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Abstract 
 
This study aimed to investigate the effect of triangulation-based metacognitive learning strategy on students’ 
chemistry literacy and learning achievement. This study was conducted by using a pretest-posttest control 
group design. The participants of this research were two classes of 10th grade natural science students of Senior 
High School in Pasuruan, Indonesia. One class was taught using triangulation-based metacognitive learning 
strategies consisting of four steps (Preparing, Doing, Checking, and Assessing & Following-Up) abbreviated to 
MLS-PDCA, and another was taught using expository learning strategy (ELS). Data was collected by pretest and 
posttest. Based on the data analysis, it was known that the N-gain averages of students’ chemistry literacy were 
54% in MLS-PDCA class as the middle category and 38% in the ELS class as middle category. N-gain averages 
of learning achievement were 56% in experiment class as middle category and 40% in ELS as middle category. 
Mann-Whitney U and independent sample t-test showed that the improvement of students’ chemistry literacy 
and learning achievement in MLS-PDCA class was more significant than in the ELS class. It can be concluded 
that MLS-PDCA can enhance the students’ chemistry literacy and learning achievement in senior high school. 
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1.  Introduction 

The 21st century is marked by the 
development of technology and information 
that can provide solution and problems in 
various aspects of global life (Aslamiah et al., 
2021). One example of the problems caused 
is environmental pollution. These problem 
can be overcome if the society has knowledge 
of science and technology, which known as a 
science-literate society (Chen & Osman, 
2017). Scientific literacy is the ability to 
engage as citizens who think about scientific 
issue’s and ideas (OECD, 2016). 
 

The result of research from the Program 
International Student Assessment (PISA) in 

2018 showed that the scientific literacy of 
Indonesian students was ranked the 69th of 78 
country participants. It could be categorized 
as very low (Schleicher, 2019). In line with the 
results Sukowati et al. (2017) reported  that 
several senior high school apply the 2013 
curriculum showed the average score of 
scientific literacy ability in each school is less 
than 50 categorized as low. 
 

The results of interviews with chemistry’s 
teachers at Senior High School in Pasuruan 
obtained information that students had 
difficulties when asked to explain scientifically 
natural phenomena which became an 
important part of scientific literacy. The school 
has implemented the 2013 curriculum since 
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2016, but has not yet fully implemented the 
scientific approach. 
 

The causes of low literacy were learning that 
still uses lecture method, the delivery of 
concept that does not introduce science 
processes and  application, and practicum 
activities are rarely carried out (Anggraeni & 
Wardani, 2020), the level of intelligence and 
student learning methods which are an 
important part of metacognition (Affandi et 
al., 2015). Moreover, this problem is also 
caused by the low abilities of teachers which 
include: difficulty in integrating science on 
learning activity, having a low knowledge of 
learning models that able to integrate of 
science, and a low motivation in learning 
integrated science consistently (Rubini et al., 
2016). This causes the students required to be 
able to find the right way of learning in 
improving the quality of scientific literacy. 
 

The implementation of the 2013 curriculum in 
Indonesia places chemistry literacy as part of 
scientific literacy which has several aspects of 
assessment, consisting of context, 
knowledge, competence, and attitude (OECD, 
2016). Chemistry literacy is closely related to 
the ability to understand text scientifically as 
an important part that can help students in 
providing scientific explanation. According to 
Dori et al. (2018) context-based learning with 
high intensity combined with metacognitive 
clues which are an important part of 
metacognitive learning can improve scientific 
understanding of texts. MLS have the 
potential to improve the quality of chemical 
literacy. One of the MLS that can be applied is 
the MLS-PDCA developed by Parlan et al. 
(2018a) which consists of four phases, which 
are Preparing, Doing, Checking, and 
Assessing & Following-Up. This learning 
strategy realizes meaningful learning by 
linking new concept with prerequisite 
knowledge and student-centered (Parlan et 
al., 2018a).  
 

MLS can be supported by the triangulation 
method developed by Thomas (2017), which 
is looking for relationships between chemical 
representations (macroscopic, sub-
microscopic, and symbolic) that can improve 

the explanation of phenomena at the 
molecular level (Sunyono & Meristin, 2018; 
Widarti et al., 2019). Students' 
misunderstanding and difficulty about 
submicroscopic representations level can 
lead to misconceptions (Treagust et al., 2018). 
One of the concept that caused of 
misconception is electrolyte and 
nonelectrolyte solutions which include (1) 
types of particles that cause electric currents 
(Lu et al., 2019); (2) concepts of ions, 
molecules, and the dissociation process of 
electrolyte solutions (Adadan & Savasci, 
2012); and (3) the perception of electric 
current generates ions (Rahayu & Kita, 2010). 
The study of the effects of Triangulation-
Based Metacognitive Learning Strategies on 
Students’ Chemistry Literacy and Learning 
Achievement in Electrolyte-Nonelectrolyte 
Solutions hasn’t been conducted.  

 

2. Method 

This research used quasi-experimental design 
with pretest–posttest control group design 
model (Creswell, 2012). The quasi-research 
design aims to investigate the differences in 
students’ chemical literacy and achievement 
between the experimental class (learning with 
triangulation-based MLS-PDCA) and control 
class (learning with ELS). The participants of 
the research were one class (34 students) as an 
experimental class and another one class (34 
students) as a control class. The research 
design is presented in Table 1. 

 
Table 1. Scheme of Research Design  

Group Pretest Treatment Posttest 
Experiment O X O 

Control O C O 
Description: 
O : Pretest and posttest 
X : Learning using triangulation-based MLS-PDCA  
C : Learning using ELS 

 
Learning with ELS is done in four stages, which 
are Preparation, Presentation, Correlation, and 
Generalization. In ELS, students are passive 
receivers of a teacher’s explanation (teachers 
centered). The description of each phase 
(syntax) in the MLS-PDCA is shown in Table 2. 
The research instruments used include 
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treatment instruments and measurement 
instruments. The treatment instruments used 
included the syllabus, lesson plans for the 
experimental class and the control class, 
student worksheets for the experimental class 
and the independent learning activity unit for 
the control class. The measurement instrument 
used in the study consisted of multiple-choice 
type test questions of chemistry literacy and 
learning achievement as well as learning 
implementation observation sheets.  
 

Hypothesis test used here was processed by 
SPSS 17 with independent sample t-test for 

parametric analysis and Mann-Whitney U for 
non-parametric analysis. The improvement of 
chemistry literacy and learning achievement 
obtained from pretest to posttest were 
measured using average normalized-gain 
score. The formula used is as follow (Hake, 
1998). 

< g > = 
%𝑆𝑓− %𝑆𝑖

100−%(𝑆𝑓) 
 

The interpretation of the value <g> was given 
by (Hake, 1998) as  follow:   low category  if 
<g> < 0.3; medium category if 0.3 ≤ <g> < 
0.7; and high category  if <g> ≥ 0.7. 

Table 2. Student and Teacher’s Activity in Triangulation-Based MLS-PDCA  

Phase Teacher’s Activity Student’s Activity Aim 
Phase 1: 
Preparing 

Facilitating the students to 
learn the teaching material and 
determine the goal of learning, 
identify the key concepts that 
will be learned, relevant prior 
knowledge and concepts that 
have been understood, make a 
summary and question list that 
will be proposed in the face to 
face 

• Reviewing the teaching material 

• Determining the learning goal 

• Determining the learning strategy 

• Arranging the learning schedule 

• Identifying the significant 
concepts that wll be learned 

Preparing the 
students to study 

Phase 2: 
Doing 

Facilitating the students to 
actively learn in the class 
(presentation, discussion, 
question and answer, and 
making a note/summary of the 
lesson) 

The students are involved in the 
learning activity in the class 
(presentation, discussion, question 
and answer, proposing questions)  

Facilitating the 
students to 
construct their 
understanding 
through active 
learning 

Phase 3: 
Checking 

• Facilitating the students to 
check or monitor their 
learning progress 

• Facilitating the students to 
reflect themselves regarding 
the topic that has been 
learned 

• Helping the students to find 
out the difficulties faced 
during the learning and the 
alternative of the problem 
solving 

The students check/monitor whether 
the planning has been done, assess 
the learning, check whether the 
learning method has been used 
effectively, whether they understand 
the topic to teach the other friends? 
What are the obstacles and 
difficulties that they found in the 
learning, what should they do to 
avoid such difficulties in the next 
learning? 

Monitoring the 
planning, checking 
the learning method 
employed, reflecting 
on the learning 
process used 

Phase 4: 
Assessing 
& 
Following- 
Up 

Facilitating the students to 
assess their learning progress 
and evaluate whether their 
planned learning goal is 
achieved (if it is not, what 
should be done then). 
Orienting the students to plan 
the next learning activity 

The students with their teacher test 
the understanding of the topic that 
has been learned. Has the goal of the 
learning that has been formulated 
and agreed together been achieved? 
Should the additional tasks be given 
to reinforce the understanding? What 
will be done in the next meeting? 

Knowing the 
achievement of the 
learning goal, giving 
the feedback, and 
following up with 
the learning 
outcome 
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3. Result and Discussion 

Triangulation-based metacognitive learning 
strategy is a metacognitive learning that is 
developed by connecting triple representation 
of chemistry (macroscopic, submicroscopic, 
and symbolic) about context of science that 
can stimulate student’s metacognitive 
reflection. This research assesses the 
achievement of scientific literacy in the aspect 
of context, knowledge, and competence. 
Meanwhile, the learning achievements of 
students measured by cognitive question at 

the C4 (evaluation)-C6 (create) level. The 
pretest given to students about chemistry 
literacy and learning knowledge. Then, after 
learning the students also got posttest about 
chemistry literacy and learning achievement. 
Before testing statistics inferentially, a 
prerequisite test had been carried out, which 
where testing for normality and homogeneity 
then proceeded with t-test. The result or 
normality, homogeneity, and t-test (Mann-
Whitney U and independent sample t-test) of 
chemistry literacy and learning achievement 
data is presented in Table 3. 

 
Table 3. Normality, Homogeneity, and t-Test of Chemistry Literacy and Learning Achievement

 
The result of the normality test of students’ 
chemistry literacy was not normally distributed 
with value of sig < 0.05 in control class, while 
the students’ learning achievement was 
normally distributed with value of sig > 0.05. 
Based on the results of the normality test, the 
statistical test of students' chemistry literacy 
data used the non-parametric statistical 
method of the Mann-Whitney U test, while the 
student achievement data used the parametric 
statistical method of the independent sample 
t-test. According to the Mann-Whitney U and 
independent sample t-test showed that sig = 

0.001, it can be interpretated there was a 
significant discrepancy of students’ chemistry 
literacy and learning students’ learning 
achievement between experimental and 
control class. 
 

The improvement of student’s chemistry 
literacy in electrolyte and nonelectrolyte 
solution topic was calculated by normalized 
gain (N-gain) formula based on pretest and 
posttest data. Comparison of student’s 
chemistry literacy from experiment and control 
class is represented on Figure 1. 

 
Figure 1. The Comparison of Mean Score Percentage of the Pretest, Posttest, and N-gain in Students’ 

Chemistry Literacy of Experimental Class and Control Class 
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Students’ Learning 
Achievement 

Pretest 0.062 
0.132 0.001 

Independent 
Sample t-Test Posttest 0.081 
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Figure 1 shows that there is a difference of 
students’ chemistry literacy score average 
between experimental and control class. 
Pretest score average at experiment class was 
higher than control class, it is respectively 
34.82% and 32.47%. Posttest score average at 
experiment class was higher than control class, 
it is respectively 70.11% and 58.35%. The 
improvement of pretest and posttest average 
in each class was represented by N-gain where 
54% in experimental class (medium category) 
and 38% in control class (medium category). It 
can be interpretated that the improvement 
student’s chemistry literacy of experiment 
class was better than control class. This result 
was supported by student’s activity during the 
learning process because in MLS-PDCA based 
triangulation learning strategy facilitated 
students to be active in learning activity.  
 

The results of research by Parlan et al. (2018b) 
inform that MLS can improve scientific 
explanation abilities, especially on concepts 
that require in-depth understanding of 
concepts. The ability to provide scientific 
explanations is one aspect of competence in 
chemical literacy which has an important role 
in helping students  to  explain scientific 
phenomena (Shwartz et al., 2006). MLS involve 
active students in learning so that enable 
meaningful learning to occur. Metacognitive 
skills which include planning, monitoring, and 
evaluating learning are able to help students 
control understanding, develop critical 

thinking skills, and find appropriate learning 
strategies for problem solving (Lavi et al., 
2019). MLS are able to train students in 
improving critical thinking skills so that when 
given a chemistry literacy test with a high 
cognitive level students are able to solve these 
problems well and maximally. The results of 
this study are supported by Amin et al. (2019) 
which shows that the higher the students' 
metacognitive abilities, the higher their critical 
thinking abilities. 
 

Chemistry literacy on electrolyte and 
nonelectrolyte topics that were examined in 
this research consist of context, knowledge, 
and competency. Context aspect on 
electrolyte and nonelectrolyte solution is 
divided into 7 topics of accumulator, water 
coconut, oralyte, fish electrocution, electrical 
conductivity’s solution, electrical 
conductivity’s experiment, and salt form’s 
experiment. Figure 2 show the improvement of 
student’s achievement context aspect during 
the learning process. Generally, MLS-PDCA can 
improve chemistry literacy especially in 
content aspect. The highest improvement was 
in “oralyte context” of both group that used 
MLS-PDCA based triangulation and ELS. 
Furthermore, knowledge aspect of chemistry 
literacy consists of content knowledge, 
epistemic knowledge, and procedural 
knowledge. The comparison of knowledge 
aspect in this research can be seen in Figure 3.

 

 
Figure 2. Improvement of Content Aspect after Using Triangulation-Based MLS-PDCA (Experiment) and 

ELS (Control) 
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Figure 3. Improvement of Knowledge Aspect between Triangulation-Based MLS-PDCA and ELS 

 
Metacognition has an important role in 
chemistry learning which requires awareness 
in interpreting the interrelationships of various 
levels of chemical phenomena. The process of 
understanding chemical literacy is closely 
related to chemical representation. Gkitzia et 
al. (2019) showed that most students had 
difficulty in finding the relationship of the 
chemical triplet representation (macroscopic, 
submicroscopic, and symbolic) of a chemical 
phenomenon. The interconnection of chemical 
representations helps students to construct 
understanding maximally.  

This research also observes competency 
aspect of chemistry literacy after obtaining 
learning using triangulation based MLS-PDCA.   
Competency aspect facilitated students to 
solve the problem using their knowledge. 
Competency aspect’s indicator according to 
PISA 2015 divided into three parts; explaining 
phenomena scientifically, interpretating data 
and evidence scientifically, designing and 
evaluating scientific investigation. The 
improvement of student’s competency aspect 
after using triangulation-based MLS-PDCA 
and ELS can be seen in Figure 4. 

 

 
Figure 4.  Improvement of Competency Aspect between Triangulation-Based MLS-PDCA and ELS 1). 

Explaining Phenomena Scientifically; 2). Interpretating Data and Evidence Scientifically;        
3). Designing and Evaluating Scientific Investigation)
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caused by MLS that used in the learning 
process. The triangulation method used in the 
study is very effective in understanding the 
interconnection of chemical representations, 
making it easier for students to provide 
accurate scientific explanations related to 
scientific phenomena (Thomas, 2017). This is in 
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line with Treagust et al. (2003) research which 
informed that understanding submicroscopic 
and symbolic representations can help 
scientific explanation abilities. The practicum 
carried out in learning contributes to helping 
improve students' chemical literacy through 
scientific investigation activities which include 
experimental design and verification of 
hypotheses and variables as an important part 
of the aspect of chemical literacy competence. 
This statement is supported by Genc (2015) 
findings which inform that learning through 
scientific inquiry encourages students to 
develop skills through discussion and 
exchange of information so that it has an 
impact on increasing literacy and attitudes 
towards science. 
 

The triangulation-based MLS-PDCA directs 
students to be active in learning activities and 
organize learning strategies effectively in 
constructing conceptual, procedural, and 
metacognitive understandings that are 
strengthened by the interconnection of triplet 
representations that can stimulate 
metacognitive reflection. The triangulation-
based MLS-PDCA is supported using a context 
approach by connecting learning materials 
with science-related phenomena in life which 
are important characters that must be 
mastered in an effort to improve the quality of 
chemical literacy. This is supported by research 
by  Cigdemoglu and Geban (2015) which 
shows that context-based learning can 
effectively improve students' chemical literacy.  

The learning process in the triangulation-
based SM-PDCA class is also supported by 
worksheet which is compiled based on MLS 
and contains discourses on science problems 
in life which is equipped with triplet 
representations so that it is easier and arouses 
student motivation in learning. This is in 
accordance with the results of research by 
Upahi and Ramnarain (2019) which informed 
that in an effort to improve students' 
understanding of chemical concepts, it is 
necessary to integrate various chemical 
representations through the learning process 
and the learning resources used. In addition, 
teaching materials that are oriented towards a 
balanced scientific literacy context can also 
help in improving chemical literacy (Sastri et 
al., 2020). In the ELS class, UKBM (self-study 
activity unit) is facilitated to support the 
learning process. The UKBM used emphasizes 
a scientific approach that can build chemical 
literacy skills in the aspects of knowledge and 
competence. But the learning does not involve 
students in learning activities so that it is 
considered less effective in improving 
chemical literacy. Therefore, the chemistry 
literacy obtained by ELS class is lower than the 
triangulation-based MLS-PDCA. This research 
not only investigate how triangulation-base 
MLS-PDCA influences the students’ chemistry 
literacy but also investigate how it affect the 
learning achievement. The comparison of the 
mean score percentage of pretest, posttest, 
and N-gain of student’s learning achievement 
between experiment and control group is 
shown in the Figure 5. 

 

 
Figure 5.   The Comparison of The Mean Score Percentage of the Pretest, Posttest, and N-gain Between 
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According to the pretest and posttest data on 
Figure 5, it is shown that the students’ learning 
achievement from experiment group is rising 
36.47% and the control group is rising 26.47%. 
It shows that the alteration on student’s 
learning achievement is happened after 
applying triangulation-based MLS-PDCA. 
Furthermore, N-gain mean score on both 
group experiment and control group 
respectively 56% and 40 % are categorized 
into medium category, but the experiment 
group is higher than the control group. This 
result is caused by the students’ activity in the 
classroom during the learning.In experiment 
class students directed to be active in the 
learning activity. The research of Jayapraba 
(2013) inform that metacognitive instruction in 
learning can improve student’s achievement. 
MLS is a student centered learning strategy, so 
it can make students more active to construct 
the understanding in meaningful learning 
(Cook et al., 2013). Triangulation-based MLS-
PDCA is able to direct students in exploring  
the formulation of learning objectives, 
prerequisite concepts, concepts that are not 
yet understood, and concept that have been 
understood  which are carried out at the 
“Prepare” phase, so the students can be 
responsible  independently in the learning 
context related to the material being studied 
(Parlan et al., 2018a). 
 

Cognitive knowledge constructed by students 
can be predicted through lesson planning and 
identification of prerequisite knowledge 
(Kallio et al., 2018). Important information 
found in the study shows that the prerequisite 
knowledge mastered by students can be a 
benchmark for the success of understanding 
the concept of material at a further level. 
Because of that, support and motivation must 
be given by teacher to students as an effort to 
increase metacognitive awareness. Students 
who have quality of prerequisite knowledge 
are easier to understand new concepts 
because chemistry is interconnected. 
Cognitive understanding and knowledge built 
by students are also supported through group 
discussion, question and answer activities, and 
practicum conducted at “Doing” phase (Parlan 
et al., 2018a).  
 

Triangulation-based MLS-PDCA strongly 
support teachers and students in verifying 
concepts, monitoring, and evaluating the level 
of understanding mastered (Hammond et al., 
2014). Concept verification and evaluation of 
the level of understanding carried out at the 
“Checking” phase can be parameters for the 
development of understanding constructed by 
students. Self-assessment of learning can 
improve student’s metacognitive abilities. 
Self-assessment is able to generate student’s 
metacognition to evaluate the efficiency of the 
applied learning method and  the expected 
achievement targets (Young & Fry, 2008). 
Students who have high metacognitive 
abilities will have a better way of learning 
when compared to students who have low 
metacognitive abilities.  
 

“Assessing & Following-Up” phase at 
triangulation-based MLS-PDCA facilitates 
students to conduct self-evaluation related to 
the level of understanding and mastery of 
concepts. The existence of self-assessment at 
this stage can motivate students to improve 
progress in future learning to be more 
leverage. Triangulation-based MLS-PDCA can 
train students to increase declarative, 
procedural, and conditional knowledge as the 
part of metacognitive knowledge in problem 
solving, so it has a positive impact on 
improving learning achievement. This 
information is supported by  Bahri and 
Corebima (2017) who shows metacognitive 
knowledge has a greater role when compared 
to learning motivation. In addition, the 
students with a low level of chemistry skills in 
solving a problem did not use metacognitive 
skill of monitoring and evaluating (Ijirana & 
Supriadi, 2018). This fact can cause students to 
fail in solving problems of chemistry.    
 
The MLS used in learning is supported by the 
triangulation method, so it can make students 
accustomed to study chemistry concept using 
chemical representations which are 
considered effective in understanding abstract 
chemistry. The use of chemical representation 
in learning also plays a role in assisting 
students in constructing deep conceptual 
understanding and increasing motivation in 
learning. This is directly proportional to the 
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results of the research   shows that involving 
chemical representations can increase the 
relevance of the concept to scientific 
phenomena in life, foster curiosity and 
learning motivation, and increase deep 
conceptual understanding  (Baptista et al., 
2019). Therefore, MLS-PDCA based 
triangulation has better performance than ELS. 
 

4. Conclusion 

Based on the results and discussion, it can be 
concluded that the implementation of 
triangulation-based MLS-PDCA increases the 
student’s chemistry literacy and learning 
achievement. Triangulation-based MLS-PDCA 
facilitates students to learn meaningfully 
through activity to prepare for learning, 
planning learning strategies, being active in 
learning, and evaluating learning process that 
supported by connecting three types of 
chemical representation (macroscopic, 
submicroscopic, and symbolic) to understand 
chemical phenomena in daily life.  
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