
Jurnal Analisa  6 (1)  (2020)     40-46   
http://journal.uinsgd.ac.id/index.php/analisa/index   
p-ISSN : 2549-5135  e-ISSN : 2549-5143 
  
 

 
 

Statistical reasoning through metacognitive brain-based learning 

 
W Susilawati1, R Abdullah2 dan M N Abdullah3  

1,3  Department of Mathematics Education, UIN Sunan Gunung Djati 
Bandung, 

2 Department of Da'wah and Communication of UIN Sunan Gunung Djati 
Bandung,   

 *wati85@uinsgd.ac.id 
 

Received: 07 April 2020 ; Accepted: 15 Mei 2020 ; Published: 20 Juni 2020 

___________________________________________________ 
 

Abstrak 
 
Rendahnya kemampuan penalaran statistik mahasiswa, menuntut inovasi pembelajaran yang bermakna. 
Tujuan paper menganalisis kemampuan penalaran statistik mahasiswa melalui pembelajaran brain-based 
learning dengan strategi metakognitif. Metode Quasi Eksperiment, Nonequivalent Pretest-Posttest Control 
Group design, melibatkan sampel dua kelas mahasiswa Semester III Universitas Swadaya Gunung Djati 
Cirebon. Instrumen tes penalaran  statistis, dan Tes pengetahuan awal statistik. Hasil penelitian 
menunjukkan adanya  peningkatan kemampuan penalaran statistik antara mahasiswa yang melaksanakan 
brain-based learning dengan strategi metakognitif berada pada kategori pandai, lebih tinggi dari mahasiswa 
yang pembelajaran ekspositori berada pada kategori cukup.  Berdasarkan pengetahuan awal statistis 
(pandai, cukup, lemah) mahasiswa yang melaksanakan brain-based learning dengan strategi metakognitif, 
lebih tinggi dari mahasiswa yang pembelajaran ekspositori. Terdapat interaksi antara jenis pembelajaran 
serta kategori pengetahuan awal statistis terhadap peningkatan kemampuan penalaran statistis mahasiswa. 
Pembelajaran brain-based learning dengan strategi metakognitif dapat memfasilitasi proses konflik, 
penemuan, interaksi sosial, dan proses reflektif mahasiswa sehingga kemampuan penalaran statistis 
mahasiswa lebih baik dari pada pembelajaran ekspositori. 

 
Kata kunci: pembelajaran aktif, metakognitif, penalaran statistik 

        
 

Abstract 
 

The low ability of students' statistical reasoning needs a promising learning innovation. The aim of this 
paper is to evaluate students' learning abilities through brain-based learning with metacognitive strategy. 
The Quasi Experiment Method, Nonequivalent Pretest-Posttest Control Group design, involved a sample of 
two classes of third semester students from Gunung Djati Swadaya University Cirebon. Instruments of this 
paper are statistical reasoning test and statistical preliminary knowledge tests. The result shows an 
increase in the ability of statistical reasoning among students who conducted brain-based learning with 
metacognitive strategy in the smart category, higher than students who applied expository learning 
strategy that only classified as the moderate category. Based on initial statistical knowledge (low, middle, 
and high) students who applied brain-based learning with metacognitive strategy, got a higher level than 
students who applied expository learning strategy. It shows interaction between the type of learning as 
well as initial statistical knowledge with the escalation of the ability of statistical reasoning. Brain-based 
learning with metacognitive strategy facilitates the process of conflict, discovery, social interaction, and 
reflective processes of students. Therefore, students abilities of statistical reasoning are better than 
expository learning strategy. 
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1. INTRODUCTION 

 
Statistics plays an important role in life. It is 
widely used by the community, from activities 
in laboratories, research, psychology, medical 
personnel, journalists and political observers. 
Moreover, statistics are used by industrial 
companies in the world to get the best results. 
Japan is one of the country that has 
successfully applied statistics, especially to 
enhance the marketing opportunity with a 
variety of products such as cars, motorcycles, 
and other electronic goods (Rosidah, 2016). 
 
Higher education curriculum is designed with 
the aim of producing the best quality graduates 
that matches the qualifications in the National 
Qualification Framework. Curriculum 
development strategies facilitate students to 
develop the knowledge as well as to become an 
achiever and to master various fields of 
knowledge. Moreover students are required to 
be able to apply their ability and knowledge 
that they need in their daily lives, including 
statistics. In accordance with Garfield's opinion 
(Nurhairiyah & Benefit, 2013) one’s ability to 
form a statistical material will help the students 
to understand basic concepts, logic of statistical 
reasoning, practical ability of choosing, 
producing and interpret descriptive and 
inferential method in a correct way. Statistical 
reasoning is a form of reasoning associated 
with probabilistic numeric. 
 
Statistical reasoning can be utilized in the 
process of conclusion and decision making in 
conditions that cannot be expressed from the 
standpoint of probability that widely known 
and recognized. In order to develop statistical 
reasoning, needs another reasoning to deepen 
about how people learn statistics. It will require 
a statistician who understand psychology and 
behavioral science, as a result, it will be 
obtained in-depth knowledge and make 
significant changes, Scherkenbach (1991); 
Snee, (1993); (Martapura 2012). Significant 
changes will require the involvement of the 
American Statistical Association (ASA), 
leaders, individuals, groups, departments, 

universities, and etc. Statisticians have long 
recommended that scientists to use statistical 
reasoning to improve their work. It is time for 
statisticians to practice and utilize what they 
know about behavioral science and how people 
learn to improve the content and the way of 
delivering statistical education, Snee, (1993); 
(Martapura 2012). 
 
Statistical reasoning is defined as a way of 
reasoning using statistical ideas, and it can be 
understood from statistical information 
including; the making of interpretation based 
on data, data representation, or summary of 
data collection, a form of statistical reasoning 
can be a combination of ideas about data and 
opportunities, such as inference and 
interpretation of statistical results (Nisa, 
Zulkardi, Susanti (2019). According to Yusuf 
(2017) statistical reasoning specifically predict 
phenomena that occur based on data collection 
results from measurements to interpret, 
understand, and make good decisions, so that 
statistical reasoning consists of structural, 
unistructural, multistructural, and relational. 
 
Chan and Ismail (2014) state that there are 
four concepts in the assessment of statistical 
reasoning such as: describing data including 
perusing raw data or data presented in tables, 
diagrams or graphs, organizing and reducing 
data including compiling, classifying or 
combining data into concise form , 
representing data includes presenting data into 
graphical form and involves basic rules relating 
to representation, analyzing and interpreting 
data including recognizing trends and shapes 
as well as making conclusions or predictions 
from data. 
 
The ability of statistical reasoning is very 
important to be owned and developed. 
Empirically, the facts show that the statistical 
reasoning ability of students is still low. This is 
seen from the results of a preliminary study 
conducted over several semesters of students, 
showing that the students' statistical reasoning 
ability is still in the low category. This can be 
seen from 37 students, 30 students still have 
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difficulty in solving reasoning questions that 
must be accompanied by reasons and questions 
that are not simple (involving various 
concepts). Only 7 students can solve these 
problems. In other words, only 25% of students 
are able to solve statistical reasoning problems. 
Maryati's (2017) research results shows that 
one of the difficulties of students in solving 
statistical problems is to conclude. 
 
One of alternative that is thought to be able to 
overcome these problems is to apply brain-
based learning with metacognitive strategies. 
There are several advantages of integrating a 
brain based learning approach with 
metacognitive strategies such as, the learning 
process is setted to facilitate interaction 
between students to actively thinking of the 
constructing, planning problem solving that 
arises through interaction with the 
environment, so that metacognitive as a 
stimulus in thinking is able to link, plan, 
understand, control, and assess the process 
authentically, according to contextual issues 
(Susilawati 2017). The BBL syntax model with 
metacognitive strategies are: (1) pre-exposure, 
(2) preparation, (3) initiation and acquisition, 
(4) elaboration, (5) incubation and inserting 
memory, (6) verification and checking of 
beliefs, and ( 7) celebration and integration, 
Uzuntiryaki-kondakci, Capa-Aydin (2013). 
Ulfah (2013) states that statistical reasoning 
with contextual learning is better than 
conventional learning. 
 
In the Brain Based Learning setting,  sitting 
position of the students correlates with the 
value that obtained, according to the result of 
Kausar, F (2019); Chandran, R. (2015); Boeren, 
E. (2017). Cuseo, J.B., Thompson, A., 
Campagna, M., & Fecas, V.S. (2016); D'souza, 
G. A. (2018); (Ibáñez, V., Pérez, S., Silva, J., & 
Tamarit, S. (2019) that the choice of seating 
positions in the classroom can reflect student 
motivation, which influences learning 
outcomes, the habit of seat selection in the 
front row tends to avoiding the noise of their 
classmates in following the lessons. 
Comfortable learning settings will help to 

facilitate the work of the brain to optimally 
connecting the knowledge possessed with the 
material that being studied (Jensen, 2008). 
 
Learning with metacognitive strategies is 
learning that instills an awareness of how to 
design, monitor and control about what they 
know, what is needed to do and how to do it 
(Maulana, 2008). The metacognitive strategy is 
carried out in three stages, namely the 
conscious learning process stage, the learning 
planning stage, the monitoring and the 
learning reflection stage (Romli, 2009). 
Metacognitive can be assessed using a 
questionnaire to report students' perceptions 
and problem-solving abilities, Downing, 
(2009); (Namira, Kusumo, Prasetya, 2014). 
 
Explicitly the aim of the study was to analyze: 
increasing the ability of statistical reasoning 
between students who took brain-based 
learning with metacognitive strategies and 
expository learning based on overall students 
and the Preliminary Knowledge Statistics 
(PAS) of students at the level of smart, 
moderate and weak. Analyzing the interaction 
between types (brain-based learning with 
metacognitive and expository strategies) and 
Based on initial statistical knowledge (low, 
middle, and high)  categories to increase 
students' statistical reasoning abilities. 
 
2. METHOD  

 
Quasi-experimental method. nonequivalent 
pretest-posttest control group design. Involving 
a sample of third semester students of Gunung 
Djati Swadaya University Cirebon who took 
educational statistics courses, class A was an 
experimental group carrying out brain-based 
learning with metacognitive strategies and 
class B as a control group carrying out 
expository learning. The instrument of 
statistical reasoning ability tests. Data analysis: 
Independent t-test, Adjusted Rank Transform 
Test, two-way ANOVA.  
 

3. RESULT AND DISCUSSION 
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To see the difference in increasing statistical 
reasoning ability between groups of students 
who carry out brain-based learning with 
metacognitive strategies and who get 
expository learning, data processing is 
performed, the results of statistical reasoning 
ability tests from the pretest and posttest 
scores obtained the value of n-gain test for 
statistical reasoning ability. The average n-gain 
test for statistical reasoning ability of students 
who carry out brain-based learning with 
metacognitive strategies gets 0.55 in the smart 
category, better than students who carry out 
expository learning with a value of 0.19 in the 
moderate category. 

 
After going through a series testing data tests 
the ability of statistical reasoning is normally 
distributed and has a homogeneous variance. 
Then the Independent t-test is performed. 
Independent t-test results for statistical 
reasoning ability tests are presented in Table 1. 
 

Tabel 1. Independent t-test 

t-test For Equality of Means 

T dF 
Sig. (2-
tailed) 

Mean 
Difference 

-5.687 75 .000 -.42037 

 
The results of the t-test with the help of SPSS, 
can be seen in Table 1 with the Sig. (2-tailed) 
that shows 0,000 <0.05,  in that term, H_0 is 
rejected. It means that there is a difference in 
the increasing of statistical reasoning ability 
between students who carry out brain-based 
learning with metacognitive strategies and who 
get expository learning. 
 
Testing the differences of the improvement of 
statistical reasoning abilities based on the 
Based on initial statistical knowledge (low, 
middle, and high). The assumption of 
normality and homogeneity of variance is need 
to fulfill. The results of normality tests on these 
abilities show that there is an abnormality at 
the PAS level, Whereas the variance is 
homogeneous. Due to the normality 
assumption on the data gain of statistical 
reasoning ability is not fulfilled, two-way 

ANOVA test cannot be performed. As an 
alternative, nonparametric rules can be used 
with the Adjusted Rank Transform Test or it 
can also use the Puri and Sen Aligned Ranks 
Technique (L Test) enhanced by Harwell & 
Serlin to become Aligned Ranks Technic (L 
Test) in Trace Criterion Form, (Susilawati 
2017). 
 
Hypothesis testing using the Adjusted Rank 
transform Test if the Sig. greater than α, for α 
0.05, then H0 is accepted, vice versa if the Sig. 
smaller than 0.05, then H0 is rejected. The 
results of the recapitulation of data testing the 
interaction between learning and Based on 
initial statistical knowledge (BISK) on the 
ability of statistical reasoning can be seen in 
Table 2. 
 

Tabel 2. Adjusted Rank Transform Test 

The Ability of Statistical Reasoning 

Sour
ce 

df 
Mean 

Squaar
e 

F Sig 
Desici 

on 

BBL 
Met 

1 
1726,77

0 
48,69

4 
0,000 Significant 

BISK 2 
11398,6

48 
321,43

8 
0,000 Significant 

BBL 
Met* 
BISK 

2 615,909 17,368 0,000 
Ho is  

rejected 

 
Based on Table 2 for the type of metacognitive 
BBL learning gives a significant effect on the 
ability of statistical reasoning with the Sig. 
(0,000) smaller than 0.05. The same thing also 
happens at the PAS level which significantly 
influences the ability of statistical reasoning as 
indicated by the Sig. (0,000) which is less than 
0.05. For the interaction test, based on the type 
of learning and the level of PAS on the ability of 
statistical reasoning that the value of Sig. 
(0,000) is smaller than 0.05, so it is concluded 
to reject Ho. It means that there is a significant 
difference in the achievement of statistical 
reasoning ability between brain-based learning 
students with metacognitive strategies and 
those in expository learning reviewed by PAS. 
According to the results of Burger, William F. & 
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Shaughnessy, J. Michael. (1986); (Susilawati 
2019) research that the initial knowledge of 
statistics influences the characteristics of the 
development of statistical thinking skills 
possessed by students before the process of 
learning. According to the result of Putra 
(2015) research, the students' initial statistical 
knowledge has a low impact on statistical 
reasoning ability. Furthermore Hevriansyah 
and Megawanti (2016) research shows that 
there is a significant influence between 
students' initial knowledge of statistics on 
learning outcomes. 
 
Based on table 2 for the effect of the interaction 
of learning and Based on initial statistical 
knowledge (low, middle, and high) types on the 
ability of statistical reasoning, the Sig. 0,000 
<0.05, then H0 is rejected, it means that there 
is an interaction effect of the relationship 
between the types of metacognitive BBL 
learning with the level of Based on initial 
statistical knowledge (low, middle, and high), 
which affects the ability of student statistical 
reasoning. According to Maron, (2016); 
Susilawati, (2019) research results, the learning 
that is carried out in a social constructivist 
manner, creates, and develops knowledge 
through assignments, is not the result of 
receiving information only from the teacher, 
even in modern conditions, it is professionally 
cannot rely solely on self-acquired knowledge, 
the involvement of other teachers and students 
reconstruct the concept of learning materials to 
overcome conflicts as well as the practice of 
completing ongoing tasks is very much needed. 
 
4. CONCLUSION  

 
The Increasing of statistical reasoning ability 
between students who applied brain-based 
learning with metacognitive strategies in the 
smart category is higher than students who 
applied the expository learning that only 
classified as the moderate category. Based on 
the initial statistical knowledge (low, middle, 
and high) students who carry out brain-based 
learning with metacognitive strategies, higher 
than students whose learning expository. There 

is an interaction between the types of learning 
as well as the category of initial statistical 
knowledge with improvement of students' 
statistical reasoning abilities. Brain-based 
learning with metacognitive strategies can 
facilitate the process of conflict, discovery, 
social interaction, and reflective processes of 
students so that students' statistical reasoning 
abilities are better than expository learning. 
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