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Abstract-This study aims to improve the ability of Prospective
Teacher of Elementary School (PTES) in solving problems
related to water, air, and soil themes. Learning was designed in
several themes and was implemented by using problem-based
learning (PBL) model. The effectiveness of the model was then
studied on using experimental research with pretest-post-test
control group design. Subjects in this study were thirty-two
PTES students who attended the basic concepts of chemistry
course. The instruments consists of test (multiple choices test
completed with reasons), interview, and questionnaire.
Questionnaire and interview were used to explore other things
that could not be revealed from the test. Data processing was
done on using quantitative and qualitative ways. Quantitative
data processing was performed by using simple statistics
through the SPSS-16 program. Qualitative data processing was
done descriptively. The results show that, in general, the skills
of PTES students on solving problems significantly increased
after the implementation of PBL models. Student show very
good responses to the PBL activities. The nurturing effect of
the leaning process can be explained based on students’
perception. They said that the learning model could be adopted
and highly applied in elementary school student’s levels.

Keywords—Prospective Teacher of Elementary School, Problem
Solving, Problem-Based Learning, Lectures of Basic Concepts of
Chemistry.

I.  INTRODUCTION

Current external challenges faced by nations of the
world requires a transformation in education. [1] This
transformation can be done through improving the quality of
learning. Learning is an educational process that provides
opportunities for learners to develop their potential to build
an ability that is increasingly rising in terms of attitudes,
knowledge, and skills. These are needed for life, society,
and nation as well as contribute to the welfare of mankind.
[2] Learning should be directed to empower all potential of
the learners, so as to assist in developing their intellectual
ability, social skills, personal ability and other abilities.

To be able to develop all potential of the learners
optimally, it is necessary to have professional teachers who
have high competence to explore the ability of their
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students. In terms of education in elementary school, every
teacher and prospective teacher should be equipped with a
wide range of abilities that can be applied when
implementing the learning in school and have academic
qualifications that are appropriate with their level of
authority. Therefore, every elementary school teacher must
have a minimum education qualification of a Diploma (D-
IV) or Bachelor (S1) in the field of elementary school
teacher education or psychology from an accredited
institution. [3]

One way to equip the ability of teachers and
prospective elementary school teachers in exploring all the
potential of learners is through learning the basic concepts
of chemistry. On learning this, all students are learned
various basic concepts of chemistry. The skills are required
to implement these concepts to be taught in elementary
school. One of the skills is problem-solving skill.

Students’ problem-solving skills need to be trained in
order to make the students get accustomed to resolve the
problems they face in their road to success. [4] Problem
solving is the ability of a person to be directly involved in
cognitive processes in understanding and addressing
problems in real-life situations. [5] Some of the problem-
solving indicator that can be provided to students are to
understand the problem, gather information on ways of
solving the problem, as well as to prepare reports and
evaluation

Problem-solving based learning (PSBL) is an active
learning that provides students with an opportunity to take
decisions on the problems being faced. Through this
learning model, students become active learners. They try to
find the needed information, develop high-level thinking
skills, and develop the right way to solve the problems.

PSBL is very important for students, as it can
develop the students’ scientific skills, from observation,
measurement, determination of hypotheses, problem solving
planning, problem solving testing, and communicating the
results of problem solving. PSBL is one of the
recommended methods in teaching chemistry, because it can
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help students learn chemistry more effective. [6] Through a
problem-solving approach, students can learn in defining
problems, collecting information related to problem-solving,
as well as examining and evaluating alternative solutions to
the problems.

As one of the learning models problem-based
learning (PBL) aims to inculcate a culture of learning by
providing basic knowledge and skills to solve problems. [7]
Another goal of PBL is that students can learn based on the
problems faced, to explain the specific subject matter better.
[8] The main focus of PBL is a learning experience that is
organized around the investigation, explanation and problem
solving. [9] PBL can change students’ habits from recipient
of information into information seekers so as to facilitate the
students learn new knowledge by finding a way to solve the
problem. When students learn through PBL, teachers
encourage students to explore, find solutions, collaborate
with friends, trying new ideas, improve the ideas, as well as
presenting the best solution. [10] This is very important
because all students have to make decisions or solve
problems of socio-scientific based on knowledge. [11] In
PBL, students can work in small groups, as well as learn
what is required to solve the problems encountered in the
subject of basic concepts of chemistry, related to the theme
of water, air, and soil.

Solving problems related to the basic concepts of
chemistry are very important to everyone, because the
chemistry is very important in life. This is because all
aspects of life such as water, air, soil, food, clothing,
medicine, housing, vehicles, and so on related to chemistry.
Similarly, almost all human needs such as televisions,
computers, photocopying machines, among others, come
from the advancement of chemistry. [12] Therefore,
studying chemistry is a powerful motivation in developing
the technology that can make individual life better. [13]
Through the chemistry learning, it is expected that
individuals' life will be easier, cheaper, and better.

Given the importance of chemistry for life, PGSD
students must acquire a solid understanding on matters
relating to chemistry, because they will teach those matters
in elementary schools. Though the chemistry is not
specifically taught in elementary schools, but many of the
basic concepts of chemistry must be mastered by elementary
school students embedded in science subjects. [14]

Chemistry subjects taught to prospective elementary
school teacher must be closely related to their daily lives.
Learning context indicates that students’ learning results
will increase if the assigned materials are relevant to their
lives. [15]

Therefore, learning materials are organized in certain
themes include water, air, and soil. Water, air, and soil are
the most important components of life. Water (H-0) is the
largest component in living things, including humans. The
water that makes up the human body organs vary as the
brain reaches 75%, lung 90%, and the bone is 22%. [16] If
human body lacks of water only slightly, the organs of the
human body will be disrupted. Water used by human must
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be safe for health, and do not contain harmful bacteria for
life. Another important role of water is as a solvent that can
dissolve many substances. Water’s ability to dissolve
various substances can also be detrimental, because it may
cause pollution. Water pollution is one of the problems that
must be solved by applying the science of chemistry.

In addition, air and soil are also important
components in life. The air is needed for breathing, as well
as other activities. At the time of breathing humans inhale
oxygen gas (O2) and emit carbon dioxide (CO>). Similarly,
soil is needed by living organisms for various activities.

1. RESEARCH METHODOLOGY

The study was conducted to improve students' ability
to solve the problems related to the theme of water, air, and
soil. Research subjects were students of an elementary
school teacher education in one of the universities in West
Java, Indonesia, in level of S-1 (32 students as an
experiment group and 32 student as control group). Intake
of research subjects was based on the consideration that the
students of elementary school teacher education learn some
basic concepts of chemistry in courses related to science,
but not all of them have science backgrounds. Therefore,
they must be equipped with a variety of skills needed when
carrying out the task of teaching in schools such as the
ability to solve problems.

The method used is experimental research with
pretest-post-test control group design. This design is the
most commonly used experimental design due to its
recognized strength in controlling threats to internal
validity. [17] Research subjects were given two
measurements, before and after treatment to see the effect of
this treatment on the measurement results. [18]

Experimental: R 01 X 02
Control: R O3 04
Note: R=Randomization, O= Testing, X=Treatment.

To determine the achievement of the research
objectives, research instrument consisting of test questions,
interviews, questionnaires, and observation report of the
problems found in everyday life related to the theme of
water, air, and soil were used. The test items used were 30
multiple-choice questions that come with reason or other
information to reinforce the answers given. The test
questions cover all aspects of learning, covering aspects of
the content, context, process, and scientific attitude. In
practice, all research subjects were given a set of chemistry
literacy problem, to be solved in 120 minutes. Their seats
were also designed in such way and are carefully
supervised, so that they would not be able to cooperate in
answering the questions.

Besides the test, an interview was also conducted to
reinforce the answer that have not been revealed yet. The
interview was conducted in the form of open-ended
interview. This interview allows the interviewer to search
for and identify any responses given by the questions that
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have been arranged. [19] In this interview, questions and the
order of the words in question were determined in advance,
so that all the interviewer were given the same basic
questions to be developed further. [20]

In addition to test and interview, a questionnaire was
also used. The questionnaire used is a direct questionnaire,
where respondents answered directly and reassembled
directly after filling. This questionnaire was used among
others to know the background of the student, the student
motivation in following the basic concepts of chemistry
courses, student interest, student needs, the suitability
between the material provided to the needs at work, as well
as students’ feedback regarding the implementation of
learning. In addition, an assessment was conducted on the
results of observations in order to determine the ability of

students in solving problems in life that are related to the
theme of water, air, and soil.

Il RESEARCH RESULTS AND DISCUSSIONS

As it was studied before, the PBL was implemented
in experiment group, whether the controlled group was
threated under conventional learning (conceptual approach
with discussion session). Both of group did the pre and
posttest with the same test, show that in general students
learning in experiment groups experience increased ability
in solving the existing problems related to the theme of
water, air, and soil in the course of the basic concepts of
chemistry. The trend of N-Gain increasing of both group is
shown by Table 1.

Table 1. N-Gain Increasing of Both Group

Average pretest Average posttest Average %
Group . . Ave . . Ave : N-Gain
Water Air Soil rage Water Air Soil rage N-Gain
Experiment 63.24 64.54 | 65.85 | 64.54 | 78.13 | 84.29 | 85.73 | 82.72 18.18 0.51
Control 65.37 67.15 | 68.94 | 67.15 | 75.00 | 79.97 | 82.77 | 74.25 7.10 0.22

The average of pretest shows that the students from
both group were able to answer the problem-based questions
despite the moderate category. This is most likely because
they have prior knowledge regarding the materials to be
taught. But their responses were not systematic due to the
fact that they have not learned about the flow of knowledge.

In students’ ability to solve problem, related to the
theme of water, air, and soil the posttest from both of group
after learning shows significant increase. Problem solving
skills of both of group are enhancing in high category.

Table 2. Normality Test Result One-Sample Kolmogorov-Smirnov Test

Pre Post | pretest | Post | pretest | Post | pretest | posttest | pretest Post | pretest | Post test
test test |airexp | test | soil test | water | water |aircontr |testair [ soil |soil contr
water | water air exp soil contr contr contr | contr
exp exp exp exp
N 32 32 32 32 32 32 32 32 32 32 32 32
Normal Mean 63,23 | 78,125 | 64,540 | 84,2 | 65,849 | 85,733 | 65,365 74.9994 | 67,1478 79,966 | 68,942 82,7669
Parameters 78 3 0| 859 4 8 0 3 5
2,641 15,6543 |2,4741 ] 3,92 | 3,2897 | 4,1977 | 3,2515 4,1728 | 3,2144
ab ’ ' ’ ’ ’ ] il ’ ’
Std. Dev 03 4 ol 119 0 9 7 4,26415 | 3,90433 0 4 3,77853
Most Absolute 173 ,194 1711 ,159 ,155 ,143 ,125 ,185 ,164 ,164 ,240 ,161
E)'(]E;eme Positive 173 114 157 1,153 ,155 ,143 ,125 ,185 ,164 ,164 221 ,161
ifference -
s Negative 1151 -194| -171 159 -088| -079| -,083 -,125 -148 | -,154| -,240 -,106
?O'mogom"’sm'mo" 976 1,00| 965|000 879 811| ,709| 1,045 929 929| 1,358 913
Asymp. Sig. (2-tailed) ,297 ,178 ,310 1,393 423 527 ,696 ,225 ,354 354 ,050 375

a.  Testdistribution is Normal.

b.  Calculated from data.

Based on Table 2, it is found that the p-value of each test variable> 0.025 (0/2). Because of this normal distribution
of data, t-test was conducted after wards. The complete t-test results is listed in the following Table 3 and 4.
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Table 3. T-Test Results Experiment Group
Paired Samples Test
Paired Differences
Std. std. 95% Confidence Interval of the t df ?igl- 32-
Mean | Deviatio | Error Difference ailed)
n Mean Lower Upper
pair1 Pretestwaterexp - ) gaz50f 437954 | 77420 -16,46649 1330851 | -19.229 | 31 | 000
posttest water exp
. pretestairexp - | B ) B
Pair2 L testairexp | 1974594 3.27837 | 57954 20,92792 18,56396 34,072 | 31 ,000
pairg  Pretestsoil exp- 41 q a00071 457701 | 80927 -21,53489 -18,23386 | -24571 | 31 ,000
posttest soil exp
Table 4. T-Test Results Control Group
Paired Samples Test
Paired Differences
Std. Std. 95% Confidence Interval of the t df Sig- (2
Mean | Deviatio | Error Difference tailed)
n Mean Lower Upper
pairy Pretestwatercontr -t g ga4081 599426 | 52931 -10,71392 855483 | -18202 | 31 | 000
posttest water contr
pairp  Pretestaircontr- 4 ., 01044 339047 | 60095 -14,04408 11,59280 | 21,330 | 31 ,000
posttest alr contr
pairg  Pretestsoil contr- {15 00107 4 67746 | 82687 -15,51078 1213797 | 16719 | 31 | 000
posttest soil contr

The data obtained indicates that the problem-based
learning is helping students solve problems in life. Shows
that there are significant differences in the value of pretest
and posttest for the experimental and control groups. The
students learn not only based on the theory that exist in
textbooks alone, but also based on the problems found in
real life situations. By the problems, the students learn the
theory found in textbooks and aplied it in in real life. PBL is
not designed to help teachers convey information to students
in detail, but rather to help students develop thinking skills,
problem-solving skills, as well as intellectual skills. [21]
The teachers only responsible to facilitate the learning
process, provide training to students in solving problems, as
well as a guiding student to obtain relevant information.
[22]

Improvement in learning outcomes occurs because
students were directly involved during the learning.
Students were actively involved in looking for problems,
developing theory to solve the problem through reading
literature or direct observation to the field, as well as finding
alternatives to solve their problems. In other words, students
have a big role in solving problems. Active learning can
help students develop a sense of curiosity, a desire to apply
their knowledge, develop skills in learning, as well as
preparing themselves for the future. [23] Active learning
also can provide a strong conceptual foundation in students

and help them in solving the problems. [24] Through active
learning, students are encouraged to learn more deeply
about the problems faced and ways of solving these
problems, so the ability of students will be increased. The
students will also realize that they will have benefit from the
results of reading and observation that they had done
problems. They will come to class in a condition ready to
learn, because they have obtained information from various
sources.

Based on interviews and observations during the
learning process, student success in solving the problems
related to these themes occur because the learning model
encourage them to be more active and creative in finding a
variety of literature and other information based on the
results of field observations to be solved together in the next
step. This learning approach is found beneficial in
enhancing the cooperation between students, resulting in the
exchange of ideas between students with each other. Also,
based on the report of their observations it is found that they
carry out observations seriously to the problems that occur
in the field, and seek information from the literature and the
interviewee as a resource. They found some ways to
overcome the existing problems related to the theme of
water, air, and soil.

Although in general there the students' ability to
solve problems, are increased but there are some students
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who are still not able to finish it well. Their weakness is
primarily concerned with the use of chemistry concepts such
as determination of the molecular formula, giving the name
of the chemical compound, writing equation, determining
the outcome of a chemical reaction, and the concentration of
the solution. Based on the interviews and questionnaires
given to students, their inability to solve the problem are
because their educational background is not from science
program. For some of them, that was their first time
experience to learn about chemistry. Based on the results of
questionnaires, more than a half of the students don’t have
science education background.

IV.  CONCLUSION

Based on the research, it is concluded that in general
the students' ability to solve problems before and after
learning are significantly different for each theme. Problem-
based learning can help students solve problems related to
the theme of water, air, and soil. Based on statistical test it is
known that there are significant differences between the
results of pre-tests and post-test for each theme. The result
of reinforced the conclusion interviews and observations
during the learning process. Through the learning, students
can determine the problem, look for alternatives that are
considered appropriate to solve the problem, and propose
ways to overcome the problems.

PBL can be used by teachers in implementing the
learning in the classroom, both to the university students
and school students. In other words, the learning model can
be implemented in schools, including elementary schools. In
practice, this learning model can be done in groups design.
To achieve more effective learning and encourage student
collaboration with other friends, it is recommended to
implement the model in small groups.
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