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This work is aimed at finding out the effect of the implementation of the
metacognitive learning strategy on the quality of prospective chemistry teacher’s
scientific explanations. This study used a quasi-experimental method with a pre-
test — post-test control group design. The participants of this research were the
students of two classes of Chemistry Education Study Program of a state university
in Malang, Indonesia. One class was taught using expository learning (EL) and
another class was taught using the metacognitive learning strategy consisting of
four stages (preparing, doing, checking, and assessing & following-up) abbreviated
to MS-PDCA. The data of the quality of scientific explanations obtained from the
test (reliability = 0.78) were then analysed using descriptive and inferential
statistics. The research results showed that 1) the improvement in the quality of
scientific explanations for two aspects (technical and conceptual validity) of the
students taught using MS-PDCA was higher than that of the students taught using
EL. 2) MS-PDCA learning enhanced the skills of constructing scientific
explanations in the technical and conceptual validity aspect proportionally. It can
be concluded that MS-PDCA can be used effectively in science learning,
especially for the study of materials requiring conceptual construction and deep
understanding of the relationship among the related concepts.
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INTRODUCTION

Learning is a mental or psychological activity taking place with active interaction in the
environment that creates the changes of understanding (Winkel, 2004). Learning of
chemistry is directed to help the students to build their knowledge and thinking skills so
that they find the relationship between the concepts of chemistry and are able to use
such concepts to explain various chemical phenomena. One of the examples is finding
the relationship between molecular structure and macroscopic characteristics of
substances in meaningful learning (Cooper, et al., 2013). The facts showed that the
learning conducted by teacher in the class is still dominated by conventional learning
models (Cook, et al., 2013; Paulson, 1999). Empirical evidence shows that conventional
learning cannot assist the students in developing sufficient understanding and conceptual
framework of the studied material. For example, the students cannot utilize their
understanding of the hydrogen bond to explain the characteristics of substances
(Henderleiter, et al., 2001). When the substance melts, it means that the covalent bond is
broken, not the intermolecular bonds (Smith & Nakhleh, 2011).

One of the purposes of science learning is helping out the students to construct the
scientific explanations of the phenomena with the right evidence and scientific
principles (McNeil & Krajcik, 2008). The scientific explanation answers three main
questions namely what is known (ontology question), how does happen (casual
question), and how do you know (epistemic question) (Osborne, et al., 2004). Scientific
explanation gives a description of how and why a phenomenon could happen (Chin &
Brown, 2000). The scientific explanation of the natural phenomena often involves
invisible things such as atom and force, genetic violence, oxidation, statistics and
probability underlying the model, or broad scientific theories (Braaten & Windschitl,
2011) which demand complex thinking skills (higher order thinking) (Yee et al., 2011).

The central aspect in science education is introducing the scientific explanations to the
students to assist them in understanding the primary concepts in science (NRC, 2011).
Scientific explanation plays a key role in the document of science education reformation
including the Benchmark of Science Literacy (Braaten & Windschitl, 2011). The first
thing that is learned by the students in science learning is how the scientific knowledge
is perceived and how it is developed. Research results showed that the learning
conducted by the teacher influences the students’ ability in constructing scientific
explanations (McNeill & Krajcik, 2008). Through their learning experience, students are
expected to be able to construct the scientific explanation of a particular phenomenon
supported by the correct evidence and the relevant scientific principles (Sadler, 2004).

The students’ ability in constructing scientific explanations is one of the benchmarks of
students’ understanding of the learned concepts, the relation between concepts, and the
implementation in the appropriate context (McNeill & Krajcik, 2008). The
understanding of the learned topic influences the students’ ability in effectively using the
evidence in making scientific explanations. In constructing the scientific explanation, the
ability to choose and use the data is necessary as a proof to support the claim. Generally,
the students face difficulty in such complex tasks although they have relatively many
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pedagogical experiences including expertise (McNeill, et al., 2006), especially in
choosing the correct evidence supporting the claim (Sandoval & Millwood, 2005).

Science learning shifts from the learning that requires the students to memorize facts to
learning the way to find out and think (Driver, et al., 2000). The development of
cognitive science acknowledges the significance of thinking and problem-solving in
learning. Learning closely relates to thinking and reasoning. According to Dewey,
thinking cannot happen spontaneously but it should be arisen with the problem and
question or by giving cognitive conflict (Wong et al., 2001). Dewey’s concept of
thinking is in line with the results of research of the metacognitive strategy and the
importance of teaching the students to think of the thinking process (Kauchak & Eggen,
1998). According to Marzano (1997), the dimension of thinking are stated with the
dimension of learning. In the dimension of learning of Marzano, metacognition is the
highest dimension of learning. The dimension of learning has been used as a reference in
arranging the learning strategy, planning, assessment, and systematic reformation
making (McREL, 1997). A teacher who has a better understanding of metacognition,
certain complex understanding of metacognition and metacognitive thinking strategy,
teaches the students more metacognitively (Wilson & Bai, 2010). Effective science
learning does not only upgrade the learning but also assists the students to develop the
metacognitive ability needed to master the higher science level and to reconstruct the
conceptual knowledge and learning strategy (Schraw, et al., 2006). This case shows the
significance of enhancing the prospective teacher’s metacognitive skill.

Metacognitive learning strategy is one of the alternatives that is proper for science
learning. The use of the metacognitive learning strategy enables the students to develop
their metacognitive knowledge and awareness. Metacognitive awareness variables have
a direct contribution to cognitive variables that are the influence of factors outside the
metacognitive awareness variable (Pantiwati, 2017). Both components of metacognition
are the importance aspects of science learning. In such learning, the students are
expected to describe the object and occurrence, propose questions, construct scientific
explanations, test the explanations using suitable scientific ways and communicate the
ideas. In this way, the students actively build science understanding by combining
scientific knowledge and reasoning (scientific explanations) and thinking skills.

Learning with the metacognition strategy facilitates meaningful learning by 1) relating
the new learned topic to prior knowledge (Ausuble, 1968), 2) directing the learning to
the goal (goal directed) (Darling-Hammond et al., 2014), 3) centring the learning to the
students (active learning) (APA, 1997; Rahman, et al., 2011), 4) supporting the students
to construct their understanding by themselves in accordance with the constructivist
view (Slavin, 2012), 5) fostering interaction and cooperation (collaborative) between the
students (Driver, et al., 1994), and 6) assessing the students’ complex ability to know the
students’ mastery and understanding (Darling-Hammond et al., 2014).

Studies of the implementation of the metacognitive strategy to improve learning have
been frequently done such as by Rahman, et al. (2014); Aleven & Koedinger (2002);
Karpicke, et al. (2009); Ku & Ho (2010); Channa, et al. (2014), and (Yusnaeni, et al.,
2017), but studying of metacognitive strategy related to the enhancement of the
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students’ ability in constructing scientific explanations has not been sufficiently
undertaken. Therefore, it is considered necessary to conduct a research to know the
impact of the application of the metacognitive strategy on the development of the quality
of students’ scientific explanations.

The aim of study

The aim of this study was to explore whether the metacognitive learning strategy could
impact on the quality of prospective chemistry teacher’s scientific explanations.
Specifically, this study was conducted to find answers to the following questions: 1)
Whether the MS-PDCA learning can improve the students’ ability to construct scientific
explanation namely the technical aspect and conceptual validity aspect; 2) Whether the
MS-PDCA learning can enhance the students’ ability to construct scientific explanations
in the forms of technical aspect and conceptual validity aspect proportionally.

METHOD
Research Design

This research used quasi-experimental design with pre-test—post-test control group
design model. The research population was all of the second semester students of
chemistry education program (prospective chemistry teachers) at a state university in
Malang, Indonesia. The research sample consisted of 62 students divided into two
classes, which was done by cluster random sampling technique. Based on the pre-test
score, both classes have the same initial ability. One class (34 students) as a control class
is taught by expository learning (EP) or lecturing and another one class (28 students) as
an experimental class that is taught by metacognitive strategies.

The study was conducted for four months, from January to early May 2017. Learning
with EP is done in four stages, namely preparation, presentation, correlation, and
generalization. In expository learnings, students are passive receivers of a lecturer's
explanation (teachers centred). Metacognitive strategies that was employed in this study
adapted the strategy developed by Cook et al. (2013), which initially consisted of five
stages (preview, attend, review, study, and assess) and then was modified to four steps
namely preparing, doing, checking, and assessing & following-up, abbreviated as PDCA.
The description of each phase (syntax) in the metacognitive learning strategy (MS-
PDCA) is shown in Table 1. The research design is presented in Table 2.

Table 1
Students’ Activity and Lecturer’s Help in Learning Using MS-PDCA
Phase Lecturer’s Help Student’s Activity Goal
Phase 1:  Facilitating the students to learn . Reviewing the teaching Preparing the
Preparing the teaching material and material students to study
determine the goal of learning, o Determining the learning goal
identify the key concepts that will o petermining/choosing the learning
be learned, relevant prior strategy

knowledge and concepts that have
been understood, make a summary
and question list that will be
proposed in the face to face

o Arranging the learning schedule
o |dentifying the significant concepts
that will be learned
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Phase Lecturer’s Help Student’s Activity Goal
activity in the class o Identifying the relevant prior
knowledge
o Identifying the essential concepts
that have been understood
o Making the question list that will be
proposed in the face to face activity
in the class
Phase 2:  Facilitating the students to actively ~ The students are involved in the Facilitating the
Doing learn in the class (presentation, learning activity in the class students to
discussion, question and answer, (presentation, discussion, question and construct their
and making a note/summary of the  answer, proposing questions (why, how, understanding
lesson) what is the rationale, what are the through active
criteria, how if, what is the relation of it learning
to...how about comparing it to...),
making an important notes).
Phase 3: e Facilitating the students to The students check/monitor whether the Monitoring the
Checking  check or monitor their learning planning has been done, assess the planning,
progress learning, check whether the learning checking the
Facilitating the students to reflect method has been used effectively, learning method
themselves regarding the topic that ~ Whether they understand the topic to employed,
has been learned teach the other friends? What are the reflecting on the
Helping the students to find out the ~ Obstacles and difficulties that they learning process
difficulties faced during the found in the learning, what should they used
learning and the alternative of the  do to avoid such difficulties in the next
problem-solving learning?
Phase 4: e Facilitating the students to The students with their lecturer test the  Knowing the
Assessing assess their learning progress and  understanding of the topic that has been achievement of
and evaluate whether their planned learned. Has the goal of the learning the learning goal,
Following learning goal is achieved (if it is that has been formulated and agreed giving the
-up not, what should be done then). together been achieved? Should the feedback and
Orienting the students to plan the additional tasks be given to reinforce  following up with
next learning activity the understanding? What will be done  the learning
in the next meeting? outcome
Table 2
Scheme of Research Design (adapted from Creswell, 2007)
Group Pre-test Treatment Post-test
Control ¢} EP o}
Experiment O SM-PDCA 0
Note:

O : Observation (pre-test and post-test of molecular structure and chemical properties
relationships)

EP : Learning using expository/lecturing

MS-PDCA : Learning using metacognitive strategy (MS-PDCA)

Data Collection and Analysis

The data were collected from the score of the pre-test and post-tests of students'
scientific explanations. Pre-test was conducted in the beginning of the research, in the
third week of January and post-tests were held in the first week of May 2017. A total of
5 test items was used on the pre-test and post-tests. The test was made by researchers
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and validated by 3 chemical education experts. Type the test was essay which ask the
students give answers in the form of scientific explanation. Based on the pilot project
conducted with 92, it was revealed that all the items were valid (p < 0.05) with the
coefficient Cronbach's Alpha of 0.78. It can be concluded that the test is feasible to use
(Morgan, et al., 2004). In addition, a questionnaire was also used to find out the
students' responses to learning with metacognitive strategies.

The scientific explanation was assessed in two aspects namely the technical and
conceptual validity aspects. The technical aspect was assessed based on the
completeness of the components of Toulmin’s reasoning, while the aspect of conceptual
validity was assessed based on the truth and appropriateness with the concepts of
chemistry, laws, theories, and principles in scientific explanations. The assessment of the
students’ scientific explanations was undertaken using the rubric developed by Sutopo
and Waldrip (2014). Scoring of the scientific explanations from the technical aspect
consisted of five levels (L-0, L-1, L-2, L-3, and L-4) and the conceptual validity aspect
consisted of four levels (L-0, L-1, L-2, and L-3). Both rubrics are presented in Table 3
and Table 4.

Table 3
Rubric to code the technical aspect of student’s scientific explanations quality

Category Score/  Description/indicator ~ More detailed description
level

Inductive/ 4 Claim is backed up by  The rationale consists of a comprehensive
deductive generalized data analyses supported by a principle,
rule-based relationship, theory, law, or definition that are relevant to
explanation principle, theory, or the data and problem being solved. The

law. scientific correctness of the theory, law, etc.,

used in this reason is not important.

Evidence- 3 Claim is backed up by  The rationale has considered an amount of
based evidence, including data (including implicit data) and applied a
explanation analogy and analysis relevant data analyses, but not enough to

Data-based 2

of data

Claim is backed up by

solve the problem correctly.

The rationale relies on limited data or the

explanation data. surface feature of the problem.
No 1 Claim is not backed The rationale, if any, is merely a restatement
explanation up, or the backup is of the claim (response) or not clearly related

Unidentified 0

pseudo, or tautology

No response

to the problem nor clear in meaning.

Student’s answer sheet is blank.
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Table 4

Rubric to code the conceptual validity aspect of student’s scientific explanations
Category Score/level Definition

Fully valid 3 Claim is correct and follows from the relevant and correct backup

Partially valid 2 e Claimis correct but the backup is not fully appropriate
(incomplete or partially irrelevant), or
» Claim is incorrect since it follows from an inappropriate
backup

Invalid 1 * Claimis incorrect since it follows a fully incorrect
backup or does not logically follow from backup, or
* Claim is correct but fully follows incorrect backup

Unidentified 0 No rationale, or the rational is tautological

The assessment of students’ scientific explanations were carried out by two persons
namely the researcher and the lecturer of organic chemistry in the Chemistry Department
at the State University of Malang, Indonesia. The equality of the appraisal results of the
assessment by both persons were 82.7% with the Kappa value of 0.687 (p<0.05) for the
technical aspect and 79.3% of 0.635 (p < 0.05) for the conceptual validity aspect.

To know the difference in the improvement of the scientific explanation in the EL and
MS-PDCA classes, the analysis was done by testing the difference in the independent
sample. The data analysis was conducted using SPSS for Windows.

To know the improvement of scientific explanation from the pre-test to the post-test, the
analysis was executed using average normalized-gain scores (Bao, 2006; and Cohen’s
d-effect size (Morgan et al., 2004). The normalized gain score (N-gain) was calculated
using the equation:

posttest — pretest

g =

maximum score — pretest

The interpretation of the value <g> was based on the category given by Hake (1998)
regarding the amount of effect of instruction, that is high if <g> > 0.65, upper-middle if
0.45 [ <g> < 0.65, lower-middle if 0.25 [ <g> 0.45, and low if <g> < 0.25.

Cohen’s d-effect size was computed using the equation:

Cohen's d = (M - M1)/SDpooled

SDpooled = \/((SDIZ + SDZZ)/Z)
The interpretation of Cohen’s was done based on the criteria of d (Morgan et al., 2004)
with the interpretation which is much larger than typical if d > 0.90, larger than typical if

0.70 < d < 0.90, typical or medium if 0.40 < d < 0.70, and smaller than typical if d <
0.40.

FINDINGS

The tested hypothesis in this research are 1) the enhancement of the students’ ability to
construct the scientific explanations from the technical aspect in the MS-PDCA class is
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higher than that of the EL class 2) the enhancement of the students’ ability to construct
scientific explanations from the conceptual validity aspect of MS-PDCA class is higher
compared to that of the EL class.

The summary of the results of the normality test and the variance homogeneity test of
the students’ scientific explanations data is presented in Table 5.

Table 5

The Summary of the Results of the Normality Test and the Variance Homogeneity Test
of the Scientific Explanation Score

Normality (Kolmogorov-Smirnov®  Variance Homogeneity

Scientific Explanation

N Sig. Lavene Statistic  Sig.
Technique Pre-test 62 0.000 1.555 0.217
Post-test 62 0.002 2.678 0.107
Conceptual Pre-test 62 0.000 2.042 0.158
validity Post-test 62 0.000 0.998 0.322

Based on Table 5, the data of students’ scientific explanations are not normally
distributed (sig. < 0.05) and have a homogeny variance (sig. > 0.05). Based on the
results, the test of difference was done using non-parametric statistics of Mann-Whitney.
The analysis results of the difference test of the data of scientific explanation of the EL
class and the MS-PDCA class using Mann-Whitney are presented in Table 6.

Table 6
The Analysis Results of the Difference in the Test of Scientific Explanation Data in the
EL Class and the MS-PDCA Class Using Mann-Whitney

Data Aspect of Scientific Explanation ~ Mann-Whitney U Asymp. Sig. (2-tailed)
Pre-test Technique _ 378.000 0.160

Conceptual validity 452.500 0.731
Post-test Technique _ 45.500 0.000

Conceptual validity 58.000 0.000

Table 6 shows that the results of the difference test of the pre-test data of scientific
explanation using Mann-Whitney yielded the significant value of p=0.160 (sig > 0.05)
for technical aspect and p=0.731 (sig > 0.05) for conceptual validity aspect. This means
that there was no difference of the initial students’ ability in constructing the scientific
explanations in the EL class and the MS-PDCA class for both aspects of scientific
explanations. The results of difference test of post-test data using Mann-Whitney yielded
the significant value of p=0.000 (sig < 0.05) for technical aspect and p=0.000 (sig <
0.05) for conceptual validity aspect. This means that there was a difference of students’
ability in constructing the scientific explanations of the EL class and the MS-PDCA
class for both aspects of scientific explanations after learning. The improvement of the
students’ ability to construct scientific explanations in the MS-PDCA class was
significantly higher than the improvement of the students’ ability to construct scientific
explanations in the EL class for both aspects of scientific explanations. Therefore, it can
be concluded that both hypotheses can be accepted.

The data of the mean of N-Gain also supports the conclusion. The averages of N-Gain
class taught using MS-PDCA were higher than the EL class namely 0.83 for the MS-
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PDCA class that was higher than 0.31 for the EL class for technical aspect. For the
conceptual validity aspect in the MS-PDCA class, the average was 0.79 which was
higher than 0.27 for the EL class.

The effectiveness level of EL and MS-PDCA learning in upgrading the students’ ability
to construct the scientific explanations is also indicated from the value of the effect size
as presented in Table 7.

Table 7
The Value of Effect-size
Class  Aspect of Scientific Explanations  Effect-size Interpretation
EL Technique 0.875 larger than typical
Conceptual validity 0.713 larger than typical
MS- Technique 3.686 much larger than typical
PDCA  Conceptual validity 2.296 much larger than typical

Based on the criteria mentioned by Morgan et al. (2004), the value of the effect size for
both aspects of the scientific explanations of the students taught using EL was lower
(larger than typical) than the scientific explanation of the students taught using MS-
PDCA (much larger than typical).

The change of the distribution of the students’ scientific explanations for technical and
conceptual validity aspects on pre-test and post-test in the EL class are shown by the
cross tabulation in Table 8 and Table 9.

Table 8
Cross Tabulation of Pre-Test and Post-Test of Students’ Scientific Explanation for
Technical Aspect in the EL Class

PRE-TEST Total Post-test
L-0 L-1 L-2 L-3 L-4 Total %
L-1 2 4 4 0 0 10 5.9
POST- L-2 13 23 55 4 0 95 55.9
TEST L-3 3 2 34 7 2 48 28.2
L-4 1 4 12 0 0 17 10.0
Total of Total 19 33 105 11 2 170 100.0
Pre-test % 11.2 19.4 61.8 6.5 1.2 100.0

Table 9
Cross Tabulation of Pre-Test and Post-Test of Students’ Scientific Explanation for
Conceptual Validity Aspect in the EL Class

PRE-TEST Total of Post-test
L-0 L-1 L-2 L-3 Total %
L-0 0 2 0 0 2 1.2
POST- L-1 4 36 15 0 55 324
TEST L-2 1 57 27 6 91 53.5
L-3 1 16 5 0 22 12.9
Total of Total 6 111 47 6 170 100.0
Pre-test % 3.5 65.3 27.6 3.5 100.0
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Based on Table 8 and Table 9, the proportion of the quality of students’ scientific
explanations in the EL class that is in the highest two levels increased from ~8% on pre-
test to ~38% on post-test for technical aspect, while for conceptual validity aspect, the
students who were in the highest level enhanced from ~3% to ~13%. Based on Table 8,
there were 66 (38.8%) scientific explanations of students who had similar score before
learning (pre-test) and after learning (post-test) for the technical aspect and 63 (37.1%)
scientific explanations for the conceptual validity aspect (Table 9). It means that the
proportion of the students’ scientific explanations which were the same between the pre-
test and the post-test was relatively big (close to 40%).

The changes of the distribution of the students’ scientific explanations in the MS-PDCA
class for technical aspect and conceptual validity aspect on pre-test and post-test are
presented in Table 10 and Table 11.

Table 10
Cross Tabulation of Pre-Test and Post-Test of Students’ Scientific Explanation for
Technical Aspect in the MS-PDCA Class

PRE-TEST Total of Post-test
L-0 L-1 L-2 L-3 Total %
L-1 0 1 0 0 1 0.7
POST- L-2 1 4 1 0 6 4.3
TEST L-3 3 20 24 1 48 34.3
L-4 4 28 51 2 85 60.7
Total of Total 8 53 76 3 140 100.0
Pre-test % 5.7 37.9 54.3 2.1 100.0
Table 11

Cross Tabulation of Pre-Test and Post-Test of Students’ Scientific Explanation for
Conceptual Validity Aspect in the MS-PDCA Class

PRE-TEST Total of Post-test
L0 L1 L2 L3 Total %
L1 0 5 0 0 5 36
_F;gg- L-2 2 25 13 0 40 28.6
L3 1 61 31 2 95 67.9
Total of Total 3 91 44 2 140 100.0
Pre-test % 21 65.0 31.4 14 100.0

Based on Table 10 and Table 11, it is known that the proportion of the students’
sceintific explanation in the MS-PDCA class in both highest levels increased from ~2%
on pre-test to ~95% on post-test for technical aspect, while the proportion of the
students’s scientific explanation in the highest level enhanced from ~1,5% on pre-test to
~68%% on post-test for the conceptual validity aspect. From Table 10, it is also known
that only three (2.1%) of students’ scientific explanations that have a similar score
between pre-test and post-test for the technical aspect and 20 (14.3%) students’
scientific explanations for the conceptual validity aspect (Table 11). Based on such data,
it can be concluded that the improvement of the students’ ability to construct scientific
explanations in the MS-PDCA class was higher than that in the EL class for both
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technical and conceptual validity aspects. The MS-PDCA strategy had the higher
effectiveness in upgrading the students’ ability to construct the scientific explanations.
The analysis results also supported the previous conclusion that the MS-PDCA learning
increases the students’ ability to construct scientific explanations.

The average N-gain (<g>) score (Hake, 2002) and the percentage [(g-g)/g] (Bao, 2006)
of the students’ scientific explanations of MS-PDCA class for technical and conceptual
validity aspects are presented in Table 12.

Table 12
The N-Gain average, Mean of N-Gain <g> Score, and Percentage [(g-g)/g] of Students’
Scientific Explanation in the MS-PDCA Class

Scientific Explanation N-Gain average Mean of N-Gain [(2-9)/g]%
< g> <g>

Technical Aspect 0.83 0.82 1.23

Conceptual Validity Aspect 0.79 0.68 16.18

Based on the criteria given by (Hake, 1998), the scores are categorized as high for
technical and conceptual validity aspects. The combination of both parameters (the
effect size and mean of N-gain) can be concluded that the MS-PDCA has high
effectiveness to improve the students’ ability to construct scientific explanations for both
technical and conceptual validity aspects.

If the mean of N-gain (<g>) in Table 12 is compared with the <g> score, the <g> score
was a little bit higher than the <g> score of its pair, namely the <g> score for technical
aspect which was 0.83 while the <g> score was 0.82, while the <g> score for conceptual
validity aspect was 0.79 while the <g> score was 0.68. Based on the (g-g)/g score in
Table 12, it can be concluded that the shift of the class distribution from the pre-test to
the post-test is categorized in the normal-constant shift for technical and conceptual
validity aspects (Bao, 2006). It means that the students used the learning and teaching
process proportionally to upgrade the ability to construct scientific explanations for
technical and conceptual validity aspects. The MS-PDCA facilitates to develop the
students’ ability to construct scientific explanations proportionally for technical and
conceptual validity aspects.

DISCUSSION

The results of data analysis showed that the improvement of the students’ ability to
construct scientific explanations in the MS-PDCA class was higher than that in the EL
class. In other words, MS-PDCA positively influenced the students’ ability to construct
scientific explanations. In the EL class, the students passively accepted information
while the lecturer dominantly delivered the information and explanations. This kind of
learning force the students to study by memorizing (rote learning), inhibiting the
development of critical thinking and meaningful learning as well as resulting in shallow
thinking (Schrock & Benko, 2015; Paulson, 1999). The students tended to understand
every concept separately and to less understand the connection between the concepts so
that their ability to construct the scientific explanation was low. On the other hand, in
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MS-PDCA learning, since the very first time, the students were encouraged to prepare
themselves to learn, arrange the lesson plan, monitor and evaluate the learning, as well
as be actively be involved in the learning to create a meaningful learning process
(Ausuble, 1968; APA, 1997; Rahman, et al., 2011; Slavin, 2012).

Scientific explanation is closely related to cognitive process (Keil, 2006); the higher the
students’ metacognitive ability, the better their scientific explanations. Metacognition
describes the thinking skill about one’s thinking (Shannon, 2008). In MS-PDCA learning,
the students are facilitated to enhance their metacognitive ability by: determining the
learning goal, identifying the prior knowledge, choosing/planning the relevant learning
strategy, being actively involved in learning, monitoring the understanding and learning
strategy, as well as evaluating their learning (Collins, 2011; Jackson, 2004).

The increase in metacognitive knowledge (declarative, procedural, and conditional)
helps the improvement of students’ understanding. When the students faced a
phenomenon, they could identify the related concepts, find the relationship between the
concepts and why such concepts are linked to each other. The enhancement of the
understanding is in line with the improvement of the ability to construct scientific
explanations (Mcneill & Krajcik, 2006). The improvement of metacognitive ability
indicates the increase in the ability to plan and select the learning strategy, monitor the
understanding and learning strategy, and evaluate their understanding. The learners who
have metacognitive ability are better in forming a better understanding (Tali & Dar,
2014).

In the MS-PDCA learning, the students were actively involved in the learning through
group discussions. In those discussions, each student was free to deliver their opinion
and argumentation, debate, and test the understanding. The students’ understanding is
formed through social interaction with other students, lecturers, and the learning source
(Driver, et al., 1994), and the media that culturally form their understanding (Zhou &
Brown, 2014). The lecture’s role in learning is providing a learning environment
enabling the students to construct their understanding (Schneider & Stern, 2010). When
the students asked a question, the lecturer did not directly answer, but facilitated the
students to think and find out the answer by themselves.

The improvement of students’ ability to construct scientific explanations shows that they
could apply their knowledge and understanding in a new situation. The ability to
implement the understanding in a new situation is in line with the understanding. The
metacognitive learning facilitates the students to learn with understanding (Tali & Dar,
2014).

Based on the students’ response in the MS-PDCA class to the questionnaire, it is known
that 1) all students felt that the tasks given before learning helped to prepare themselves
to the learning well, 2) 93% of the students said that the learning phases in the MS-
PDCA they passed enabled them to understand the topic well, 3) all students felt that the
lecturer gave the opportunity to monitor their understanding, and 4) 96% of the students
stated that the evaluation provided at the end of learning assisted them to know their
understanding of the topic that had been learned.
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CONCLUSION

Based on the research results, it can be concluded that 1) MS-PDCA learning improves
the students’ ability to construct the scientific explanation for two aspects of scientific
explanation namely technical aspect and conceptual validity aspect; 2) MS-PDCA
learning enhances the students’ ability to construct the scientific explanations for
technical aspect and conceptual validity aspect proportionally; and 3) MS-PDCA
learning enables the students to learn meaningfully through the activities of preparing to
learn, choosing and planning the learning strategy, being actively involved in the
learning, monitoring the understanding, and evaluating the learning. The findings of this
study have some implications for teachers to make efforts to improve their students'
ability in constructing scientific explanations. This can be done by selecting a learning
model that has a potential to facilitate critical and meaningful learning.
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