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Scientific writing is essential for students to express their idea and to report their
research. Problem-based learning model directs students to solve problems and
report them in the form of scientific articles. The report is written logically and
systematically. The research used a quasi-experiment method with 62 students as
participants. The research was conducted in the Geography Education Program of
Kanjuruhan University of Malang, Indonesia, academic year 2017/2018 on the
course of Geography Natural Resource. The instruments used were essay tests and
assessment rubrics for scientific writing. Data from problem-solving and scientific
writing assessments were analysed with the Mann-Whitney test with a significance
level of 5% after a prerequisite test. The results of the study showed that: problem-
based learning model has a significant effect on students’ problem-solving skills,
scientific writing skill, and together problem-based learning and problem-solving
skills had significant effect scientific writing skill.

Keywords: scientific writing, problem-solving, problem-based learning model, learning,
writing
INTRODUCTION

Students’ problem-solving skills should be the focus of improvement. The role of the
lecturer in learning is not only as an intermediary to convey concepts related to the
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12 The Effect of Problem Based Learning on Problem Solving ...

course but more on improving student skills in solving problems. Problem-solving skills
can be obtained through learning steps that direct students to think and find solutions for
a problem. Problem-solving is a crucial component of the curriculum and needs
attention in learning (Nayazik, 2017; Widiawati et al., 2018).

In the 21st century, human resources can be replaced by technology so that skills
possessed by humans now can no longer follow the standards of the past. The use of
information and communication technology in all aspects of life requires a change in
competencies needed in work (Dwyer et al, 2014; Hidayah et al, 2017). Essential skills
that should be mastered by students in the 21st century are: critical thinking and
problem-solving, creativity and innovation, collaboration, and communication (Hosnan,
2014; Redhana, 2019). Lecturers should be selective in choosing learning models that fit
the demands of 21st-century skills in the learning process.

The ability to write scientific articles is a skill that must be trained for students. On
average, each course demands students to write papers, field research, laboratory
research, or books. Writing skills are also needed by students as part of the requirements
to obtain a bachelor’s degree, namely writing thesis and scientific articles. Writing is
also needed for publication to convey the thoughts and ideas of students when they are
in college and when they become educators. Through writing skills, students can build
strong intellectual and practical relationships between research and independent learning
(Wardani & Sari, 2017; Sutarman et al, 2019). Therefore, students must be equipped
with research skills presented in each learning through a model in which there is a
syntax of inquiry and report the results in scientific reports/articles. The process of field
investigation can stimulate students to find solutions (Alrahlah, 2016; Aliman et al,
2019).

Natural Resource Geography is an auxiliary science in studying geography. The course
studies about human interaction with nature concerning the utilization and management
of natural resources by humans. The material presented in the Geography of Natural
Resources course, especially regarding the management of natural resources, was made
the object of study by students observing, investigating, and researching in the field.
After investigating the field, students are required to make reports in the form of
scientific articles. Students learn to write scientific papers systematically through the
task of writing articles (Wardani & Sari, 2017; Imelda et al, 2019).

The syntax of the Problem Based Learning (PBL) model directs students to think,
analyze, research, and prepare research reports. The investigation phase, which is
carried out independently or in groups, is the core of the PBL model. Activities
undertaken by students in this phase include the process of collecting data, making
hypotheses, and providing solutions so that problem-solving skills can be developed and
trained. Implementation of research-based learning can improve student metacognition
skills in problem-solving (Ashari et al, 2016; Dafik et al, 2019). Lecturers can act as
facilitators and motivators for students in gathering information from various sources at
the investigation stage.

The next phase of the PBL model is to develop and present the work. The syntax
increases the motivation of students to present their work in front of other study groups
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well so that the competence of examining natural resource utilization problems during
Natural Resource Geography can be achieved optimally. The PBL can develop complex
skills and independence of learning to students (Taradi et al, 2005; Sugiharto et al,
2019). The skills in compiling reports support students to have the ability to convey the
results of data acquisition, analysis, conclusions and be able to account for scientific
findings in writing so that the ability to write scientific articles can be improved.

This paper aims to describe 1) the effect of problem-based learning model on students'
problem-solving skills, 2) the effect of problem-based learning model on students'
ability to write scientific articles, and 3) the effect of problem-based learning model and
problem-solving skills on the ability to write scientific articles.

LITERATURE REVIEW
Problem Based Learning (PBL)

Problem-based learning (PBL) was first implemented in the Medical Faculty of
McMaster University in Canada in 1970 (Amir, 2009). The implementation of PBL at
McMaster is community-oriented, focused on humans, through an interdisciplinary
approach to learning and problem-based learning. Further development, PBL has been
adopted either in whole or in part by many medical faculties in the world. PBL is not
designed to help lecturers convey information or material as a whole to students. This
model is designed to direct students' thinking, problem-solving, and intellectual skills.
The habit of critical thinking in Indonesia itself is carried out through learning activities
with a scientific approach by conducting scientific investigations (Wahyudi et al, 2015;
Fajrianthi et al, 2016; Agraw et al, 2017; Sari et al, 2019).

The implementation of PBL models in Higher Education aims to develop thinking skills,
problem-solving skills, and effective self-directed learning. Learning by presenting
problems contained in the PBL model syntax can encourage students to develop critical
thinking skills and solve problems (Schapper & Mayson, 2010; Balim et al, 2014;
Gholami et al, 2016; Saputra et al, 2018). The process of solving problems in learning
requires thinking, analyzing, evaluating, and generating ideas. The steps of the Problem
Based Learning (PBL) used in this study are shown in table 1.

Table 1

Syntax of problem based learning (Arends, 2008)

Phase Lecturer’s Behavior

Phase 1 Lecturer explain the purpose of learning and motivate students to
Students orientation to the problem be actively involved in solving the selected problem

Phase 2 Lecturer help students organize leaning task related to the
Organize students problem.

Phase 3 Lecturer encourage students to gather appropriate information,
Individual and group research guide carry out experiments, and solve the problem.

Phase 4 Lecturer assist students in planning and preparing suitable works
Develop and present the work such as reports, models and sharing assignments with friends.
Phase 5 Lecturer help students to reflect on the investigation

Analyze and evaluate the problem-
solving process
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Students' skills in solving problems can be developed through PBL. The learning steps
of PBL facilitate it through the first, second, fourth, and fifth phases. The second, third,
and fourth phases in PBL develop students' abilities in writing scientific articles. The
five phases of the PBL are expected to improve the quality of learning in Higher
Education. Learning to use PBL is more meaningful, not just memorizing, and gathering
information. PBL is learning that involves students to solve particular problem topics
through scientific stages so that students can learn knowledge and have the ability to
provide solutions in scientific papers (Schapper & Mayson, 2010; Dewi et al, 2014;
Untoro, 2016; Issufiah et al, 2018; Cheong et al, 2019; Imelda et al, 2019).

Problem-solving Skills

Problem-solving skills are one of the goals of learning in terms of curriculum aspects.
The concepts in geography are related to daily life so that learning strategies based on
problems are needed (Sujiono et al, 2017; Suwito et al, 2020). Geography learning is
taught contextually according to the object of study. Contextual learning encourages the
active role of students in developing and mastering concepts. Students can analyze in
solving geographic problems that occur in everyday life.

The lack of student skills in solving problems will affect the quality of human resources
(Cahyani & Setyawati, 2016). The importance of improving the quality is as conveyed
in the vision and mission of President Joko Widodo in the second period 2019-2024
(Kompasiana, 2019). It is because the process of acquiring geography has not yet
maximized the model or learning steps that direct students to develop problem-solving
skills. Lecturers are expected to be wiser in choosing models whose syntax allows
students to gain knowledge independently through problem-based learning.

The use of appropriate learning models can improve student skills in problem solving.
One of the learning models that can improve problem-solving skills is problem-based
learning (Crebert et al, 2011; Dwi et al, 2013; Cheriani et al, 2015; Cahyani &
Setyawati, 2016; Kadir et al, 2016; Faudiah et al, 2018). Problem based learning is
designed to help students develop their thinking, problem solving, and intellectual skills
independently. Lecturers function as facilitators and motivators and planners in
problem-based learning. Planners must have skills in designing geography learning that
can not only develop students' understanding of concepts but also improve their thinking
skills.

PBL Model direct students to solve problems by finding information based on reality in
the field and then solving them. Write reports on the results of independent or group
investigations in the field based on the rules of writing that are logical and systematic.
Furthermore, students can explain and be responsible for these scientific articles in front
of the class. Other than that, students are also required to have scientific writing skills,
so that thesis writing runs smoothly. (Puspitasari, 2013; Wardani & Sari, 2017).
Therefore, the experience of research becomes an important matter for students before
taking a thesis course.
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Scientific Writing

A scientific article is argumentative writing. Regarding the research process and writing
research reports, scientific articles can be said to be "miniature” research reports. The
purpose of writing scientific articles is a means of expressing ideas or thoughts, as well
as the results of research through various scientific media, such as scientific journals,
newspapers, or for dissemination or research seminar results. The technique of writing
scientific articles is the same as the technique for writing research reports. The
difference is that scientific articles are arranged more concisely (Marwoto et al, 2013).
Some scientific works have been published, and some are not published. Published
scientific works are called scientific articles, for example, scientific journals or
magazines, proceedings, and books. Unpublished scientific works are research reports,
field practice reports, theses, and dissertations.

The ability to write is an essential skill that students need to have. The benefits of
students having the ability to write are: sharper imagination, mastery of language
increases, and increase confidence (Oppenheimer et al, 2017; Yanti et al, 2018). Writing
skill shows the quality of student learning. Therefore, these abilities must be improved
through the learning process. Lecturers can design learning processes that lead to
students' ability to write scientific articles through the selection of adequate models in
learning.

The learning model is the steps of the activities in the learning process. Lecturers are
professionally selective in using models to achieve planned learning goals. The selection
of the right model can affect the achievement of learning objectives. The Problem Based
Learning (PBL) learning model facilitates the ability to research through the second and
third phases. The writing ability of students is facilitated through the fourth phase,
followed by evaluating the results of the discussion and how to present articles.
However, lecturer motivation is needed to improve students’ writing skills as
compensation for limitations that do not exist in the learning steps in PBL (Parra &
Calero, 2019).

METHOD

The research design uses a quasi-experiment with participants consisting of two natural
resource (SDA) classes in the even semester of the academic year 2017/2018 of the
Geography Education Study Program at Kanjuruhan University Malang, Indonesia.
Selection of experimental and control groups based on the average score of the midterm
exam in 4 classes that are almost the same. Class A, B, C, D average score are 85, 80,
75 and 88. Class A as control group consists of 30 students, while Class D as
experiment group consists of 32 students. Control class and experiment class selection
conducted by drawing using coins (Sugiyono, 2010).

The experiment group using problem-based learning model while control group using
conventional models (lecture and book research). At this point, the judgement based on
student skills in problem solving and the ability to write scientific articles individually.
The treatment of learning in the two groups can be seen in table 2.
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Table 2
Treatment design of problem-solving skill variable
Group Pretest Treatment Posttest
Experiment 0, Xy (o)}
Control 0, Xy 0,
Information:
X1 : Problem based learning model treatment
X5 : Without problem-based learning model treatment
0O, : Result (problem-solving skills) of experiment group
0, : Result (problem-solving skills) of control group

The Treatment on scientific article writing skills variable is not using pretest but posttest
only (Hidayat, 2012; Wardani & Sari, 2017). The complete design explanation on table
3.

Table 3
Treatment design of scientific article writing skills variable
Group Treatment Post test
Experiment X, (o}
Control X, 0,
Information:
X : Problem based learning model treatment
X5 : Without problem-based learning model treatment
0O, : Result (scientific article writing skills) of experiment group
0, : Result (scientific article writing skills) of control group

The material of learning was the management of natural resources for human survival on
Earth. Before conducting research, firstly, the semester learning plan and lesson plan
were prepared. After that, their validity and reliability were tested.

Instrument

The instrument used were an essay test and a rubric assessment. Essay tests were used to
measure students' skills in solving problems. The rubric was used to assess students'
scientific writing skills. Essay tests consisted of five questions and had been tested for
the level of difficulty, difference, validity, and reliability. The assessment rubric
contained some indicators for scientific writing. Five aspects were assessed, hamely: 1)
format of the manuscript, 2) creativity of ideas, 3) the topics raised, 4) data and sources
of information, and 5) analysis of synthesis sources of information.

Data Collection

Data collection was obtained from the results of the pretest and posttest, which assessed
students' problem-solving skills. The degree of scientific writing skills was obtained
from the assessment rubric. The article evaluation was done at the end of the lesson to
score their writing skills. The data obtained were quantitative data of students' grades.

Data Analysis

Research data about problem solving skills and scientific articles writing skills of
students on the PBL models are analyzed using parametric statistics. The use of
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parametric statistical analysis by fulfilling the prerequisite tests with normal distribution.
The normality test uses the Kolmogorov-Smirnov test. If the data found is not normally
distributed, non-parametric statistical analysis is used. The data were analyzed using
SPSS version 23.0 for Windows.

FINDINGS

The results showed that the average gain score of problem-solving skills in the
experimental group was 29.06, while the control class was 21.83. The average value of
the posttest score on writing scientific articles in the experimental class was 68.44, while
the control class was 63, explained in table 4. Initial data processing is done by
prerequisite test, the normality at the 0.05 significance level using Kolmogorov-
Smirnov.

Table 4

The result of pretest and post test
Variables Group Average of Pretest  Average of Posttest ~ Gain Score
Problem solving Experiment 50,94 80,00 29,06
skills Control 43,67 65,5 21,83
Writing scientific ~ Experiment - 68,44 -
skills Control - 63.00 -

Based on table 4, gain score is the difference between pretest and posttest score. Gain
Score is used as hypothesis analysis material on problem-solving skills variable.

Problem Solving Skills

The prerequisite test of problem-solving skills showed that the data were not normally
distributed (p =< 0,05) as shown in table 5.

Table 5
Normality test
Group Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Experiment ~ .238 32 .000 .875 32 .002
Control .246

Based on table 5, the next step was to test the hypothesis using mann-whitney test
analysis, explained in table 6.

Table 6

Mann-Whitney test
Mann-Whitney U Wilcoxon W Z Asymp. Sig. (2-tailed)
235.000 700.000 -3.535 .000

Result of mann-whitney test analysis shown p-level 0,000 smaller than 0,05. This is
mean that HO rejected and Ha accepted, so there is influence of problem-based learning
model on problem solving skills.

Scientific Writing Skills
Scientific writing skills of experiment and control classes explained on table 7.
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Table 7
Scientific Writing Skills Distribution Score
Group N Minimum Maximum Mean  Std. Deviation
Experiment 32 55 80 68.44  9.019
Control 30 50 70 59.83  7.008
Valid N (listwise) 30

Mean distribution of scientific writing skills on table 7 shows that experiment class
score is higher than control class. then tested the normality value of experiment and
control class score posttest.

The results of the prerequisite test analysis of scientific writing skills indicate that the
data distribution is not normal (p=>0,05), see table 8.

Table 8
Normality test
Kelas Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Eksperimen 173 32 .016 .892 32 .004
Kontrol 162

Based on table 8, next step is to test the hypothesis using Mann-Whitney analysis test.
See table 9.

Table 9

Mann-Whitney test
Mann-Whitney U Wilcoxon W z Asymp. Sig. (2-tailed)
324.000 789.000 -2.227 .026

Mann-Whitney analysis test result gain p-level 0,026 smaller than 0,05, this is mean HO
rejected and Ha accepted. So, hypothesis test accepted, there is influence of problem-
based learning model on scientific writing skills.

Problem-based Learning Model and Problem-solving Skills Influence on Scientific
Writing Skills

Table 10

Friedman test
N Chi-Square df Asymp. Sig.
62 25.011 2 .000

Based on table 10, gained p-level 0,00 smaller than 0,005, HO rejected and Ha accepted.
This is mean hypothesis accepted, there is influence of problem-based learning model
and problem-solving skills on scientific writing skills.

DISCUSSION
Problem-solving Skills

The results indicated the influence of problem-based learning on problem-solving skills.
The advantage of problem-based learning in each syntax influences student skills in
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problem-solving (Cheriani et al, 2015; Kadir et al, 2016). The orientation to the
problems, the first phase, enlightens students' thinking skills to find solutions. The
problem-solving abilities of students learned using problem-based learning are better
than conventional learning which consists of lectures, discussions, and assignments of
inquiry through literature (Sahyar et al, 2017). PBL is an innovative model; its steps
advance to active learning (Schapper & Mayson, 2010; Balim et al, 2014). The model
was developed to help students improve their thinking skills in solving problems.

The provision of problems related to natural resources material stimulates students'
thinking skills. Problems provide opportunities to increase students' motivation (Amir,
2009). It indicates that the provision of problems provides motivation and challenges for
students that guide to the discovery of solutions that demand critical thinking. Lecturers
can teach problem-solving skills through the first phase of PBL (Nayazik et al, 2013).
The second phase of PBL supports problem-solving through the active role of the
lecturer in organizing student learning tasks. Problem-solving skills can be taught
through problem-based learning models (Argaw et al, 2017). Experiment class student
characteristics that is given problem-based learning model is more active and motivated
to solve problem than control class.

The lecturer gives orientation to problems related to the natural resources material to
students in the first phase. The first phase is the advantage of the PBL. Students are
actively involved in activities to solve problems being solved in groups (Wahyudi et al,
2015). Through problem-solving, students learn to explore examples and then make
hypotheses, describe, and draw conclusions (Crebert et al, 2011). The learning steps in
PBL support independent, active, and critical student learning. Therefore, learning
outcomes in classes using PBL models are better than conventional classes on problem-
solving skills competency. Learning that can improve problem-solving skills is the one
that allows the students to be active in analyzing, synthesizing, investigating, and doing
assignments (Faudiah et al, 2018).

Scientific Writing Skills

Problem-based learning has a significant effect on students' ability to write scientific
articles. The significance can be seen in the results of the Mann-Whitney test, 0,026,
with differentiation on mean score and deviation standard at control and experiment
class. Mean score on experiment class is higher than control class. That differentiation
influenced by difference in treatment on the learning model that is used. The PBL has
learning steps that can influence the ability to write articles, which is in the third and
fourth phases, namely investigation and developing and presenting artifacts or exhibits
(Tarhan, & Acer-Sesen, 2013). Student creativity in finding data independently and in
groups through direct observation and interviews makes it easy for students to write
scientific articles (Schapper & Mayson, 2010; Cheong et al, 2019). The writing ability
of students increases after going through the stages of investigation or investigation,
both individually and in groups (Imelda et al, 2019).

Writing ability requires time allocation and learning steps that can provide opportunities
for students to write the results of investigations in the form of written products. Good
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writing is produced through a process of mentoring from the lecturer and students'
collaboration (Untoro, 2016). In the learning process, students practice to-observe,
summarize, study literature, and write reports (Bean, 2011). Writing produced by
students refers to five determined aspects, namely (1) aspects of content, (2)
organization, (3) grammar, (4) choice of words, and (5) spelling (Pitoyo et al, 2014).
Thus, increasing scientific writing ability can be achieved through the use of learning
models that guide to these competencies.

The Effects of Problem Based Learning and Problem-solving Skills on Scientific
Skills

Understanding the problem is an important indicator of problem-solving skills that must
be trained in learning. This is in accordance with the first steps of the PBL model,
namely problem orientation to students (Tan, 2009; Sota, & Karl, 2017). Problem
orientation trains students in understanding a problem, formulating a solution, carrying
out a solution according to plan, and checking again all steps (Downing et al, 2009).
Students who have problem solving skills affect the way they think and write in making
work in the form of scientific articles. There are differences in learning to write in
students who have high and low-level thinking skills (Klimova, 2013). Lecturers have
the task of planning learning in accordance with the abilities of students through the
selection of learning models that can develop an idea into a scientific article writing
(Borglin, 2012).

PBL models and problem-solving skills significantly influence students' ability to write
scientific articles. Problem solving skills are one component of higher-level thinking
(Carter et al, 2017). These skills train how to analyze problem situations and make
decisions based on analysis. Students analyze the phenomena around them by revealing
evidence and reasons so that they can provide solutions in accordance with the
information and knowledge they get through the investigation process in PBL learning
(Belland et al, 2010; Suntusia et al, 2019). The process of analyzing and solving
problems directs and strengthens students in writing articles through research activities.
The ability to write scientific articles starts from the idea of students analyzing existing
phenomena based on problems given by lecturers (Marni et al, 2019). Problem solving
skills affect the ability to write to students (Shahsavar & Shokrpour, 2016).
Understanding the problem is an essential indicator of problem-solving skills that must
be enlightened in learning. It is following the first steps of problem-based learning,
namely problem orientation (Tan, 2009; Sota, & Karl, 2017). Problem orientation
guides students in understanding a problem, formulating a solution, carrying out a
solution according to plan, and rechecking all steps (Downing et al, 2009). Problem-
solving skills affect the way students think and write scientific articles. There are
differences in learning to write for students who have high and low-level thinking skills
(Klimova, 2013). Lecturers should plan learning following the abilities of students
through the selection of learning models that can develop an idea into a scientific article
(Borglin, 2012).

Problem-based learning and problem-solving skills significantly influence students'
ability to write scientific articles. Problem-solving skills are one component of higher-
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level thinking (Carter et al, 2017). These skills develop how to analyze the problem and
make decisions based on the results of the analysis in groups or independently. Students
analyze the phenomena around them by revealing evidence and reasons so that they can
provide solutions under the information and knowledge they get through the
investigation process in PBL learning (Belland et al, 2010; Suntusia et al, 2019). The
process of analyzing and solving problems points and strengthens students in writing
articles through research activities. The ability to write scientific articles starts from the
idea of students analyzing existing phenomena based on problems given by lecturers
(Marni et al, 2019). Problem-solving skills affect the ability to write to students
(Shahsavar & Shokrpour, 2016).

CONCLUSION

The results showed 1) there was an effect of problem-based learning on students'
problem-solving skills, 2) there was an effect of problem-based learning models on the
ability to write scientific articles, and 3) there was an effect between problem based
learning and problem-solving skills on the ability in writing scientific articles. The gain
score differentiation between experimental and control classes on the problem-solving
skills variable was 29.06 and 21.83, while the average score on the ability to write
scientific articles in experimental and control classes was 68,44 and 63,00.

Referring to the difference in the average value of posttest variables writing scientific
articles in the experimental and control classes was 5,44. Therefore, need improvement
efforts that must be made through the use of models with learning syntax oriented
towards writing skills.

It is recommended to use a learning syntax model directing students to the ability to
write scientific articles, namely the PGBR. Research-Based Geography Learning Model
(PGBR) was developed by having specific learning steps to improve students' abilities in
writing scientific articles. The ability to write articles is very necessary in learning at the
university as a means for students to write ideas or solutions to problems related to the
phenomenon of geography.
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