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Abstract—This study aimed to measure the role of mind mapping in
learning models to improve students' metacognitive skills. The study used a pre-
experimental one group pre-test post-test design, involving 33 students of
science teacher candidates, Science Education Study Program, Universitas
Negeri Malang, Malang, Indonesia, for three meetings. The instruments used
were a mind map assessment rubric and a metacognitive skills essay questions
as many as 15 questions alongside with its assessment rubric. Students were
given a pre-test before learning activities and the same post-test consists of
essays related to metacognitive skills. Research data were analyzed
descriptively and quantitatively using a t-test and correlation analysis. The
results showed: (1) there was increasing scores over mind mapping skills in the
average by each meeting, namely score of 13.91 (Enough), 15.39 (Enough), and
18.18 (Good); (2) the paired t-test results showed the value of t = 9.196, with a
significance of 0.000 <0.05; and (3) the results of the influence analysis of
0.552 showed that mind mapping with metacognitive skills was correlated by
moderate criteria. To conclude, the mind mapping applied in the syntax of
learning models can improve the metacognitive skills of students as science
teacher candidates.
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1 Introduction

The challenge of education in Indonesia is to produce human resources with global
competitiveness. Education in the 21st century requires students to have skills that can
support their activities in the world of work. The skills needed include problem-
solving skills, communication, and metacognitive skills [1]. Metacognitive relates to
activities of organizing information, experiences, goals, and strategies that support
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learning such as solving problems and making decisions [2]. In learning, students are
trained in metacognitive skills to become individuals who are independent, having the
motivation, able to choose learning strategies, and responsible for learning progress
and good decision-makers [3, 4, 5, 6].

Research that examines metacognitive skills has been done, especially related to
learning outcomes [7, 8, 9, 10, 11, 12, 13]. Research that has been conducted by
various methods shows that there is a positive relationship between metacognitive
skills and learning outcomes. Student metacognitive skills do not appear by
themselves but require a training process to make it a habit [14]. Based on these
statements, it is necessary to plan an appropriate learning process with activities and
structured learning environments that can train metacognitive skills [15,16]. Lesson
planning to practice metacognitive skills in this study was carried out using mind
mapping learning strategies as one of the syntaxes of the learning model.

According to Buzan [17], mind mapping is one of the effective and creative ways
to map and record information to make it stored properly in memory. The activity of
making mind maps allows to express managing information by using colors, images
and symbols, involving the right and left brains to work together so that information is
organized, easy to remember, and easy to understand, so that the information belongs
to the students themselves [18, 19, 20, 21]. Mind mapping in accordance with the
workings of the human brain, interlocked, connecting one concept with other concepts
S0 as to create meaning in a concept [22].

The important thing in learning is connecting concepts with phenomena in daily
life. Knowledge about nature and its symptoms can be learned in Natural Sciences
(IPA). Environmental conditions that change and impact on living things are also
studied in science, especially ecology. In a recent development, ecology also
discusses the structure and function of ecosystems and their problems. Hence,
students can practice analyzing and finding solutions for the arising problem.
Ecological problems such as environmental pollution, changes in environmental
functions, the extraordinary growth of one organism that it disturbs other organisms
[23], can be used to practice metacognitive skills. This is related to the
interdisciplinary nature of Ecology, meaning that information is needed from various
interrelated fields. Students practice choosing relevant information to the material
discussed, determine the purpose of learning the material, and reflect on their thinking
activities by drawing conclusions through ecological problems.

Metacognitive skills are important to train students because they help to monitor
cognitive activities, such as planning, monitoring, and evaluating the learning process
[24]. Practicing metacognitive skills can be done using learning strategies such as
mind mapping. This strategy can help to build knowledge, increase student interest to
learn independently [25]. So, in this study, mind mapping is used as the initial syntax
for the learning model developed. Students must read the material first, and the results
are outlined in the form of mind maps. It can also provide students with the initial
provision to attend lectures. The results showed that students' interest in reading the
course material to prepare for further lectures was still very low, which had an impact
on students' initial knowledge during the lecture, still lacking [26].
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Based on the background description, it shows that metacognitive skills are one of
the factors that play a role in the success of student life. Therefore, this metacognitive
skill needs to be trained in learning by using mind mapping learning strategies. The
purpose of this study was to measure the role of mind mapping as one of the syntaxes
in learning models to improve the metacognitive skills of students as science teacher
candidates.

2 Overview

2.1  Mind mapping

Mind mapping that is a technique for visualizing relationships between concepts, is
a reflective tool, which allows students to play colors and make pictures in mapping
material [27]. Structured pictures and diagrams are easier to understand than just
words, and able to describe complex topics, so students can focus on choosing the
main ideas needed to summarize effectively the lesson [28,29]. Using mind mapping
makes a long list of information organized in the form of colorful, regular, and easy-
to-remember diagrams [30,31,18]. Using colors and images in mind maps will make
learning more fun, make it easier to organize ideas, interpret concepts, encourage
brainstorming, improve memory, and facilitate understanding so the learning becomes
meaningful [20,28,32,33,34].

The mind map preparation begins by reading from various sources. Then students
determine the main concepts and sub-concepts, described as branches of the main
concepts [35]. The application of mind mapping is more effective when it is combined
with other techniques, such as illustrations using, color and line play, since the
combination will help build thought processes, so it can improve cognitive memory
up to 32% [36, 37, 38]. A good mind map can be in the form of drawings using paper
and pencil, produced through student involvement in the processing of material
information in depth, thereby adding to the learning experience, understanding of the
material, and as an effort to build student’s knowledge itself [21, 39, 40]. For
teachers, mind mapping can be used to map teaching resources to prepare and monitor
lectures [41].

The results show that mind mapping is a creative way of guiding and directing
students in learning to remember the main concepts and create a learning environment
to help processing information [40, 42].

2.2 Metacognitive skills

Metacognitive activities are basically thinking activities about thinking, such as
planning, prediction, reflection, and evaluation of actions taken, so they can control
activities consciously about their own cognitive processes [3, 43, 44]. Metacognitive
skills have a contribution to cognitive learning outcomes and learning success, so
these skills need to be trained on students [45, 46]. This skill training requires a
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structured learning environment to support the development of high-level cognitive
skills from science students, such as problem solving and metacognitive [47, 48, 49].

Keiichi's research [50] states that metacognitive skills have an important role in
solving problems. Students will be more skillful at solving problems if they have
metacognitive skills. Metacognitive skills can be trained by reading, especially when
determining the main idea of a passage. During the reading, there is a self-regulated
learning process by which it enhances metacognitive skills through information
sharing activities both in-groups and in-class discussion [2, 51, 52, 53, 54]. The
results of other studies show that if metacognitive skills are trained through inquiry
and a well-designed learning environment, it can affect high-level thinking skills,
improve metacognition abilities and learning outcomes, also grow students'
independence in learning [5, 14, 11, 12, 55, 56, 57].

2.3 Learning model

The learning model describes the learning environment that guides the teacher to
achieve certain learning outcomes through the teacher's activities when implementing
the model [58, 59, 60]. Based on the model definition according to experts, in this
study, the intended learning model is a guide for lecturers in behaving to provide
learning experiences and environment to students. The learning model is designed
based on student characteristics and the need to achieve certain learning outcomes.
According to Arends [61], the characteristics of the learning model are:

e Having a theoretical and empirical foundation that is explicitly compiled by the
developer

¢ Designed to achieve certain learning outcomes

o Having the syntax or stages of learning

¢ Managing the learning environment, so the objectives learning is achieved.

3 Method

This research was a pilot project without using a comparison class to see the role of
mind mapping strategies in learning models to improve metacognitive skills. The
research design used was the One Group Pre-test Post-test Design. The research used
33 students of second-year science teacher candidates, the academic year of
2017/2018, Universitas Negeri Malang. The instrument used was a mind map
assessment rubric and 15 questions with metacognitive skills essay questions along
with their assessment rubrics. Previous essay questions had been validated
empirically. Calculation of validity using Biserial correlation results, scored 0.60
(valid) and reliability result using Cronbach's Alpha results scored 0.67 (high). Data
obtained from the mind map scores three meetings and metacognitive skills test
results before and after learning. Mind map scores are defined by the criteria 0-10:
less; 11-15: enough; 16-20: good; 21-25: very good. A paired t-test was employed to
measure the significance of mind-mapping towards metacognitive skills. Also, the
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strength of mind mapping towards metacognitive skills was measured using
correlation analysis.

4 Findings and Discussion

Research activities by applying mind mapping in the syntaxes of learning models
to practice metacognitive skills were done by giving the task of reading material to
students before attending lectures in class. The results of the reading activities in the
form of mind-mapping at each meeting as shown in Figures 1 and 2.

Fig. 2. Student mind map of the food chain (left) and the food web (right)

Figures 1 and 2 illustrated the mind map of the material of the ecosystem, the
community, the food chain, and the food web. The completeness of mind maps
showed the reading activities done before making the mind map ran effectively. Mind
maps that were arranged contain keywords and symbols that were meaningful in
accordance with the material, associated with curved lines and various colors.
Students had to determine the main concepts from various sources of reading, the sub-
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concepts, and information that supports [27]. In this study, on each meeting, students
had to create a mind map as a result of reading the material before beginning the
lecture. Mind maps would be given a score based on the assessment rubric. A mind
map score for each meeting was presented in Table 1.

Table 1. Average Mind Map Scores for Each Meeting

Material Average Criteria
Community 13.91 Enough
The ecosystem 15.39 Enough
Food chains and food webs 18.18 Good

The main branches and levels below were given a different color to make it easier
to recognize the main concepts and sub-concepts, using variations of curved lines and
each subject line were given keywords. This technique provided space for students to
capture the essence of concepts by writing keywords and linking one concept with
another concept [62, 63]. Mind mapping is a process that begins learning. Mind
mapping that has been arranged was presented in front of the class, to orient students
on the material being studied and identify information that is not relevant to the
material. The outline of the material contained in a student's mind map was learned
through discussion in learning.

Students are given the same metacognitive skills essay test, before and after
learning. Examples of metacognitive skills tests used are shown in Table 2.

Table 2. Examples of Metacognitive Skill Questions Used

Indicators Questions

Provided articles from newspapers from sources:
https://internasional.kompas.com/read/2017/03/23/12302411/warga.austral
ia.selatan.kewalahan.hadapi.serbuan.kaki.seribu about millipede attacks in
an area that causes problems for the population. Based on the article, why
does the millipedes' movement towards houses need to be anticipated?
Millipedes’ attacks cause problems for the population, because they cause
disgust, distinctive odors, and crowding on the railroad tracks that cause
slippery. Write down the relevant information to help solve the problem of

Determine the destination
(Metacognitive Skill 1)

\Write down relevant
information (Metacognitive

Skill 2) millipedes” attacks!
Make conclusions Based on the problems caused by millipedes, write conclusions about how
(Metacognitive Skill 3) to deal with millipedes’ attacks!

The results of students' metacognitive skills tests compared between the pretest and
posttest scores were shown in Table 3.
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Table 3. Comparison of Pre-test and Post-test Scores for Each Metacognitive Skill Indicator

Indicators Activity N Score Average SD

Determine the destination Pre test 33 2.0 05
Post test 33 3.0 04

Write down relevant information Pretest 33 19 04
Posttest 33 2.3 0.3

Make Conclusion Pre test 33 2.0 05
Post test 33 2.7 0.3

The data in Table 3. showed that metacognitive skills had increased mean scores
from pretest to posttest, and decreased standard deviation from pretest to posttest.
Indicators writing goals were very important to practice. Students who are able to set
goals in learning by choosing and using learning strategies will achieve success in
learning [64]. Learning requires relevant information and the skills to choose the
information that is in accordance with the main concepts, so a knowledge that is
interconnected will be obtained. Knowledge mapping using mind mapping can train
students to organize information by making connections between concepts, thereby
helping to build knowledge, increase student involvement, and focus on learning [65,
66].

Another metacognitive skill being trained was making conclusions. This indicator
was trained by connecting images and information from the material being studied.
Matching images and information in a mind map will help in drawing conclusions
[35]. It was concluded that a learning process by making representations from sources
of information [67]. The descriptive calculation of the results of the metacognitive
skills test is presented in Table 4.

Table 4. Results of Descriptive Statistics

N Minimun Maximum Mean SD
Pretest 33 23.30 63.30 49.08 9.45
Post test 33 53.30 76.70 65.54 5.55

The results of the metacognitive skills test with the average pretest metacognitive
skills were 49.08 (SD = 9.45) and the average post-test of metacognitive skills was
65.54 (SD=5.55). The data showed that there was an increase in the average
metacognitive skills of prospective science teacher students in Ecology lectures by a
learning model that implements mind mapping in its syntax. The mind map was a
product of reading the material before the lecture begins. The course material was
read, the main concepts were selected, and their supporting explanations were set
forth in the form of mind maps, so they were easier to learn. The activities related to
marking the main concepts and giving symbols accompanied the reading process.
This was related to reading is an effective activity to practice metacognitive skills
[68]. The main concepts and details supporting the main concepts interrelated,
realized in the form of mind maps so that it became a whole concept [35,69]. The
mind mapping activity was chosen because it made it easy to make a summary of the
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material and facilitate students to remember the knowledge and linkages of supporting
information [27,63].

Based on the comparison of the pretest and posttest values and the calculation of
descriptive statistics, the significance of the role of mind mapping in the learning
model was known by conducting a paired t-test presented in Table 5.

Table 5. Paired t-test Results

Std. Error Sig.
Mean S.D Mean to| df (2-tailed)

Post test_Metakognitif — Pre

test_Metacognitive 16.46 10.28 1.78 9.196| 32 .000

Paired t-test results with a significance level of 0.05 in Table 5 show the value of t
= 9.196, with a significance of 0.000 < 0.05, it can be stated that mind mapping
played a significant role in learning models to improve metacognitive skills. The
correlation of mind mapping to metacognitive skills in learning was shown in Table 6.

Table 6. Correlation Analysis of Mind Mapping on Metacognitive Skills

Mind Mapping Metacognitive Skill
Pearson Correlation 1 .552*
Mind Mapping Sig. (2-tailed) .001
N 33 33
Pearson Correlation .552*
Metacognitive Skill l?lig. (2-tailed) .001 313
33

*Correlation is significant at the 0.01 level (2-tailed)

The results of the correlation analysis showed a positive relationship between mind
mapping with metacognitive skills, with a correlation of 0.552 moderate criteria [70].
This showed that mind mapping played a key role in practicing metacognitive skills in
learning. The better students made mind maps, the more the students’ metacognitive
skills increase. Indeed, mind mapping allowed students to do a series of academic
activities that enhance the learning by themselves through reading, underlining the
main concepts, choosing the relevant information, and drawing a conclusion from the
material being studied. As an inevitable result, mind mapping can be highly integrated
with learning models to encourage students' ability to map thoughts, explore
relationships between information, improve thinking skills, stimulate creative
thinking, and generate brilliant ideas [71, 72, 73].

5 Conclusion

Based on the results of the analysis and discussion, Mind mapping can be used as a
strategy to train metacognitive skills through learning, because it significantly
influences the results of the metacognitive skills test, shown by improved
metacognitive skills test results. Based on the role of mind mapping of the
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metacognitive skills shown in this study, mind mapping is used as a syntax in the
learning model.
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