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This study aimed to analyze the effect of problem-based learning on metacognitive abilities in the conjecturing process of junior
high school students. To reach this purpose, a mixed-methods design, which is a combination of quantitative and qualitative
methods, was used. The quantitative method was used to analyze the metacognitive abilities of the students’ conjecturing process,
while the qualitative method was used to explore observation and interview data. The subjects of this study consisted of 60 eighth-
grade students. Two learning models were compared, namely the problem-based learning model and the conventional learning
model. The metacognitive abilities of students’ conjecturing process were measured by a pattern generalization problem-solving
test. After collecting the data and analyzing them through the independent-samples t-test, it was revealed that the PBL had a
significant effect on the metacognitive abilities of students’ conjecturing process in solving pattern generalization problems.

Finally, based on the results, some conclusions and implications were suggested.

1. Introduction

Metacognitive studies have become a crucial issue dis-
coursed in the educational division recently [1, 2]. Meta-
cognitive abilities are an indicator emphasized in achieving
learning goals because they can encourage higher-order
thinking skills. It also involves student activeness, building
students to be independent, asking well, seeking answers to
questions, and finding answers independently [3-5]. Met-
acognitive ability is a part of higher-order thinking skills and
refers to controlling, monitoring, and self-regulating ac-
tivities while learning and solving problems [6, 7]. With
metacognitive abilities, students can manage their in-
volvement in assignments and seek to optimize learning
processes and outcomes. For example, when students face

obstacles in solving problems, they are able to rethink and
revise according to the target task objectives [3]. It is in line
with Anderson and Krathwohl [8], who define three indi-
cators of metacognitive abilities, namely (1) planning, (2)
evaluation, and (3) monitoring.

Students’ metacognitive abilities can be seen from the
students’ ability to solve any problems faced in everyday life.
Metacognition is closely related to problem-solving. Meta-
cognition arises when a person encounters an unknown
problem, uncertainty, question, or dilemma [9]. With met-
acognition, students can solve their problems because they
recognize problems that need to be resolved, see the problem,
and understand how to achieve goals or solutions [4].

Problem-solving is an important issue in constructivist
learning. Regarding content standards for primary and
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secondary education, the Minister of Education and Culture
in 2013 believed that problem-solving is part of the
knowledge competencies that must be possessed by the
eleventh-grade students. According to, problem-solving is
the center of inquiry and application that should be em-
bodied in the mathematics curriculum to provide a context
for learning and application of mathematical ideas. Prob-
lem-solving plays an important role in the curriculum for
several reasons: (1) it can build new mathematical knowl-
edge, (2) it can solve problems that arise in mathematics and
in other contexts, (3) it can apply and adapt various
problem-solving strategies, and (4) it can monitor and reflect
on the process of solving mathematical problems.

Some previous studies have revealed that students’
metacognitive skills in Indonesia are still at the lowest level
[3, 10-12]. Even the metacognitive abilities of elementary
school teacher candidates are still at a low level [13]. This fact
is very sad because the metacognitive activity is a strong
indicator of a person’s cognitive development and a de-
terminant in achieving learning goals, so this problem needs
to be found a solution.

One of the factors that cause students’ low metacognitive
abilities is learning activities designed in the form of teacher-
centered activities and activities emphasized on cognitive
aspects. In addition, metacognition is closely related to
problem-solving. Metacognition occurs when a person
encounters unknown problems, uncertainties, questions, or
dilemmas.

One of the mathematical problems associated with
metacognition activities is the problem of pattern general-
ization [13, 14]. Pattern generalization is an important aspect
of mathematics contained in every topic and is something
that is highlighted in teaching at almost all levels [15].
According to Kuchemann, generalization must be the core
of mathematical activities in schools [16].

In solving the problem of pattern generalization, a
conjecturing process occurs. The conjecturing process is a
mental activity in building conjectures. A conjecture is a
statement about all possible cases based on empirical facts
but with an element of doubt [17]. It is further explained that
the stages of the conjecturing process are observing cases,
organizing cases, looking for and predicting patterns, for-
mulating conjectures, validating conjectures, generalizing
conjectures, and justifying generalizations. In solving the
problem of pattern generalization, a conjecturing process
occurs. From that process, there is metacognitive activity.

One solution to improving students’ metacognitive
abilities is through student-centered learning activities
such as problem-based learning. The problem-based
learning (PBL) syntax directs students to think, analyze,
research, and compile research reports. Problem-based
learning has five syntaxes, namely (1) student orientation to
the problem, (2) organizing students to learn, (3) guiding
individual or group investigations, (4) developing and
presenting work results, and (5) analyzing and evaluating
problem-solving. The investigation stage, which is carried
out independently or in groups, is at the core of the PBL
model. Activities carried out by students at the investigative
stage include the process of collecting data, making
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hypotheses, and providing solutions so that problem-
solving skills can be developed and trained.

Previous studies have proven that PBL-based learning
affects critical thinking skills, problem-solving, and writing
skills [11, 18, 19]. PBL increases student self-confidence,
creates a supportive environment for group work, improves
interpersonal communication and critical thinking skills,
and builds self-awareness [20, 21]. PBL is a learning model in
which relevant problems are introduced at the beginning of
the learning cycle and are used to provide context and
motivation for students [22, 23]. PBL requires an active
condition and usually involves various activities. According
to Aldarmahi [20], PBL is useful for students in constructing
knowledge, developing reasoning processes, improving in-
dependent learning skills, and increasing intrinsic learning
motivation. PBL can increase motivation and develop
problem-solving skills [22, 24, 25].

The implementation of problem-based learning can
improve students’ metacognition and reasoning skills
[26-28]. Although there are many studies investigating the
effect of problem-based learning (PBL) on higher-order
thinking skills, including metacognition, these studies are
limited and have not analyzed the effect of PBL on met-
acognitive abilities in the conjecturing process in solving
pattern generalization problems. Furthermore, this study
makes a valuable contribution to the mathematics edu-
cation literature, especially in terms of the application of
PBL to metacognitive abilities in the student’s conjecturing
process. In this study, researchers tried to analyze differ-
ences in metacognitive abilities in the conjecturing process
between students who learned through the PBL model and
those who learned through the conventional learning
models. Thus, this study aimed to answer the following
research question:

RQ. Does problem-based learning have any significant
effect on the metacognitive ability in the conjecturing
process of junior high school students?

2. Literature Review

2.1. Problem-Based Learning. Problem-based learning (PBL)
is a learning model that provides learning materials in a
contextual and realistic manner. Problem-based learning
(PBL) requires students to work in groups to solve real-
world problems. PBL is a student-centered learning model
which provides various real-life problems for the students
[29]. PBL provides the right learning environment to im-
prove students’ metacognitive and scientific reasoning [27].

The use of PBL, especially in learning mathematics, is to
develop effective thinking skills, problem-solving skills, and
independent learning. PBL syntax can encourage students to
develop critical and metacognitive thinking skills [26-28].
The process of problem-solving in learning requires
thinking, analyzing, evaluating, and generating ideas, which
in turn trigger metacognitive skills.

Problem-based learning has five syntaxes, namely (1)
student orientation to the problem, (2) organizing students
to learn, (3) guiding individual or group investigations, (4)
developing and presenting work results, and (5) analyzing
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and evaluating problem-solving. The five stages in PBL,
starting from giving problems and conducting investigations
in groups to the stage of evaluating, can improve meta-
cognitive abilities. PBL is a meaningful learning model that
involves students in solving tasks so that it can improve
students’ metacognition and reasoning skills [26-28].

2.2. Metacognitive Ability. Higher-order thinking skills in-
clude critical, logical, reflective, metacognitive, and creative
thinking. Metacognition includes awareness of one’s
thinking processes, self-monitoring, and application of
heuristics and steps to thinking. Metacognition occurs when
a person encounters an unknown problem, uncertainty,
question, or dilemma. Metacognition can also be defined as
the ability to think about what has been thought, which
includes three activities, namely awareness, regulation, and
evaluation [30].

Metacognition is an important component in learning
that involves guiding and managing learning activities [31].
Several previous studies have reported that metacognitive
abilities affect students’ mathematical abilities [32, 33].
Learning that involves metacognitive activities can motivate
students to think with logical reasons. Through meta-
cognitive scaffolding, students build meaningful new in-
sights, knowledge, and skills. Students in small groups can be
motivated to overcome conflicts and contradictions that
arise when discussions occur, and they build new, more
appropriate knowledge.

Metacognitive activities are the main goal of learning.
Metacognition is an important component and must be
there in the learning process because metacognition is an
ability that must be raised, starting in the initial, core, and
final activities [34]. In the learning process, the ability to
think the metacognitive strategies should be emphasized
from the elementary levels to high school levels. Even
Permendikbud No. 20/2016 enacted that the metacognitive
aspect was one of the important components in the
competency standards of Indonesia’s basic education
graduates.

Primary school students’ metacognitive abilities are
formed due to their habits and experiences that are often
involved in problem-solving activities. Problem-solving can
challenge children’s understanding and involve them in
thinking more [35]. Piaget, in his theory, also states that
children’s metacognitive abilities develop through their
awareness that grows in various points of view and expe-
riences of self-conflict. Students who often learn to control,
monitor their progress, become aware of the relationship
between new information and what is already known, plan,
and choose strategies are able to lead to success in solving
problems.

2.3. Conjecturing Process. The seven stages describe the
inductive reasoning process from Cafiadas and Castro as one
type of conjecturing process, namely the empirical induction
of finite numbers of discrete cases [36]. The term conjec-
turing process referred to in this study is the empirical
induction-type conjecturing process from finite numbers to

discrete cases. In their research, Cafiadas et al. [17] analyzed
the types and stages of the conjecturing process that are
familiar in mathematics education, which is the result of the
collaboration of four countries, namely Australia, Canada,
Spain, and Ukraine.

Sutarto et al. [37] describe seven stages of the conjec-
turing process. Those are (1) observing cases is the initial
activity carried out on certain cases of the problems pre-
sented, (2) organizing cases is an activity that involves using
strategies to systematically organize objects and facilitate
work in certain cases, (3) finding and predicting pattern is an
activity when observing a repetitive and regular situation,
and imagining that the pattern may apply to the next un-
known problems, (4) formulating conjectures is the activity
of making statements based on empirical facts, but with an
element of doubt, (5) validating conjectures is an activity
that done to justify the resulting conjecture based on certain
cases but not in general, (6) generalizing conjecture is an
activity about changing beliefs related to the resulting
conjecture that the conjecture is generally valid, and (7)
justifying generalization is an activity carried out to convince
people in which the resulting conjecture is correct.

All in all, the main goal of educational systems is to
educate individuals who know whether they are able to
accomplish a task alone, who must recognize how to finish a
task successfully, who are able to get better results, and who
know which information should be utilized functionally in a
problem situation, in other words individuals who know
what to do. Various ways are created by PBL to solve
problems; information learned in this manner is functional
information and includes metacognitive processes utilizing
information. Thus, boosting individuals’ self-directed
learning skills is of vital importance. The role of meta-
cognitive thinking and using information becomes para-
mount as individuals endeavor to be self-directed learners.
In fact, students first experience problem situations with
self-directed learning sessions. Thus, developing learners’
metacognitive awareness levels is essential because evalu-
ating learners’ existing knowledge of a situation is necessary.
Reviewing the literature so far, it was revealed that PBL has a
relatively more significant impact on augmenting learners’
metacognitive awareness levels compared with the tradi-
tional teaching methods. In the review of the literature, a few
studies can be found that examine the effects of PBL on
students’ metacognitive awareness levels, but these studies
are restricted to primary school learners and college un-
dergraduates. However, this study examined the impact of
PBL on the metacognitive awareness levels of junior high
school students. This study is also valuable because it
compared the impacts of PBL on students in the conjec-
turing process.

3. Method

3.1. Population and Sample. This research was conducted in
the even semester of the 2020/2021 academic year on the
pattern topic material. The population of this study is the
eighth-grade students of MTs. The population of this study
was the eight-grade students of MTs in West Mataram City



of Indonesia. This study applies cluster sampling by ran-
domly selecting two classes, resulting in one experimental
class with a total of 30 students who are taught using PBL.
The control class is subjected to conventional learning in
which there are 30 students.

3.2. Research Design. This study employs a mixed-methods
design, which is a combination of quantitative and quali-
tative methods. The quantitative method aims to analyze the
data taken from the metacognitive ability test in the students’
conjecturing process after applying the PBL. Furthermore,
the qualitative method aims to analyze the data collected
using tests and interviews with selected students. To find out
the effect of PBL implementation, all students in the ex-
perimental group were observed and several students to be
interviewed about their process of solving pattern gener-
alization problems (number pattern material topics) were
selected. This study investigated two variables, consisting of
the application of PBL as an independent variable and a test
of metacognitive abilities in the students’ conjecturing
process as the dependent variable.

The PBL stages in this study applied five stages. Those are
as follows: (1) student orientation to the problem, (2) or-
ganizing students to learn, (3) guiding individual and group
investigations, (4) developing and presenting the work, and
(5) analyzing and evaluating problem-solving. In this study,
the conventional teaching model is to transfer knowledge
from teacher to students, which usually starts with the
teacher’s brief explanation of the fraction material and
continues with students trying to answer some problems in
the book or problems from the teacher and ends with a
presentation of answers. The characteristics of the con-
ventional teaching model are the tendency to dominate
teaching activities, the transfer of knowledge from teachers
to students, learning activities that tend to be monotonous,
one-way communication, lots of practice in problem-solv-
ing, and teacher-centered teaching.

The experimental design of this study was to prepare two
groups, namely, the experimental class and the control class,
which were selected by purposive random sampling and
examined by pre-test and post-test using a design as shown
in Table 1 as follows.

Table 1 shows that A is the experimental group applying
PBL and B represents the control group applying conven-
tional learning. O1 and O3 are the two groups that are at the
same metacognitive ability and are tested using a pre-test.
02 is the result of the experimental group, while O4 is the
result of the control group. In this study, the effect of
treatment is analyzed using the t-test. Figure 1 shows the
triangulation mode in which qualitative data are triangu-
lated with quantitative data to determine the effect of PBL in
improving students’ metacognitive abilities in solving pat-
tern problems.

3.3. Experimental Procedure. Experiments were carried out
for six periods of mathematics learning, excluding pre-test
and post-test. The first step was to prepare two groups,
namely the experimental class and the control class, which

Education Research International

were selected by purposive random sampling. There were
two groups being investigated: class A as the experimental
group and applied PBL and class B as the control group and
applied conventional learning. The second step was giving a
pre-test to each group, namely experiment and control.

The third step is the validation process. There are two
mathematics education experts who validate the PBL lesson
plans, student worksheets, and pre-test and post-test
questions. The fourth step is the treatment process. In this
step, the researcher acts as a teacher. In the experimental
class, students are involved in PBL activities. In the control
class, students are taught using conventional learning. The
fifth step is giving a post-test. In this step, the researcher
analyzes metacognitive abilities in the students’ conjecturing
process.

3.4. Instruments. Data were collected using research in-
struments in the form of lesson plans with problem-based
learning methods, student worksheets, pattern generaliza-
tion problem-solving tests, and interviews. Pattern gener-
alization problem-solving tests are used to collect data on
metacognitive abilities in the students’ conjecturing process.
The interview is carried out in an unstructured interview to
understand and deepen metacognitive abilities in the con-
jecturing process of students in solving pattern general-
ization problems.

Pattern generalization problems are problems related
to metacognitive abilities, and the problems applied are
problems that can explore the students’ conjecturing
process [13]. Indicators and descriptions of metacognitive
skills can be seen in Figure 2. The metacognitive skill
rubric consisted of seven scales (0-5), which includes (1)
the answer in his own words, (2) the order of a coherent
answer, (3) the grammar or language, (4) the reason
(analysis or evaluation and creation), and (5) answer
(right/less/not really/blank) [24]. It is worth mentioning
that the validity of the instruments was checked by a panel
of experts who were mathematics education experts with
15 years of experience in teaching at different universities.
Moreover, the reliability of the pre-test and post-test was
computed through Cronbach’s alpha formula and it was
0.88 and 0.91, respectively.

3.5. Data Analysis. Students in the experimental and
control groups are given problem-solving questions
about the pattern material during the pre-test and post-
test. Qualitative data are collected through unstruc-
tured interviews based on student task results during
the post-test. The statistics used are descriptive and
inferential statistics to analyze quantitative data. De-
scriptive statistics are used to show the mean and
standard deviation, while the independent-samples
t-test inferential statistics are used to test the effec-
tiveness of PBL between the experimental class and the
control class. The level of significance used to compare
the average scores of the experimental and control
classes is 5%.
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TaBLE 1: Equivalent pre-test and post-test control group design.
Group Pre-test Treatment Post-test
A (n=30) 01 X 02
B (n=30) 03 — 04
Mode of Trianggulation
Problem Based Learning
Implementation
{ | !
| Quantitative Data | | Qualitative Data |
I
v h 4
Experiment Cotrol Class Metacognitive Skill in
Class N = 30 N=30 Conjecturing Process
[ |
Interview of
A Selected Subjects
Independent t-test Data Analysis |« I
Research Results
FIGURE 1: Mode of triangulation.
No Indicator Description
1 Plan e Setting goals (P1)
e Enabling relevant resources (P2)
e Choosing the right strategy (P3)
2 Evaluation e Determine the level of understanding of a person (E1)
e How to choose the right strategy (E2)
3 Monitoring e Checking one€’s progress (M1)
e Choose the appropriate improvement strategies
when the chosen strategy does not work. (M2)
FIGURE 2: Indicators and descriptions of metacognitive skills.
4, Finding was made since the p value was larger than the significance

Based on the results of interviews and students’ achievement,
the percentage of students who carry out the indicators of
metacognitive skills during the post-test can be shown in
Figure 3.

More specifically related to the percentage of students
who carry out indicators of metacognitive abilities in the
conjecturing process of students in solving pattern gener-
alization problems can be shown in Figure 4.

Before further analysis, this study is necessary to do a
normality test. The number of respondents was 60 students.
This shows that the pre-test results of the two classes, both
the experimental class and the control class, are equal or not
significantly different. It can be seen in Table 2. Based on the
information presented in Table 2, there was no statistically
significant difference in the pre-test scores for the experi-
ment class (M=1.56, SD=.77) and the control class
(M=1.53, SD=.68, t(58)=.17, p = 0.86). This conclusion

level (p >0.05). Hence, it could be inferred that the learners
in the two groups were at the same level before treatment.

Table 3 revealed that there was a statistically significant
difference between the post-test scores of the experiment
class (M =4.36, SD=1.09) and the control class (M =2.63,
SD =1.12) since the p value under the Sig. (2-tailed) column
was smaller than the significance level (p < 0.05). This shows
that the two classes have differences in metacognitive
abilities in the conjecturing process in solving pattern
generalization problems after the application of PBL. Based
on these results, it can be concluded that PBL had a sig-
nificant effect on increasing metacognitive abilities in the
conjecturing process.

Based on the results of students’ answers in solving
pattern generalization problems, data were obtained
about metacognitive abilities in the students’ conjecturing
process. In the experimental class, metacognitive activi-
ties appear when students solve generalization pattern
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Persentase Indicators Metacognitive Skill
100, - e o
90| ...... 8667 . AU
80 76.67 .
70
60
50
40
30
20

10

Plan Evaluation Monitoring

B Eksperiment Class
B Control Class

FIGURE 3: Percentages of metacognitive skill indicators.

Prsentase Metacognitive Skill in Student's Conjecturing Process

0.00
Justifying the generalization. | 0.00
0.00
53.85
Generalizing the conjecture 65.38
0.00

34:62
Validating the conjecture

Formulating a conjecture 88.46
96.15
Searching for and predicting
patterns 88.46
Organizing cases
Observing cases
0.00 20.00 40.00 60.00 80.00 100.00 120.00

W Monitoring
W Evaluation
B Plan

FIGURE 4: Percentages of metacognitive skill indicators on conjecturing process.

TaBLE 3: Independent-samples t-test (post-test of control class and
TaBLE 2: Independent-samples t-test (pre-test of control class and experimental class).

experimental class).

Group N Mean Std. deviation t
Group N Mean Std. deviation ¢ Pre-test Experiment class 30  4.36 1.09 6.02*
Pre-test Experiment class 30  1.56 0.77 0.17 Control class 30 2.63 1.12
Control class 30 1.53 0.68

*p<0.05.
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F1GURE 5: Work results of S1 subject in formulating conjectures.

problems. The following describes the metacognitive
activities carried out by S1 based on the stages of the
conjecturing process.

In generalizing the general formula conjecture to
determine the number of squares in the image of n-unit,
the SI subject observes cases by observing and counting
the number of squares separately based on the prox-
imity factor, without distinguishing black and white
squares.

P: what is the first time you think after reading this
matter?

S1: this is a black and white square pattern. At first, I
counted. In the 1st image, there were 7, the 2nd image
was 11, and the 3rd image was 15. At first, I was
confused about what to do with this pattern, but then I
saw that the 1st image consisted of 1, 1, 3, 1, 1. The 2nd
picture consists of 2, 2, 3, 2, 2, and the 3rd picture
consists of 3, 3, 3, 3, 3

(Plan)

In the next stage, the S1 subject looks for and
predicts patterns by paying attention to the addition
of the Istimage, 2nd image, 3rd image, and thinking
of the next image. In the 1st image to the 2nd image,
the increment of 4, the 2nd image to the 3rd image
the increment of 4 and think that the next image also
increases 4.

P: after seeing the 1st picture consists of 1, 1, 3, 1, 1, and
so on, what do you do?

S1: I see the difference. But after I knew the difference, I
could no’t find the formula yet, finally, I focused on the
Ist image consisting of 1, 1, 3, 1, 1. The 2nd image
consisted 0f 2, 2, 3, 2, 2, and 3rd picture consists of 3, 3, 3,
3,3

(monitoring)

P: Then what next

S1: Well, if we look at these three pictures, each square in
the 1st, 2nd, and 3rd pictures has the difference 4, as well
as the next picture, the 4th image, consisting of
4+4+3+4+4, the result is 19. (evaluation)

This is also reinforced by the work of the SI1 subject in
finding and predicting patterns in Figure 5.

At the stage of formulating the conjecture, the S1
subject pays attention to the patterns obtained in the
pattern search and prediction stage by producing a
general formula conjecture to determine the number of
squares in the figure n—th=n+n+n+n+3=4n+3.
Furthermore, the S1 subject validated the conjecture
with the 1st, 2nd, and 3rd images. For the first image, the
rule “4x1+3=7" is correct; for the second image, the
rule “4x2+3=11” is correct; for the third image, the
rule “4 x 3+ 3 =15"is correct, and for the forth image, the
rule “4 x4 +3=19" is correct. Following are excerpts of
interviews with S1 subject.

P: after getting the pattern, what do you do?

SI: from the pattern, I saw a pattern that was formed
P: what pattern do you mean?

SI: the pattern is like this Sir,

First image: 1 +1+1+1+3=7

First image: 2+2+2+2+3=11

First image: 3+3+3+3+3=15

From this pattern I made the general formula.

The image n+n+n+n+3 =4n+3
(evaluation)

of n-unit:

Then, in the formula of 4n + 3, when n is substituted
with 1, the sum is 7, when n is substituted with 2, the
sum is 11, and when n is substituted with 3 and 4, the
sum is 15 and 19, respectively.

This is also reinforced by the work of the S4 subject in
formulating the conjecture in Figure 6 as follows.



1+1+1+1+3=7
24+2+2+2+3=11
3+3+3+3+3=15
4+4+4+4+3=19
1) 4(1) + 3=7
2) 4(2) + 3=11
3) 4(3) + 3=15

10) 4(10) + 3=43

(General Formula): n+n+n+n+3=4n+3

Figure 6: Concluding formula of S1 subject in formulating
conjectures.

In the next stage, the S1 subject believes that the general
formula for determining the number of squares in the
nth image of the formed pattern is 4n + 3. S1 subject
believes in the general formula produced after validating.
By believing in this general formula, the S1 subject has
generalized the resulting general conjecture or formula.
Following are excerpts of interviews with researchers and
S1 subject.

P: are you sure or not with this formula that you got?

S1: I am sure sir, because I have tested it (monitoring)

Furthermore, in justifying generalizations, the S1 subject
shows certain examples as has been done when validating
conjectures.

5. Discussion and Conclusion

The PBL model affects students’ metacognitive abilities in
the conjecturing process. The learning activities of the PBL
model are able to bring up aspects of metacognitive abilities.
The PBL stages in this study used five stages: (1) student
orientation to the problem, (2) organizing students to learn,
(3) guiding individual and group investigations, (4) devel-
oping and presenting the work, and (5) analyzing and
evaluating problem-solving.

At the orientation stage of the problem, the teacher
conveys a contextual problem going to be solved in groups.
At this stage, the problem given is related to pattern gen-
eralization. Before entering the material, students receive
information about the basic competencies and learning
objectives to be gained, the scope of the material, learning
steps, and the PBL model steps. Most of the interactions that
occur at the orientation stage are interactions between
students and teachers (the researcher himself), where the
activity of preparing students physically and psychologically
through apperception and giving problems can also en-
courage the emergence of metacognitive activities. Elbers
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also states that interactions in classroom learning encourage
the reflection process [38].

At the stage of organizing students to learn, students are
given problems about the generalization of patterns. The
teacher divided the students into groups of 3-4 people and
asked them to study all the instructions on the worksheets.
At this stage, the teacher ensures that each member of the
group understands their respective assignments. Each group
is facilitated with student worksheets. The use of student
worksheets aims to lead students to solutions. Instructions
or steps for the discovery activity are listed in the student
worksheets. In line with the Ellwood and Abrams research,
student interaction, especially in group discussions, provides
mutual feedback and increases students’ motivation and
achievement [39]. The characteristics of the experimental
students who were given a problem-based learning model
were more active and motivated to solve problems than the
control class [19].

At the phase of guiding individual or group investiga-
tions, the teacher encourages students to collect appropriate
information, conduct experiments, and solve problems. At
this stage, many questioning activities appear, in group
members, such as students asking how to predict the next
pattern and formulate a general form of the pattern. Students
ask each other from their groups, and even students ask the
teacher. After students have been questioned, students make
a hypothesis about how to find the formula and general form
of the pattern. At this stage, there were several obstacles
experienced by researchers, such as students’ lack of literacy
skills, students asking the teacher more than reading, and
finding out on their own. However, the teacher still fa-
miliarizes students to read repeatedly and understand the
worksheets given from the first to the last meeting so that
students can practice students’ literacy skills. The interac-
tions that occur at this stage are interactions between stu-
dents and students, students with learning resources
(student worksheets), and students and teachers (researchers
themselves), where this interaction encourages the emer-
gence of metacognitive activities. Metacognitive activities
arise, when students learn to question and evaluate the
opinions of friends in the group. It is in line with Hastuti
[30], who informs that the group discussion process can
construct students” knowledge and strategies so that it can
help students learn and evaluate strategies and trigger
metacognitive abilities. Student social interactions that occur
in PBL, such as engaging in discussions, questioning, and
analyzing ideas, can improve critical and metacognitive
thinking skills [26, 27].

Furthermore, at the stage of developing and presenting
the work, the teacher monitors the discussion and guides the
preparation of a report so that each group’s work is ready to
be presented. At this stage, students feel enthusiastic and
motivated by a sense of curiosity to find all solutions so that
they can be presented optimally. Based on the results of
observations and interviews, students are more enthusiastic
about learning because they feel more involved in the dis-
covery activities contained in the student worksheets. In line
with the findings of Sari, Sumarmi, Utomo, and Astina [18],
giving problems provides motivation and challenges for
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students that serve as guidelines for finding solutions that
require critical thinking.

Furthermore, at the phase of analyzing and evaluating
the problem-solving process, each group made a presenta-
tion and the other group gave appreciation and input. Group
1 and group 3 provide input to group 2 because some in-
correct answers are caused by not being careful in observing
cases. The activity is continued by summarizing and making
conclusions in accordance with the input obtained from
other groups. At this stage, the students also concluded that
to create a general formula, it was necessary to observe cases
by counting the number of objects and organizing objects in
tabular or sorted form. The patterns are danced and pre-
dicted by calculating differences and formulated general
forms or formulas by paying attention to the formed pat-
terns, validating general formulas with certain examples, and
validating general formulas by testing them with certain
examples as well. After being given the teacher’s direction,
they can conclude how to solve the pattern generalization
problem.

Based on data analysis and findings, it can be concluded
that problem-based learning (PBL) has a significant effect
on the metacognitive abilities of students’ conjecturing
process compared with the use of conventional learning
models. Each stage in PBL is able to encourage students’
metacognitive activities, especially when students are in-
volved in group discussions. Like any other research study,
this study has its own limitations. Due to some limitations,
only 60 participants were included in this research. Next
studies are offered to add more participants to their study
samples to increase the generalizability of their findings.
This study examined the effects of PBL on metacognitive
abilities, and future studies can investigate the impacts of
PBL on other psychological abilities. The other limitation
refers to the period time of the treatment that was short,
and next investigations can expand the treatment time. The
study was limited to the Indonesian learners, and next
studies can work on learners in geographical contexts. It is
also suggested to future researchers to consider middle
school teachers to apply technology-assisted PBL, espe-
cially in mathematical courses. In addition, it is suggested
for future researchers to be able to apply PBL in other
mathematical topics.
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