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tests and student independent learning questionnaires. The data
analysis technique used is two-way variance analysis with 3 x 3
factorial design. Based on the results of this researh, we can
concluded that (1) There is a difference in the average of students’
mathematics cognitive skills based on the applied learning model,
(2) There are differences in the average of students mathematics
cognitive learning outcomes based on the level of independent
learning, (3) there is no interaction between Discovery learning
model and independent learning towards students’ mathematics
cognitive skills.
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APAKAH PEMBELAJARAN DISCOVERY DAN KEMANDIRIAN
BELAJAR EFEKTIF DALAM MENINGKATKAN KEMAMPUAN

KOGNITIF SISWA?
ABSTRAK
Kata Kunci: Berdasarkan teori, keberhasilan siswa dalam pembelajaran

ditentukan oleh model pembelajaran yang diterapkan oleh guru
serta kemandirian belajar yang dimiliki oleh seorang siswa.
Penelitian ini adalah penelitian Quasi Eksperimental dengan desain
pretest and posttest design. Populasi penelitian adalah siswa kelas
Xl SMA N 3 Tebo tahun ajaran 2019/2020. Teknik pengambilan
sampel menggunakan Cluster Random Sampling. Instrumen
penelitian yang digunakan adalah tes kognitif matematika dan
angket kemandirian belajar siswa. Teknik analisis data yang
digunakan adalah analisis variansi dua jalur dengan desain faktorial
3 x 3. Berdasarkan hasil penelitian didapat kesimpulan bahwa (1)
Terdapat perbedaan rata-rata kemampuan kognitif matematika
siswa berdasarkan model pembelajaran Discovery Learning, (2)
Terdapat perbedaan rata-rata kemampuan kognitif matematika
siswa berdasarkan tingkat kemandirian belajar siswa, (3) tidak
terdapat interaksi model pembelajaran Discovery Learning dan
kemandirian belajar siswa terhadap kemampuan kognitif
matematika siswa.
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1. INTRODUCTION

Students need to have mathematics skills in facing global challenges, therefore
learning mathematics is very important. Mathematics learning is able to build student
character based on 21st century abilities that can be applied in daily life [1]. Based on the
role of mathematics in this century, mastery of mathematics is considered very important.
But in reality, the process of learning mathematics in the classroom still does not meet
expectations, so that, student mathematics learning outcomes are not optimal [2]. The low
learning outcomes of mathematics is caused by students have difficulty in understanding
mathematics concept and are easily bored during the learning process [3]. In addition, the
knowledge obtained by students from schools is the result of teacher explanations, not from
students’ own searches. Students tend to be silent only when the teacher explains the
material and students are asked to memorize concepts or formulas, so the concepts they
get will be easily forgotten [4]. While ideal learning is meaningful learning, not just
memorizing formulas to solve mathematical problems but students are also able to
construct or build their own knowledge [5].

In learning mathematics, students are encouraged to find the completion of
principles, concepts, and mathematical formulas in accordance with the learning designed
by the teacher. Learning also provide as many opportunities as possible for students to
solve mathematical problems and train students’ potentials to obtain better learning
outcomes [6]-[7]. Teachers must be able to choose innovative learning models, strategies,
approaches, and methods in order to achieve successful mathematics learning [8].
According to Swaak, discovery learning ensures that students take an active role in
building their own basic knowledge. In Discovery Learning, teachers can ask students to
design their own experiments, create their own strategies, solve problems or answer
questions from the teacher [9]-[10]. Based on previous research conducted by Arifin, it
showed that there are differences in the average score of student learning outcomes in
discovery-learning and student learning outcomes in Talking Stick learning [11]. In
Discovery Learning (DL) students are actively involved in learning, so students can get
maximum learning results [12]-[13].

Besides choosing the right learning model, student independence in learning also has
a positive influence on student achievement [14]. Based on Handayani research, the
correlation between independent learning with mathematics learning outcomes is the
higher the level of independent learning, the higher the mathematics learning outcomes of
students [15]. Learning outcomes do not only depend on face-to-face activities. Beside the
structured tasks presented by the teacher, the independence of student learning also
determines student learning outcomes [16]-[19]. Independent learning is one of the
important behaviors in the process of learning mathematics. Therefore, we conduct
research that aims to: (1) find out the difference in average scores of students” mathematics
learning outcomes based on the Discovery Learning model, (2) find out the differences in
average scores of students’ mathematics learning outcomes based on the level of
independent learning, and (3) determine the effect of the interaction of learning models
and independent learning on student mathematics learning outcomes.

2. METHOD

This research is a quantitative research with a quasi-experimental method using
pretest and posttest design [20]. The population in this study were students of class XI of
SMA N 3 Tebo in 2019/2020 academic year. The sample selection used the Cluster
Random Sampling technique because of the absence of a sample frame (list of names of
all members of the population). Figure 1 shows the procedure of this research.
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Figure 1. Research Procedure

In this study, there are two experimental classes and one control class with three
different treatment types. In the experimental class 1 using Discovery Learning assisted
with android applications, the experimental class 2 using Discovery Learning model, and
control class using conventional learning model assisted by android application. Android
application in this study contains mathematical topic with Sequences and Series subject
which is equipped with teaching materials, examples of problems in everyday life, and
videos that can be accessed offline. And conventional learning in this study referred to a
learning that begins with the delivery of material, writing formulas or concepts, giving
examples of questions, and providing exercises for students.

Table 1. Research Design
Independent Learning (B;)
High (B,) Medium (B,) Low (B3)

Learning Model (4;)

Discovery Learning with android application (4,) A,B; A,B, A,B;
Discovery Learning (4,) A,B, A,B, A,B;
Conventional learning with android application (45) AsB, A;B, A3 B,

The moderator variable in this study is independent learning which is divided into 3
categories, high, medium, and low levels of independent learning. To categorize the level
of independent learning, the magnitude of the interval is determined by the following
formula [21].

i = MxS—MnS
- N

)
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With:
i - interval

MxS : Maximum Score
MnS : Minimum Score
N : Number of Category

The instruments used in this research were test instruments and independent learning
questionnaires. The test was used to measure student mathematics learning outcomes in
the cognitive domain. This research also uses an independent learning questionnaire in the
form of a Likert Scale with four answer choices, always, often, rarely, and never. The
independent learning questionnaire items have been validated by experts, the results show
that the independent learning questionnaire is feasible to use. The prerequisite tests
conducted were normality test and homogeneity test. Hypothesis testing uses two-way
variance analysis using 3 x 3 factorial design.

3. RESULTS AND DISCUSSION

The treatment given to the experimental class is the application of Discovery
Learning model that requires students to find information about a topic or concept and
draw conclusions from that information, so that, the concepts they received will last long
in their memory. The learning stages applied in this study are: [22]

- ) Identification Data

Figure 2. Discovery Learning Stages

In the stimulation stage, students are faced with problems that practice the ability to
remember (remember-C1), then, in the problem identification stage, students identify the
relevant problem to be used as a temporary answer (understand-C2). In the data collection
stage, students collect information from various sources or do their own experiments, then,
in the data processing stage, students apply and process the results of information obtained
at the previous stage (applying C3, analyzing C4). At the verification level, students prove
the data by examining it carefully and generalizing it (evaluating C5, creating C6). The
difference in the results of student answers is shown in Table 2 below.

“Problems: Students are asked to formulate the nth term and determine the 10th term of
the sequence of 81,27, 9,3, ... (Cognitive Question C5-Evaluating)”

Table 2. Students Answers

Discovery Learning with
Android Application

Conventional Learning with

Discovery Learning Android Application

(Experimental Class 2)

(Experimental Class 1) (Control)
Based on the question, we Based on the question, we knew: Based on the question, we
knew: U =a=281, knew:
a=81=3*% U,=27,U;=9,U,=3 Numbers 81,27,9,3
27 1 _ .

r=5=5=3 ! So, we will use U,, and U,, formula: S0, we W'” use Uy and Us
formula:

U, = arn-1 U, = arn-1 U =a=81U,=27U;=9
U4 = 3

-1
U, = 3*x (3" )1 U, = 81 x @n b=U,-U, =-54
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4 -n+1 1\10-1
U, = 3*x (3) U10=81><(§) U, =a+®m—1)b
9
U, = 34+ = 81x (% =81+ (n—1)(=54)
U, = 35" = 81 x —— =81+ (—54n + 54)
Uy = 35710 Uy = Z% U, = 135 — 54n
=35 Uy = 135 — 54.10
== =135 — 540
3
1
Uyo = 243 Ujp = —450
@) (b) (©

In experimental class 1, 82,86% (29 out of 35 students) successfully solved the
mathematical problem, one of the students’ answers in experiment class 1 was shown in
column a. Whereas in the experimental class 2, only 81,25% (25 out of 32 students)
succeeded in solving the problem, example of the students’ answers in experiment class 2
were seen in column b. But in the control class, 67.65% (23 out of 34 students) were not
able to distinguish arithmetic or geometric sequences, so, students made mistakes in using
concepts in solving problems. 23 students in the control class used the concept of
arithmetic sequence on the geometric sequence problem. Because in conventional learning,
all concepts are the results of teacher explanations, students are considered to be empty
bottles or white paper so that the transfer of knowledge goes one way. While in Discovery
learning, learning will be meaningful because students are given a stimulus to identify,
collect, and process information in solving mathematical problems, so, the concepts
obtained will last long in memory [23]. Table 3 is data on student mathematics learning
outcomes in the cognitive domain:

Table 3. Learning Outcome Results

Statistic
Class Average  Minimum Maximum
Total
Score Score Score
Discovery Learning Model Learning with

Android Application 77,886 55 96 35

Discovery Learning Model 75,344 51 93 32

Conventional Learning Model with Android

Application 72,206 46 93 34

Based on table 3, we can conclude that the average score of students’ learning
outcomes in experimental class 1 is higher than the average of students’ learning outcomes
in experimental class 2 and control class. And the average score of students in the
experimental class 2 is higher than the average score of students in the control class. The
hypothesis in this study is:

Hy:0? = 62 =02 = - = g2
Hyp302=o/,i#i,i=123,..,a
Signification test:
Feount > Frable: Ho IS rejected, it means there is a difference in variance
Feount < Frable: Ho IS accepted, that means all variances are the same

Hypothesis testing uses two-way variance analysis, the results of the analysis are
shown in Table 4 below.
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Table 4. Test Results of Analysis of Two-Way Variance Dependent Variable: Student Learning
Outcomes in the Cognitive Domain

Source Type 11 Sum of Df Mean Square F Sig.
Squares

Corrected Model 5169.7932 8 646.224 9.648 0.000
Intercept 556719.421 1 556719.421 8311.476 0.000
Learning_Model 423.366 2 211.683 3.160 0.047
Independent_Learning 4215.143 2 2107.572 31.465 0.000
Learning_Model * 301.356 4 75.339 1.125 0.350
Independent_Learning
Error 6162.346 92 66.982
Total 582010.000 101
Corrected Total 11332.139 100

a. R Squared = .456 (Adjusted R Squared = .409)

Based on Table 4 above, the F,,,: Value obtained for the Discovery Learning model
is 3,160. If we compare F.count and Feaple = 3,09 we will get F.ount > Fraple OF 3,160 >
3,09. So, it can be concluded that there are differences in average scores on student
mathematics learning outcomes. The significance value obtained for students’
independent learning variable is 0,000, smaller than the significance value of 0,05 so Ho
is rejected. F.oune fOr learning model*independent learning is 1,125. If we compare
between F.oune and Feple = 2,46, we Will get F.ount < Fraple OF 1,125 < 2,46. The
significance value obtained for learning model*student independent learning is 0,350
which is greater than 0,05, so Ho is rejected. So, it can be concluded that there is no
interaction between Discovery Learning model and the level of student independent
learning towards student mathematics learning outcomes.

The outcomes of mathematics learning in experimental class 1 and the control class
show that Discovery Learning model has a higher impact compared to conventional model.
Suphi’s research showed that there is a significant and positive relationship between
Discovery Learning and student homework based on the cognitive domain of Bloom’s
Taxonomy [24]. Therefore, the application of Discovery Learning can improve student
learning outcomes in the cognitive domain. Discovery learning is feasible to be applied to
mathematics learning because it has a better effect on learning outcomes. Through this
learning, student knowledge is built using discovery techniques in learning and will last
longer in students” memories [25]. After students learn with Discovery Learning, students
are able to express mathematical language coherently, students’ independent learning
competencies develop clearly, and students become more interested in learning
mathematics [26]. Student learning success is also influenced by various factors involved
in all learning activities, including internal factors within students. Good learning
outcomes are influenced by the attitude of students who have an awareness on learning,
so, they are responsible during the learning process [27].

Independent learning is the process of controlling oneself to learn not to depend on
others, being able to take decisions and initiatives to overcome problems without expecting
help from others, and having confidence in carrying out tasks. The results of the
independent learning test in this study indicated there are differences in mathematics
learning outcomes between students who have high, medium and low independent
learning. Students who get high mathematics learning outcomes have high and medium
category independent learning. While students who get low mathematics learning
outcomes are students who have low independent learning category [28]. This is because
students who have high independence will not easily give up, believe in their own abilities,
try earnestly to pursue learning achievement, and are ready to overcome any problems. So
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it can be concluded that the personality of a student who has independent learning has a
positive effect on good learning outcomes.

Discovery learning makes learning focused on students, because the teacher only
acts as a guide and facilitator, students who must try to find their own concepts to hone
students’ scientific thinking skills [29]. Previous research has revealed that students who
have high independent learning are suitable to use the Discovery Learning learning model,
because this learning model requires students to be active in constructing knowledge [30].
While students who have low independent learning will easily adapt to conventional
learning models, this is because students with low levels of independent learning tend to
have low curiosity [31]. Hypothesis test result explains that there is no influence on the use
of learning models and independent learning on student mathematics learning outcomes.
This is in line with Prasetyo’s research which also did not find any interaction between the
learning model with the independence of student learning towards student mathematics
learning outcomes [32].

4. CONCLUSION

Based on the results of the study, it can be concluded that (1) There is a difference
in mathematics cognitive skills of students who learn by using the Discovery Learning
model assisted with Android applications, using the discovery learning model only, and
using conventional learning model assisted by Android application. Discovery learning
assisted by android application made students in experimental class 1 class got an average
score that is higher than students in experimental class 2 who learned with discovery
learning model only or students in the control class who learned with conventional learning
model assisted by Android application. (2) There is a difference in the average score of
mathematics cognitive skills between students who have high, moderate, and low
independent learning skills. (3) There is no effect on the interaction between the Discovery
Learning model and students’ independent learning on mathematics cognitive skills.
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