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Abstract

The current study describes how the guided-discovery-learning model impacts students' conceptual
understanding (SCU) and students’ critical thinking skills (SCTS) on the topic of solubility. The quasi-
experimental research with a posttest-only nonequivalent control group design was used in this study.
The experimental group (45 students) and the control group (47 students) were selected by the
saturated sampling technique. Data on SCU was collected using an objective true false test instrument
with correction/proofing, while data on critical thinking skills was collected using an essay test
instrument. The research data were analyzed descriptively and statistically (Mann-Whitney U). The
research found the SCU (mean= 81.51 vs. mean= 72.81) and SCTS (mean= 70.46 vs. mean= 58.43) in
the experimental group was better than the control group, both descriptively and statistically (p <
0.05). These findings indicate that the guided-discovery-learning model significantly impacted SCU
and SCTS on the solubility topic.
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INTRODUCTION

Teaching scientific thinking skills has become a challenge in recent years
(Schmaltz et al., 2017). Some students tend to trust intuition and subjectivity rather
than objective scientific findings (Lilienfeld et al., 2012). This condition reflects a low
of students’ science conceptual understanding (Lay & Osman, 2018), so that it is
essential to improve it (Bisson et al., 2016). Conceptual understanding is defined as
understanding the main principles and the relationship between these principles
(O’'Dwyer et al., 2015), which is indispensable in understanding science (Freire et al.,
2019). It can be developed through learning process-oriented towards providing
explicit conceptual problems (Crooks & Alibali, 2014) to allow students to solve
problems and discuss related concepts studied (Hiebert & Grouws, 2007). Science and
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science learning generally involves (1) procedural knowledge related to applied laws,
principles, and equations (Bisson et al., 2016), (2) conceptual knowledge related to
conceptual understanding, relationships, and principles contained in science (Rittle-
Johnson et al., 2015), and (3) conditional knowledge related to the ability to choose the
knowledge that is relevant to the situation or problem faced (Mubhali et al., 2019).
Conceptual understanding in Bloom's taxonomy is defined as the ability to make
connections between knowledge possessed and operate that it together (Anderson &
Krathwohl, 2001) and is believed to be an essential component in achieving student
science learning outcomes, including in chemistry learning (Holme et al., 2015).

Chemistry learning requires three representation types: macroscopic,
microscopic, and symbolic (Treagust et al., 2003). Therefore, chemistry learning is
difficult because it includes a breadth of dimensions, such as epistemological,
ontological, methodological, and axiological (Ribeiro & Pereira, 2013). In addition,
chemistry learning, which is considered irrelevant and uninteresting (Aikenhead,
2003), is also caused students to not interested in it. It was further explained that
chemistry studies concrete and abstract things in one unit, causing some students to
struggle with chemistry learning (Adnyana, 2012). The difficulty of learning chemistry
mainly lies in understanding the submicroscopic aspects in explaining macroscopic
phenomena and chemical symbols (Sudria et al., 2011). In line with this statement, the
results of other studies show that students often have difficulty in microscopic
material such as ionic covalent compounds, polar and non-polar compounds, ionic
and molecular reactions, and oxidation number (Tsaparlis, 2018). These materials
emphasize students to think abstractly (Lay & Osman, 2018).

One of the chemistry materials studied by high school students is solubility and
solubility products. Solubility and solubility products are some of the materials in
abstract chemistry learning. This material is also filled with chemical formulas and
reactions. It requires understanding all aspects, especially the microscopic and
symbolic aspects, to make it easier to understand. Solubility and solubility products
are always focused on microscopic aspects, such as the decomposition of compounds
into ions, calculating the pH of a solution, and estimating the formation of precipitates
based on solubility products quantitatively. In addition, to understand the concepts
in the material solubility and solubility product, students must understand the basic
concepts related to concentration, reaction equations, chemical equilibrium, solutes,
and solvents so as not to experience difficulties in learning these materials.

In addition to the emphasis on conceptual understanding, 21st-century
chemistry learning emphasizes aspects of critical thinking skills (Andayani et al., 2020;
Mubhali, 2019) that are claimed to be one of the main competencies in learning (T. A.
Thomas, 2011; Zivkovil:, 2016). Critical thinking is reflective thinking that focuses on
deciding what to do or believe (Ennis, 2018). It was further explained that critical
thinking is an intellectual discipline process that actively and skillfully conceptualizes,
applies, analyzes, synthesizes, and evaluates information from observations,
experiences, reflections, reasoning, or communication to guide beliefs and actions
(Scriven & Paul, 1987). The consensus results conducted by Facione (1990) concluded
that critical thinking skills have six cognitive indicators, namely interpretation,
analysis, inference, evaluation, explanation, and self-regulation. The importance of
critical thinking skills as an academic output competency can be seen from the
demands of school curricula in various countries (Arsal, 2017, NCATE, 2008),
including Indonesia (Kemendikbud, 2018). However, students' SCTS (SCTS) tend to
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be low categorized (Arsal, 2017; Demirhan & Kokliikaya, 2014; Fitriani et al., 2019).
The low of SCTS in chemistry learning often stem from difficulties in understanding
terms, concepts, and the application of formulas (Muhali, 2021). The learning process
that emphasizes problem-solving and increasing motivation by involving science
process skills is essential to improve SCTS (Kwan & Wong, 2015; Thaiposri &
Wannapiroon, 2015). One of the learning activities with the characteristics described
and highly recommended for students' scientific literacy development (National
Research Council, 2012) is inquiry-based learning (Arends, 2012; Preston et al., 2015;
U. Sari & Gtiven, 2013).

Guided discovery learning (GDL) is a learning model related to inquiry-based,
problem-based, and constructivist learning (GrofSimann & Wilde, 2019; Lee & Yeung,
2021). The GDL model that guides students in the learning process is helpful for
students with low learning outcomes (Kalyuga, 2013). The GDL model is defined as
learning activities that systematically, critically, and logically find knowledge,
attitudes, and skills independently (Janssen et al., 2014). The GDL model in this study
has five stages, namely (1) simulation in the form of giving problems (Hmelo-Silver et
al., 2007), which encourages students to think critically and read literature to find
relevant knowledge to solve the problems given, (2) encourage students to identify
problem-solving strategies based on information that has been learned from the
literature (Arends, 2012; Hoy, 2013) to formulate problems and hypotheses, (3)
conduct experiments (Eggen & Kauchak, 2012), (4) evaluate students' conceptual
understanding (SCU) by giving questions/related problems (Asy’ari, Ikhsan, et al.,
2019; Muhali et al., 2019; Prayogi et al., 2018), and (5) draw conclusions regarding
problem-solving based on data and information obtained during the discovery
process (Arends, 2012; Asy’ari, Hidayat, et al., 2019; Muhali et al., 2019).

The results of previous studies have found a positive impact of the GDL model
on SCU (Ayodele & Nasiru, 2021; Muliyani, 2018; Shamsuddeen & Amina, 2016) and
SCTS (Suparini et al., 2020; Yuliani & Saragih, 2015). However, no research has been
found regarding the impact of the GDL model on SCU and SCTS in chemistry learning
with solubility and solubility product subject matters. Based on the description, this
study aimed to describe the effect of the GDL model on SCU and SCTS on solubility
and solubility product subject matters. Conceptual understanding in this study is the
students' ability to interpret and reconstruct their knowledge (Anderson &
Krathwohl, 2001). While critical thinking skills are students' cognitive abilities to
analyze problems, make inferences, evaluate, and explain in detail (Ennis, 2011, 2018;
Facione, 2020; Gelder, 2005) to solve problems based on the reflection of the learning
activities carried out.

METHOD

This current study used a quasi-experimental with post-test-only control group
design (Table 1) (Fraenkel et al., 2012). This study was conducted at one of the public
senior high schools in Mataram City, Indonesia, with 92 students selected according
to saturated sampling. The experimental and control groups were determined using
the cluster random sampling technique. The experimental group (45 students) was
taught using the GDL model (X), while the control group (47 students) was taught
using expository learning (-). Observations were made after the learning was carried
out (01 and 02).
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Table 1. The research design of posttest only control group design

Group Treatment Obsevation
Experimental X 01
Control - 02

Data on SCU and SCTS were collected using test instruments. The conceptual
understanding test instrument is a true-false objective test with ten items of correction
and proof. Students are asked to choose the True (T) of False (F) option on the conceptual
understanding test instrument. If the students choosed T, they were then asked to prove
the choice or statement. In contrast, if the students choosed F, they were then asked to
correct the statement in the conceptual understanding test instrument item given. In
contrast to the conceptual understanding test instrument, the SCTS test instrument in the
form of a description of five items has been adjusted to the critical thinking skills indicator

in this study (examples of the instrument items used in this study are presented in Table
2).

Table 2. Conceptual understanding and critical thinking skills instruments

Items Indicators

Conceptual understanding instruments

T-F: It is known that the solubility product (Ksp) of the Make interpretations and
compounds AgCl= 1010, AgoCrO4 = 1012, Agl = 10-16, reconstruct problem-
Ag2S = 104. Among these compounds, the most difficult solving by identifying,

to dissolve in water is Ag2S. classifying, and applying
facts, concepts, principles,
T-F: If 20 ml of 0.01 M AgNO3 0.01 M solution is mixed and procedures,

with 80 ml of 0.02 M KoCrO4 0.02 M, (Ksp Ag2CrOs = 2.4 x
10-12). Then in the mixing Ag2CrOs precipitate formed
because [Ag*]? [CrO42] > Ksp Ag2CrOs (6.4 x 108 > 2.4 x
1012).

T-F: A total of 4.35 mg Ag2CrOs can be dissolved in 100
ml of water. Then the solubility of Ag2CrO4 in mol L1 is
2.31 x 104 mol L1 where Ar O = 16; Cr = 52; Ag = 108.

Critical thinking skills instruments

A beaker containing 100 ml of a saturated solution of Perform analysis,
magnesium fluoride (MgF2) at a temperature of 18 °C is inference, evaluation, and
evaporated, and 7.6 mg of solid MgF2 is obtained. Whatis explanation in detail.

the solubility product of MgF2 at 18 °C? (Ar Mg = 24; F=

18) and explain how the effect of temperature on the

determination of the solubility product?

Suppose the determination of the solubility product of
AgCl= 101 in a CaClz solution with a concentration of 0.1
M, the solubility of AgCl in a CaClz solution is 5 x 10-1°
Molar. Do you agree with the statement below? Why?
Explain your answer with calculations!
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Items Indicators

The solubility product constant for magnesium hydroxide
(Mg(OH)2) is 2 x 1012 If the pH of a solution of
magnesium chloride (MgCl,) with a concentration of 2x
104 M is increased, at what pH will precipitate begin to
occur? What happens to the increase in pH due to the
addition of the base? Explain!

The employed test instrument was validated by two validators (doctoral
qualifications) using a validation sheet to review the content and the construct validity
aspects (Nieveen, 1999). Determination of the validity of the research instrument using
four rating scales with categories: score >3.6 = very valid, score 2.8-3.6 = valid, score 1.9-
2.7 = less valid, and score 1.0-1.8 = invalid (Asy’ari, Hidayat, et al., 2019). The results of
the instrument validation showed that the conceptual understanding test instrument
(construct validity = 3.76; content validity = 3.84; reliability = 0.97) and the SCTS test
instrument (construct validity = 3.81; content validity = 3.84; reliability = 0.95) were
declared valid and reliable (Borich, 2016), hence was used to collect data.

The research data were analyzed descriptively using the equation [score=(score
achieved/maximum score) x 100] (Asy’ari, Ikhsan, et al., 2019). The One-Sample
Kolmogorov-Smirnov (K-S) and Levene tests were used to determine data normality and
homogeneity before carrying out non-parametric statistical analysis using the Mann-
Whitney U-test with the help of IBM SPSS Statistics 23 to determine the effect of the GDL
model on SCU and SCTS.

RESULTS AND DISCUSSION
Students’ initial knowledge

Students' initial knowledge was obtained from test results on salt hydrolysis
material. It was then used to identify differences between the experimental and
control groups. The students' initial knowledge in the experimental and control
groups was descriptively and statistically not significantly different (p > 0.05) (see
Table 3), so it can be stated that these groups relatively have the same knowledge.
Table 3. The students’ initial knowledge

Group N Mean K-S Sig.  Levene sig. p
Experimental 45 62.91 0.200
Control 47 62.98 0.200 0577 0.985

Students’ conceptual understanding

SCU data was measured after learning activities. The results showed that SCU
in the experimental and control groups increased after learning. The basic difference
between the two groups lies in achieving the conceptual understanding mean score,
namely 81.51 for the experimental group and 72.81 for the control group. The result
showed that this difference is due to differences in learning treatment, namely the
GDL model (experimental group) and expository (control group) (see Table 4).

The normality test of the SCU data was first carried out using the K-S test as a
prerequisite test before the parametric test was applied (Table 4). The analysis results
showed that the experimental group data were normally distributed (sig. > 0.05) while
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the control group data were not normally distributed (sig. < 0.05), so that non-
parametric statistical analysis using the Mann-Whitney U-test was carried out to
determine the effect GDL model on the SCU.

Table 4. Students’ conceptual understanding data distribution

Group N Mean Std. Deviation Sig. Normality
Experimental 45 81.51 11.45 0.200 Yes
Control 47 72.81 15.45 0.038 No

The statistical test results also showed similar results compared to descriptive
test results. The SCU was significantly different (p < 0.05) between the experimental
and control groups, whereas the experimental group that thought using the GDL
model was better than the control group that thought using expository learning (Table
5).

Table 5. Mann-Whitney U-test result of students' conceptual understanding
Item N z P

Post-test 92 -2.504 0.012

This study indicates that the GDL model significantly affects SCU on the
solubility subject. A similar study also showed a significant effect of the GDL model
on SCU (R.Y. Sari & Cahyo, 2020) but on different learning materials compared to this
study.

Students’ critical thinking skills

SCTS in the experimental group were better than the control group in terms of
the mean score (Table 6). SCTS mean score obtained on the experimental group was
higher (mean score= 70.46) than the control group mean score (mean score= 58.43). So
it can be stated that the GDL model was better than expository learning in improving
SCTS.

The normality test of SCTS data was also carried out using the K-S test. SCTS
data both in the experimental and control groups were not normally distributed (sig.
< 0.05). The Mann-Whitney U-test's non-parametric statistics were then carried out to
determine the GDL model's effect on SCTS.

Table 6. Students' critical thinking skills data distribution

Group N Mean Std. Deviation Sig. Normality
Experimental 45 70.46 10.46 0.000 No
Control 47 58.43 14.56 0.005 No

The statistical test results showed that the GDL model had a significant effect (p
< 0.05) on SCTS on the solubility product and solubility product (see Table 7). In line
with this study, the research that applied inquiry-based learning to physics learning
found a significant increase in SCTS (Prayogi & Verawati, 2020). Emphasis on the
active role of students in inquiry-based learning (e.g., GDL model) is stated to be the
core aspect of scientific thinking skills development (Arends, 2012; Asy’ari et al., 2021),
including critical thinking (Suhirman et al., 2021). On the other hand, different results
were found by Arsal (2017) that inquiry-based learning has not significantly affected
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SCTS. However, Arsal’s findings focus on the affective domain of critical thinking
(critical thinking disposition).
Table 7. Mann-Whitney U-test result of students' critical thinking skills

Item N z p
Post-test 92 -4,099 0.000
Discussion

SCU and SCTS in the experimental group reached an average of 81.51 and 70.46
respectively, while in the control group, it was 72.81 and 58.43. The results showed
that SCU and SCTS taught using the GDL model were better (p < 0.05) than students
taught by expository learning. Differences in SCU and SCTS in each group are caused
by differences in treatment in the learning process. Inquiry-based learning, including
the GDL model, requires students to learn through a series of scientific processes to
formulate problems, make hypotheses, conduct experiments to collect data, process
and analyze data, and draw conclusions (Kibirige & Maake, 2021; Lee & Yeung, 2021;
Shieh & Yu, 2016). Students can learn to find patterns in various concrete and abstract
situations through this scientific process (Yerizon et al., 2018). These processes enable
students to develop mastery of cognitive skills (Asy’ari, Fitriani, et al., 2019), such as
SCU and SCTS (Arsal, 2017; Yuliani & Saragih, 2015).

The results showed that the GDL model significantly affected SCU and SCTS (see
Table 5 and Table 7). The GDL model closely relates to the understanding process and
critical thinking skills related to students' mental construction and cognitive
abstraction (Schunk, 2012). In contrast with the experimental group's results, the
control group, which thought with exploratory learning, obtained the lower mean
score of SCU and SCTS. The expository learning process that only emphasizes
students' theoretical forms of concepts conveyed orally without looking at the
macroscopic and microscopic forms of the solubility and solubility product material
causes the low SCU and SCTS on chemistry in the control group. Lesson materials
with oral communication delivery are effectively used to convey information and
understanding but are not suitable for complex, detailed, and abstract materials
(Cardellini, 2012). Learning that relies on teacher explanations is also claimed to
burden students' cognitive (Trninic, 2018).

Theoretically, the GDL model is included in constructivist learning, which aims
to develop rational thinking, critical thinking, deep conceptual understanding, and
self-regulation (Moreno, 2010). The GDL model in this study emphasizes students'
active process through group discussions and feedback. This process is carried out so
that the internalization of knowledge into students' cognitive systems can be carried
out. This emphasis is in line with social cognitive theory, which states that social
activities in this study are group discussions are essential activities to develop
students' thinking skills (Kwan & Wong, 2015; Vygotsky, 1981). The GDL model
provides opportunities for students to improve, expand, and apply their knowledge
and skills in various activities. These activities help students to analyze thinking
processes and integrate new conceptual knowledge gained through problem
formulation, choosing problem-solving strategies, interpretation, explanation,
evaluation, and reflection on learning (Murphy et al., 2021; van der Graaf et al., 2020).
In addition, the intervention for internalizing knowledge to teach SCU and SCTS was
also applied in this study. It is in line with the opinion that presenting a new problem
or phenomenon can lead students to conduct a more in-depth study of a concept being
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studied or known as the internalization process (Muhali et al., 2019, 2020). In addition
to group interaction, the experimental group's SCU and SCTS were taught through
inquiry activities that allowed the students to choose problem-solving strategies and
evaluate their knowledge. Attention to these activities is allegedly experiencing
growth in the implementation of 21st-century learning (Fischer et al., 2014) because it
was found to be effective in teaching higher-order thinking skills (e.g., critical thinking
skills) (Furtak et al., 2012).

In line with the current study, some research has been found the effectiveness
and/or positive effect of the GDL model on SCU (Arifin et al., 2020; Arya Wulandari
et al., 2018) and SCTS (Fadillah et al., 2018; Noer, 2018) on mathematics and physics
learning. However, no research has been found that explicitly describes the effect of
the GDL model on SCU and SCTS on the solubility and solubility product subject
matter. The results of this study have implications for learning science, especially
chemistry learning in the current learning materials or similar characteristics learning
materials to facilitate SCU and SCTS through problem-oriented interventions,
analysis, evaluation, and reflection. These interventions have long been claimed to be
the core and important activities in active learning for higher-order thinking skills
teaching (G. P. Thomas, 2012; Zohar & Barzilai, 2013).

CONCLUSION

This study has achieved the research objectives and concluded that the use of the
GDL model had a significant effect (p < 0.05) on SCU and SCTS on the solubility and
solubility product subject matter. The mean score of the experimental group was
better than the control group, both in SCU (mean= 81.51 vs. mean= 72.81) and SCTS
(mean= 70.46 vs. mean= 58.43).

RECOMMENDATION

Some recommendations that need to be considered for further research based on
the findings of the current study are (1) the implementation of the GDL model in the
tirst stage (stimulation), which is carried out through the presentation of images,
questions, and material concepts to stimulate students’ initial knowledge. At this
stage, students tend to take a relatively long time, so it is essential to be considered in
choosing the form of presentation, choosing concepts and presentations in a
systematic, easy to understand, contextual way, and using words or sentences that are
easy to understand; (2) in the second stage (problem identification), many students
experience difficulties in formulating problems and formulating hypotheses, so that it
is important to pay more attention to these process skills; and (3) at the stage of
conducting the experiment, students record the concept according to the observations
in the form of numbers (numeric). Students have difficulty conducting data analysis
and verification, so simple questions that lead to activities to find the relationship
between observations and supporting concepts to make it easier for students to carry
out the verification stage on the GDL model need further research.
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