demircioglu, 2009;
Metin, 2011; Demircioglu, et al, 2005; Artdej, et
al, 2010; Efendi, 2012). The tendency of students
to explain the acid-base properties of a species
with an acid-base theory is often found in
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several previous studies (Demircioglu, et al,
2005; Metin, 2011, Muchtar & Harizal, 2012;
Efendy 2012). Students assume that
compounds containing H atoms are acids while
those containing OH groups are bases. In fact,
not all compounds containing H atoms are
always acidic, for example NH3. The
emergence of this misconception indicates that
students are still confused in determining the
acid-base theory that should be used to
determine the acid-base properties of a
compound (Kousathana, 2005). This fact gives
rise to an indication that although acid-base
theory is taught in chronological order, the
differences between the three models and their
advantages and disadvantages are not
explained in detail (Artdej et al., 2010).
According to Iskandar (2011:10) in order to
change the concept, in the learning process
students must be faced with new concepts that
are inconsistent with their mental model to
cause cognitive conflicts that will make
students replace old concepts with new
concepts.

Dual Situated Learning Model (DSLM)
constitutes one of the learning models that is
usable to encourage conceptual change and
improve students' misconceptions (She, 2002).
This learning model is based on science
education learning theory and cognitive
psychology theory, the so-called Posner's
theory and Piaget's theory. This learning
emphasizes that learning starts from two
things, the so-called the ontology perspective of
students about a concept and scientific concepts
(She, 2002). The stages in the DSLM are as
follows: 1) Examining concept attributes and a
list of mental sets needed to build the correct
concept, 2) Investigating misconceptions in the
material studied, 3) Analyzing basic concepts
that are still poorly understood by students, 4)
Composing Dual Situated Learning event
(DSLE), 5) Learning using DSL event, 6)
Challenges with Challenging Situated Learning
Event (CSLE).

The concepts discussed in the acid-base
material are not only limited to visible concepts
(concrete concepts) but also discuss invisible
concepts, concepts that involve symbolic
representation. Characteristics of the abstract
and complex concept of acid-base causes acid-
base material to be potentially difficult to
understand. The use of multi-representation-
assisted DSLM can facilitate conceptual change
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in students. The DSLM stages are in accordance
with the four conditions of concept change
proposed by Posner et al (1982), the so-called
the existence of dissatisfied with students' old
concepts occurring in the first, second, and
third DSLE stages of DSLE, students' new
concepts meeting the criteria of intelligible,
plausible and fruitful occurring in DSLE the
fourth stage is the formation of a new mental set
(She, 2002). The sixth stage of the DSLM, the so-
called the provision of CLSE, will further
strengthen that the new concept obtained meets
the fruitful criteria.

Based on the description above, it can be
shown that the concept change approach using
a learning model that is able to facilitate the
occurrence of conceptual concept changes in
students such as multi-representation assisted
DSLM will be able to increase concept
understanding and maintain retention of
students' conceptual understanding on acid-
base material.

METHODS

This study employs a quasi-experimental
research design (Quasy Experimental Design)
to determine whether or not there are
differences in concept understanding between
students who are taught a concept change
approach with multi-representation-assisted
DSLM (PK-DSLM-MRs) and students who are
taught using a conventional approach to the
material of acid base. This research was carried
out in a class XI MIA Senior High School (SMA).
The population of this research is the students
of class XI MIA semester 3 SMAN 4 Malang, the
academic year 2020/2021. Two samples were
taken by means of cluster random sampling, so
that two classes were selected as samples, one
class as the experimental class and the other as
the control class.

RESULTS AND DISCUSSION

Students' score data is used as concept
understanding data and understanding retention
data with a value range of 1-100 are presented in
table 1. Understanding data obtained through
posttest with pretest as a reference to see the gain
score that shows the level of student
understanding. Retention data was obtained
through a delay test with posttest scores as a
reference to determine the retention level of
students' understanding of acid-base material.
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Table 1. Description of students' pretest, posttest and delay-test results

Activity Pretest Posttest Score Delay test Score
Class KE KK KE KK KE KK
Average 20,22 36,24 80,67 71,82 7841 66.71
Standard of Deviation 6,76 7,99 9,89 16,02 941 14,06

Description: KE is Experiment class; KK is a conventional class

Table 1 depicts that both classes experienced
an increase in average test scores from pretest to
posttest. The increase in the average value of the
experimental class and the control class,
respectively, was 60.45 and 35.58. Based on the
increase in the average test scores of the two classes,
the increase in the average score of the
experimental class was higher than the increase in
the average score of the control class after learning.

Meanwhile, the results of the delay test
showed that both classes experienced a decrease,
the so-called the experimental class decreased by
2.26 while the control class decreased by 5.11. Both
classes experienced a decrease, but the decrease in
the experimental class was smaller than the control
class, so it can be said that PK-DSLM-MRs

managed to maintain retention of students'
understanding,.
Meanwhile, the normality test and

homogeneity test were carried out on the three
data, which were pre-test, post-test and delay-test
data. The results of the normality and homogeneity
test of the pretest data showed that the distribution
of the data was normally distributed and had the
same or homogeneous variance. The results of the
normality and homogeneity test of the posttest data
and the delay test data show that the distribution of
the data is normally distributed but has unequal or
inhomogeneous variants.

Hypothesis test results
The results of statistical analysis using the
ANCOVA test depicted that there was a significant

difference between the average post-test scores of
the experimental class and the control class
(F=150.546; 0.00 <0.05). Based on the data fr-
om the ANCOVA test, it can be concluded that
there are differences in students' understanding of
concepts taught by PK-DSLM-MRs with those
taught by conventional approaches. Concept
understanding of students taught by PK-DSLM-
MRs is higher than students' understanding of
concepts taught by conventional approach.
Meanwhile, the results of the analysis using the
ANCOVA test showed that there was a significant
difference between the average value of the delay
test in the experimental class and the control class
(F=8,496, 0.005<0.05). This shows that there are
differences in understanding retention between
classes taught with PK-DSLM-MRs and
conventional approaches. The retention of
understanding of the experimental class is higher
than the retention of understanding of the control
class.

Further analysis was carried out on the
posttest scores of each class, the ANCOVA test was
used to determine which group of acid-base
concepts PK-DSLM-MRs had the strongest
influence on students' conceptual understanding
based on the category of concepts described in
chapter III. A summary of the comparison of the
posttest scores of ANCOVA results and the effect
size of each concept group with a range of 1-100 is
presented in table 2 below.

Table 2. Summary Table of ANCOVA Test and Effect Size of Concept Group

Posttest Score Average Effect
Nu  Concept Group  KE (n=36) KK (n=34) Feount of SD Size Category
M SD M SD
1 Characteristics of 7747 1868 6928 21,37 1,36 20,03 041 Medium
acidic and basic
solutions
2 Development of 6550 17,08 5637 1968 063 18,38 049 Medium
acid base theory
3 Acid base strength 93,06 1283 79,04 2748 586 20,16 0,70 Large*
4 Neutralization 100 0,0 9706 1715 117 8,58 0,34 Medium

Description: KE is Experiment class; KK is a conventional class
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Based on the results of the ANCOVA test for
each group of acid-base concepts, only the acid-
base concept group showed (F(0.05) = 20.16,
0.018<0.05). The results of the statistical analysis
showed that there was a significant effect of PK-
DSLM-MRs on students' conceptual
understanding in the acid-base concept group. The
calculation of the effect size value in the concept
group is 0.70, indicating that quantitatively the
difference in the average post-test value of the
experimental class and the control class is included
in the large category (Becker, 2000). The results of
the ANCOVA test for the other three concept
groups showed a significance level > 0.05 so it can
be said that statistically PK-DSLM-MRs did not
have a significant effect on students' conceptual
understanding in the acid-base characteristic
concept group, the acid-base theory development
concept group, the acid-base theory group dan
neutralization concept. Although statistically the
three concept groups were not influenced by the
PK-DSLM-MRs, quantitatively the difference in the
average posttest scores of the two classes in the
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three concept groups was in the medium category
(Becker, 2000). The results of the calculation of the
effect size values are 0.41, 0.49 and 0.34 respectively.

From the description of the calculation of effect size
in each group of concepts in the acid-base material,
it can be determined the order of strength of the
influence of PK-DSLM-MRs on students'
understanding of concepts. Sequentially from the
strongest are (1) the concept of acid-base strength
concept group, (2) the concept group for the
development of acid-base theory, (3) the concept
group for acid-base characteristics, and (4) the
neutralization concept group.

Based on the pattern of students' answers at
the time of the posttest as described in Chapter III,
identification of some conceptual errors must be
made to see the possibility that there are still
misconceptions in students after learning takes
place. Based on the pattern of answers, it was found
that in this study there were still errors in the
concept of acid-base both in the experimental and
control classes as presented in table 3.

Table 3. Percentage of Students' Misconceptions on Acid-Base Materials

. . Average (%)
Nu Misconception KE KK
1 Acid Base Theory
These compounds contain H atoms so they are acidic because they will be
. . . 0,00 3,00
able to produce H+ ions when dissolved in water
One acid-base theory can explain all acid-base reactions 0,00 0,00
2 Neutralization reaction
The reaction between a strong acid and a strong base will always produce 0,00
. . . . 0,00
a neutral solution even if the moles of acid and base are not equivalent
3 Acid Strength
The lower the pH value, the more acidic it is because pH affects the strength
. 3,00 3,00
of the acid
The lower the pH value, the stronger the acid because pH indicates the
. o . 0,00 6,00
concentration of H+ ions in the solution
4 ThePower of Language
The strength of the base is directly proportional to the magnitude of the pH 0.00 3.00
value. The higher the pH value, the more alkaline the solution is ’ ’
5. Polyprotic acid base strength
The more H atoms in the formula of an acid, the stronger the acid will be 0,00 0,00
6 Characteristics of acidic solutions and basic solutions
Only acids are dangerous because they contain H+ which are destructive, 000 6.00
while bases are harmless ’ ’
Acids contain H atoms and can release H+ ions which are destructive 0,00 0,00
7. Acid solution and alkaline solution as electrolyte solution
Strong bases conduct electricity because they have stronger covalent bonds
14,00 26,00
than weak bases
Average 2,00 5,00

Description: KE is Experiment class; KK is a conventional class

Referring to the formulation of the problem
that has been described previously, the main

purpose of this study is to test whether there are
differences in understanding the concepts of
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students who are taught by PK-DSLM-MRs and
students who are taught by conventional
approaches to acid-base material. The comparison
of the posttest mean scores showed that the
experimental class students scored higher than the
control class students.

There are differences in understanding of
the concepts of students who are taught by PK-
DSLM-MRs and students who are taught by
conventional approaches to acid-base material
which is caused by several things. First, PK-
DSLM-MRs are specifically designed by
considering the possibility of students'
misconceptions on acid-base material while the
conventional approach does not consider this.
Second, the PK-DSLM-MRs used in the
experimental class provide opportunities for
students to be more actively involved during the
learning process with the aid of worksheets
designed by researchers to facilitate concept
changes to the formation of new concepts.

This is another advantage of the PK-
DSLM-MRs learning, at the end of the meeting on
the strength of acid-base material in
understanding  students' understanding of
challenges at the CSLE stage to follow up the
understanding of the concepts that have been
obtained. If in CSLE activities there are still
students who have not changed their concepts, the
teacher can provide reinforcement again at the
next meeting. In conventional classes, students are
not taught by learning that causes cognitive
conflict. If there are practical activities in the
experimental class, the control class also carries
out practical activities. The practicum in the
control class is verification and does not cause
cognitive conflicts.

The results of this study strengthen the
results of previous studies which reported that
DSLM as a learning model that can support
concept change so as to improve students'
conceptual understanding (Akpinar, 2007,
Sabekti, 2014, She, 2002; 2003; 2004; She & Liao,
2009). Furthermore, the results of this study show
the same results as the results of studies that have
been reported in the literature that the use of
multi-representation integrated in DSLM in
concept change can improve students'
understanding (Sabekti, 2014). This study shows
that the concept change approach is effective in
improving students' understanding. This is in line
with the results of research conducted by Ozmen
(2007) that the concept change approach is
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effective in increasing students' understanding of
concepts.
CONCLUSION

Based on the results of data analysis, the
findings and discussions that have been carried
out, it can be concluded that; 1) There are
differences in students' understanding of concepts
taught by the PK-DSLM-MRs approach and
students who are taught by conventional
approaches to acid-base material. 2) PK-DSLM-
MRs are effective in increasing students'
understanding of concepts on acid-base material.
3) PK-DSLM-MRs are effective in maintaining the
retention of students' conceptual understanding
on acid-base material. 4) The quantity of students'
misconceptions after learning with PK-DSLM-
MRs on acid-base material is lower than students
taught by conventional learning. 5) PK-DSLM-
MRs gave the strongest influence on the group
concept of acid-base strength. Then the concept
group for the development of acid-base theory,
the concept group for acid-base characteristics and
the last sequence is the neutralization reaction
concept group.
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