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ABSTRACT

Studies on innovative learning model are currently being carried out by experts to contribute to improving the quality
of education and learning. Problem Solving Based Learning Model (PBPM) is one of the new model that the author has
developed since 2017-2020. From the development results, this model is considered to meet the quality requirements of
a learning model, namely meeting the aspects of validity, practicality, and effectiveness. The syntax of the PBPM model
consists of 7 stages (phases), namely (1) introduction, (2) discussion of material, (3) problem solving, (4) presentation
and discussion, (5) expansion of problem solving, (6) presentation and discussion ( continued), and (7) closing. With a
focus on problem solving, especially in phase 5, where the problems presented are complex problems, including
problems presented in an open-ended form, will stimulate the development of problem-solving abilities, higher-order
thinking, and creative thinking. The fourth and sixth phases, namely presentations and discussions, will not only improve
understanding of mathematics material, but also develop mathematical communication skills. Furthermore, the problem-
solving process carried out in small groups cooperatively will have an impact on the development of cooperation
capabilities and acceptance of diversity.

Keywords: Problem Solving, Based Learning Model.

1. INTRODUCTION and learning process, especially when implementing
higher-order thinking [5].

Education in the 21st century is faced with more
complex competency demands. School education is no
longer sufficient if it is directed to equip students with a
variety of subjects designed in the curriculum. School
education must also function to develop the potential of
graduates optimally and equip graduates to continue their
studies to a higher level including college and to survive
in real life and in the world of work.

Wagner [6], describes 7 (seven) skills needed by
students in the 21st century, namely (1) critical thinking
and problem solving, (2) collaboration and leadership, (3)
agility and adaptability, (4) initiative and
entrepreneurship, (5) effective oral and written
communication, (6) accessing and analyzing
information, and (7) curiosity and imagination. Fadel [7]
and Bishop [8] describe the 21st century skills

Mastery of concepts and skills is indeed an framework. , includes:
important aspect of education, but this ability is not
sufficient to equip students to survive in life. School
education must also be directed to build broader abilities,
such as critical thinking and creative thinking skills,
independent learning skills, innovation abilities, mastery

of informatics technology, etc. [1] The abl'lty to think, b. 21st Century themes, Consisting of (1) g|0ba|

a. Core subjects, consisting of (1) native / reading
languages, (2) world languages, such as English, (3)
arts, (4) geography, (5) history, (6) mathematics, (7)
science, ( 8) citizenship.

including higher-order thinking, is an important ability awareness, (2) financial, economic, business and
that needs to be developed. Development of hlgher order entrepreneuria| |iteracy’ (3) |ega| |iteracy' (4) health
thinking skills is currently the main goal of education literacy, and (5) environmental literacy;

[2,3]; teachers should develop students' higher order
thinking skills needed to face new challenges [4].
Teachers should have various strategies in the teaching

c. Information proficiency, media and technology,
consisting of liracy information, media, and ICT;
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d. Life skill and career, consisting of (1) flexibility and
adaptability, (2) initiative and self direction, (3)
social skills and cross-cultural, (4) productivity and
accountability, and (5) leadership and responsibility;

e. Learning skills and innovation consist of (1) critical
thinking and problem solving, (2) communication,
(3) collaboration, and (4) creativity.

The current problem shows that these 21st
century skills have not been able to be developed
properly in the world of education, both in schools and
colleges. Various research results indicate that there are
fundamental weaknesses related to these skills. Mastery
of the indirect object of mathematics which includes the
students' problem solving and reasoning abilities is
relatively low [9]; Many students' high-order thinking
skills are relatively low [10,11,12,13].

This problem shows that there is something that
is not optimal in the education system in Indonesia. Is it
related to curriculum structure, quality of learning,
quality of assessment, or other factors. The quality of
learning should be assumed as one of the components that
makes a big contribution to the inability of students to
achieve the 21st century competence. The results of
Ratumanan and Tetelepta's research (2019) show that
there are still weaknesses in learning, including (1) the
average score of RPP mathematics at SMA Negeri 1
Masohi is 67.01 and is in the sufficient category, (2) The
teacher has not been able to manage learning in a manner
good. Although in the lesson plan the teacher plans to use
a variety of student centered learning models with a
scientific approach, but in the implementation of
learning, there is still a tendency for teachers to dominate
learning by transferring knowledge. the knowledge
construction process is not considered, and (3) the
learning outcome assessment activities cannot be
implemented properly and structured. The teacher does
not prepare instruments for the assessment of knowledge,
attitudes and skills. The teacher conducts attitude
assessment in general by only observing student
activities, both class activities and group activities,
without using the observation format, and (4) teachers
pay less attention to material enrichment and high order
thinking. Mathematical problems that are given to
students to be done both individually and in groups, are
more focused on aspects of understanding (C2) and
applications (C3), (3) The ability to use communication
and information technology in learning is still relatively
limited.

Currently  schools in  Indonesia  have
implemented the 2013 curriculum that places students as
subjects in learning. Various innovative learning models
are currently being developed to contribute to improving
the quality of learning. In this connection, the researcher
develops a new learning model called "Problem Solving
Based Learning Model". This model was developed by
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the author from 2017-2020. From the results of the
development and limited experiments, this model is
considered to meet the quality requirements of a learning
model, namely meeting the aspects of validity,
practicality, and effectiveness.

Problem-solving based learning  models
emphasize problem solving activities in a structured
manner from easy to difficult, from simple to complex.

The existence of this problem-solving activity
process is expected to stimulate students' thinking
processes, so that gradually their thinking skills can
develop. This paper will further discuss this new model
which is expected to be an alternative model for
innovative learning in schools and colleges.

2. SYNTAX OF PROBLEM SOLVING
BASED LEARNING MODEL

The problem-solving learning model was developed
in 2 (two) stages of research, that is the development
stage and the experimental stage for testing the
effectiveness of the model. From the research process for
two stages in two years, a learning model was produced
called a problem-solving based learning model. The
problem-solving based learning model (PBPM model)
was developed consisting of 5 (five) important
components, namely (1) syntax, (2) social systems, (3)
reaction principles, (4) support systems, and (5)
instructional impact and accompaniment impact.

Syntax refers to the entire flow or sequence of
teaching and learning activities. The syntax specifies the
types of teacher and student actions required, their order
and the assignments for students. Syntax is described in
a sequence of activities called phases, each learning
model has a different phase flow [14]. The social system
states the roles and relationships of students and the types
of norms recommended. The role of teacher leadership
varies greatly from one model to another [14]. Reaction
principles are related to how teachers pay attention to and
treat students, including how teachers respond to answer
questions, responses or what students do. The support
system (support system) of a learning model is all the
means, materials and tools needed to implement the
model [15]. The instructional impact is the learning
outcomes that are achieved directly by directing students
to the expected goals, for example student mastery of
material X ". Meanwhile, the accompanying impact is
other learning outcomes produced by a teaching and
learning process, as a result of creating a learning
atmosphere that is experienced directly by students
without direct guidance from the teacher [15].

Specifically regarding the syntax of the problem
solving-based learning model (PBPM) the results of the
development are presented in the following table
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Table 1. Syntax of Problem Solving Based Learning Model

Phase Description

1. Introduction This phase is the initial learning activity in the form of greetings, delivery of learning
objectives, perceptions, motivation, and organizing students to learn. Students are

divided into small groups of 3-5 people.

2. Discussion of the Material  In this phase, the learning material is studied or discussed. The teacher can present the
main points of the material briefly. In this phase, knowledge can also be constructed by
students by studying teaching materials that have been prepared by the teacher or by
studying teaching materials in textbooks or on certain websites.Teachers need to
encourage students to ask questions about parts of the material that are not well
understood. The teacher needs to provide a limited explanation of each student's
question. It is important to note that teachers should avoid the habit of transferring

knowledge in the form of explaining learning materials at length.

3. Problem Solving Activities  Relevant problems are given for each group to solve. Problems are given at a simple
and moderate level. From the cognitive aspect, the problems given are problems at
levels C2 and C3. When the group works, the teacher goes around supervising and

providing support to the group.

4. Presentation and  Randomly, the teacher appoints certain groups to present or write down the results of

discussion their work on the board. The results of small group work are discussed in large groups.
In this phase, the teacher also provides confirmation, in the form of clarification, reward,

expansion, deepening, etc.

5. Expansion of problem The teacher provides more complex problems, students do it in small groups. The
solving problems presented in this phase are related to higher order thinking (HOT) and creative
thinking. From the cognitive aspect, the problems presented in this phase are problems
in levels C4, C5, and C6

6. Presentation and The teacher randomly assigns groups to write down the results of their work on the
discussion board or present them to the class. The results of group work are discussed in large
groups. In this phase, the teacher also provides confirmation, in the form of clarification,

reward, expansion, deepening, etc.
7. Closing The teacher and students make summaries, give assignments, and give tests (if it was

planned from the start).

problems in small groups, discuss, share with each other,
help each other complete group assignments. This will
have an impact on increasing the ability of students to
cooperate. In the 4th and 6th phases, students present
their work and discuss in large groups. There is a process

3. EXAMPLE OF APPLICATION OF
PROBLEM SOLVING BASED LEARNING
MODEL

Learning using the PBPM model places students as

subjects in teaching and learning activities. Teachers are
more of a role as facilitators and motivators who facilitate
and motivate students to learn. In learning activities, the
teacher only provides a brief explanation of the learning
material in phase 2, then learning activities and problem
solving are carried out by students in phase 3 and phase
5. The activities in these two phases are not only useful
for increasing understanding of concepts, principles, and
skills, but also for improving students' higher order
thinking skills. In these two phases, students solve

of sharing between groups, but it is also possible for the
emergence of criticism and new questions that stimulate
the thinking processes of students. The confirmation
given by the teacher in this phase will strengthen
students' understanding of the material discussed [1].

The following is an example of learning the
material "Derivative Applications” using the PBPM
model. The learning phases are as follows:

a. Introductory Phase
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The teacher explains the learning objectives and
benefits that will be obtained by students after
participating in learning, namely that students are able to
use derivative functions in solving various relevant
problems, including (1) determining maximum and
minimum values, and (2) solving problems of speed and
acceleration. As an apperception, the teacher can briefly
remind students about the first and second derivative tests
to determine the type of extreme.

The teacher organizes students in small groups of 3-5
people, the sitting positions of each group are arranged in
such a way as to allow mutual eye contact between each
members of the group.

b. Material Discussion Phase

The teacher distributes teaching materials to each
group, which contains a description of the material and
student worksheets. If the teacher does not develop
teaching materials, the teacher can ask students to open
the Class X1 Mathematics textbook [16]. The teacher
explains the properties of the extreme point in terms of
the first derivative and the second derivative, briefly. For
example, the teacher displays the following slides and
provides a brief explanation.

Advancesin Social Science, Education and Humanities Research, volume 550

1) Attention to function f(x) = 2x® - 9x% — 24x + 32.
Specify
a. Stationary point
b.  Maximum or minimum point
c. inflection point

?) An object moves along a straight line. The equation
for the motion of the objectis s = f(t) = t3 — 6t +
9¢t; (s in meters and t in seconds),
a. Calculate the object's velocity at t = 1 second

3) Calculate the object's acceleration at t = 1
second

Let fbe a continuous real-valued function having the
first and second derivatives of xi€l such that:

1) If f'(x;) = 0, then the point (x;, f (xi)) is called the
stationary point or critical point

2) Iff(xi)) =0, and f’(x;) > 0, then the point (x;, f (xi)) is
called the minimum point of the function.

3) Iff'(x) = 0and f’(xi) <0, then the point (x;, f (xi)) is
called the maximumpoint of the function.

4) If £'(x;) = 0, then the point (x;, f (xi)) is called
the inflection point

The teacher then assigns students to study the
material provided in teaching materials or in textbooks
and discuss with their respective groups. If there is
material that is poorly understood, the teacher develops a
class discussion to discuss the material, if there are no
students or groups who can provide solutions, the teacher
can provide a brief explanation.

c. Problem Solving Phase

In this phase, the teacher displays questions or
problems for students to work on in small groups. The
problems presented are at the level of understanding (C2)
and application (C3), with easy and moderate difficulty
levels for each group to work on. The focus of this
problem presentation is so that students can understand
the concept or subject matter better and be able to apply
concepts, principles, or procedures in solving problems.
The problems presented should be included in the student
worksheet (LKPD). For example the problem is as
follows:

In dealing with both of these problems, the group may
experience difficulties. Therefore, the teacher needs to go
around visiting each group to observe the work process
of each group. The teacher needs to encourage each
group to discuss and share with each other to jointly solve
the problem. If the group experiences problems related to
mastery of concepts, the teacher can provide a brief
explanation to be able to guide students in solving these
problems.

d. Presentation and Discussion Phase

In this phase, the teacher appoints a certain group to
write down the solution on the white board and provide
an explanation. Appointment of groups can be done
randomly or can also be based on teacher observations of
the progress of group work. After the designated groups
explain their work, the teacher facilitates a class
discussion by giving other groups the opportunity to ask
questions, provide comments, or compare the results of
their group work. At the end of the discussion, the teacher
provides confirmation in the form of clarification,
reward, or additional explanation to expand or deepen the
concept.

e. Expansion of Problem Solving Phase

This phase is an advanced phase of the third phase.
Teachers provide more complex problems that demand
analysis (C4), synthesis (C5), or evaluation (C6)
processes. The problem can be presented on the
presentation slide or already presented on the student
worksheet. For example, the problem is as follows:
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1) An object moves along a straight line. The equation
for the motion of the object is s = f(t) = t3 —
12t? + 45¢; ; (s in meters and t in seconds),

a. Determine at which intervals the object's
velocity increases and at which intervals the
object's velocity decreases.

b. Determine at which interval the object's
acceleration increases and at which interval the
object's acceleration decreases

2) A box without a lid is made from a cardboard
measuring 60 cm x 40 cm, by cutting identical
(equivalent) squares on the four corners, and folding
the sides. Determine the length, width, and height of
the box for maximum volume.

It is expected that in the fourth phase, students have
an adequate understanding of the application of
derivative functions in solving relevant problems. With
this understanding, it is hoped that through group
discussions and mutual variety, students can develop
their thinking skills to solve more complex problems.The
second problems above are more complex and require a
higher thought process when compared to the problems
in the third phase. To work on problem number 1,
students must have the ability to use the rules of derived
functions and relate them to the concepts of speed and
acceleration. Furthermore, to work on question number
2, students must have the ability to identify the context of
the problem, determine the formula for the volume of the
box, and then use derived rules to determine the size of
the length, width and height of the box. In dealing with
both of these problems, the group may experience
difficulties. Therefore, as in the third phase, teachers need
to go around visiting each group to observe the work
process of each group, and provide limited assistance to
groups experiencing difficulties.

f.  Presentation and Discussion Phase

Similar to the fourth phase, in this phase, the teacher
appoints certain groups to write their solutions on the
white board and provide explanations. The teacher then
facilitates the class discussion by giving other groups the
opportunity to ask questions, provide comments, or
compare the results of their group work. At the end of the
discussion, the teacher provides confirmation in the form
of clarification, reward, or additional explanation to
expand or deepen the concept.

g. Closing Phase

In this phase, the teacher directs students to provide a
summary of the derivative function application material.
Teachers should prepare assignments for students to do
at home in an effort to increase students' mastery and
retention of learning materials

Advancesin Social Science, Education and Humanities Research, volume 550

4. COMPETENCY DEVELOMPMENT
THROUGH THE APPLICATION OF
PROBLEM SOLVING BASED LEARNING
MODEL

Learning mathematics using the PBPM model is
expected to have a positive impact on the development of
students' competencies. Some of the capabilities that are
expected to be developed are as follows:

a. Mastery of learning material

Learning activities in phase 2 to phase 6 allow
students' mastery of teaching materials to be much better
when compared to conventional learning. In the PBPM
model, students are actively involved in the learning
process. This is very influential on the level of
memorization of students, knowledge in the form of
mathematical material will be better mastered, and stored
longer in the memory of students. In the 3rd and 5th
phases, there is a process of sharing and the development
of peer tutors, weak students will ask questions and learn
from smart students; on the contrary, smart students will
help provide explanations for weak students. Process is
effective for increasing students’ mastery of learning
material. According to [17], by working together, helping
each other, and contributing to each other's thoughts, it is
hoped that the teaching materials that are learned or
discussed in groups can be better understood, compared
to when studied individually.

b. Problem solving skill

In phases 3 and 5, students work together in small
groups to solve math problems ranging from simple to
complex. In the 3rd phase there are still routine questions,
but these questions are completed with non-routine
questions or problems. In the fifth phase, the problems
presented are more complex and require higher thinking.
By carrying out problem-solving activities continuously
in groups, gradually the problem-solving abilities of
students will increase.

c. Higher order thinking skills

Learning using the PBPM model stimulates the
thinking process of students. All phases, especially
phases 2 to 6 require the involvement of students
mentally in the learning process. In phases 2 and 3,
thinking activities are still limited to low and middle level
thinking (knowledge, understanding, and application of
mathematical concepts or principles). In the fifth phase,
namely the expansion of problem solving, students are
faced with more complex problems; the teacher provides
problems that are formulated in the category of analysis,
synthesis, or evaluation; or when referring to Bloom's
taxonomy as revised by Anderson & Krathwhol [18], it
is formulated in the category of analyzing, evaluating,
and creating.To solve problems 1 and 2 in phase 5 above,
for example, students not only have to understand the
concept and be able to apply it, but students also need to
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make connections between concepts or between
principles, and analyze these relationships. Problem 2,
for example, students need to first do a visualization,
make an identical square (the same square) on the four
corners of the cardboard, let the side lengths be x, cut the
identical rectangles, fold the cardboard so that it forms a
box without a lid, with length = (60-2x ) cm, width = (40-
2x) cm, and height = x cm. Furthermore, students use the
formula for the volume of the cube, and use the derivative
rule to get x. The final step, students substitute the value
of x, to find the length, width, and height of the box. In
this problem solving step, students do not just apply
concepts or principles, but must use a more complex or
higher thought process, namely analyzing the
relationship between rules.

In the 4th and 6th phases, in percentages and
discussions, questions or criticisms that demand students'
reasoning can also develop. Questions "why", "how", "is
there another way", etc. can arise from students and
teachers to groups that present their
assignments.Questions like this, not only stimulate
students to think more carefully and comprehensively,
but also think more critically. Thus, the implementation
of the PBPM model will gradually function effectively to

improve the higher order thinking skills of students.
d. Ability to think creativity

In the fifth phase, the problem can also be presented
in an open-ended form. Open ended problem is an open
problem that has more than one alternative to the correct
answer. [19], classify open problems into three types,
namely: (1) problems that can be solved in various ways,
(2) problems that have varied answers, and (3) problems
that can be developed by changing the conditions of the
previous problem.Presentation of open-ended problems
in the fifth phase of the PBPM model will encourage
students to think of various ways to solve problems.
Conditions like this in the long run will be able to develop
the thinking skills of students.

e. Collaboration

The ability to work together is an important ability
that helps determine a person's success in life and at
work. The ability to cooperate contains many other
abilities such as the ability to share each other, the ability
to listen with empathy, the ability to accept and
appreciate differences, the ability to convey differences
of opinion in an acceptable way, the ability to
communicate politely, etc.These abilities can grow and
develop in learning using cooperative settings. The
PBPM model uses a cooperative setting in learning. In
phases 3 and 4 in small groups of students work together
to complete group assignments in the form of problem
solving. In phases 4 and 6, each group presents its work
and shares it with one another. This kind of learning
setting will be able to develop the cooperation ability of
each student.
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f.  Mathematical Communication Skills.

Mathematical communication is an important aspect
that needs attention in learning mathematics.
Communication in mathematics is one of the other
common basic skills, namely reasoning skills and
problem solving abilities (NTCM, 2000). Mathematical
communication is meant here are interconnected events
where there is delivery and reception of mathematics
messages in a classroom environment.Mathematical
messages here relate to the mathematical material that
students are studying in teaching and learning activities
[17]. In learning mathematics using the PBPM model,
students are also directed to be able to explain the
thinking process and the results of problem solving they
get. Conversely, other students are expected to respond
by making corrections with logical arguments against the
results of knowledge construction and problem solving.
By carrying out this kind of process continuously, it can
be expected that the students' mathematical
communication skills can improve.

g. Positive attitude towards mathematics.

In the PBPM model, students are actively involved in
teaching and learning activities, both in learning teaching
materials and in problem solving activities. Learning
activities are dynamic and fun. This condition results in
the impression that mathematics is a difficult subject,
even scary, can be changed gradually. Thus learning
mathematics using the PBPM model will also be able to
foster a positive attitude towards mathematics.

5. CONCLUSION

Problem-solving based learning model (PBPM
Model) is a new model developed as an alternative
model. Through the application of this model, it is hoped
that various abilities of students can be developed
including mastery of teaching materials, problem solving
abilities, higher order thinking skills, creative thinking,
collaboration, mathematical communication skills, and
positive attitudes towards mathematics.

As a newly developed model, so far there has not been
much information about the effect of the PBPM model on
student competency development. In connection with
this, it is hoped that this model can be studied further and
can be used as an alternative model for student
competency development.
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