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Abstract— This study aims to determine the differences of
cognitive learning outcome and problem solving skills between
classes taught by using problem solving learning model through
Schoology and problem solving Polya model in solubility and
Constant Solubility Product material. This quasi-experimental
research employed the non-equivalent control group design and
was conducted at class XI-MIPA of SMAN 8 Banjarmasin. This
research used a purposive sampling technique. The data were
collected by using test and non-test instrument. They were
analyzed using a t-test, Wilcoxon signed rank test and descriptive
analysis. The result of this study showed that there are
differences in cognitive learning and problem solving skills
significantly between students who learned by using problem-
solving learning model through Schoology and problem solving
Polya model. The cognitive learning achievement of students who
learned by using problem solving learning model through
schoology was better than those who learned by using problem
solving Polya model.

Keywords— Cognitive Learning Achievement; Problem Solving
Skill; Schoology; Solubility and Constant Solubility Product.

I. INTRODUCTION

The 21st century is known as the era of information
technology and globalization. Information technology and
education are two things that are growing very rapidly and
cannot be separated in this modern era. Technological
development is expected to support and improve the quality of
education in schools.

Education in the 21st century relates to new problems in the
real world. Problem solving based learning approaches relate to
the use of intelligence from individuals who are in a group of
people or the environment to solve problems that are
meaningful, relevant, and contextual [1]. In this modern era, we
need human resources which are not only intelligent but also
have the ability to solve problems. Education, especially
science, is a factor for students to learn to think to solve
problems in learning so that they can apply these problem-
solving abilities in everyday life.

As it is the case for science education in general, the
existing body of chemistry education research mainly
highlights problems and challenges [2]. Students’ attitudes and
interest in chemistry are often reported to be negative [3][4],

and international projects such as PISA indicates that students’
knowledge of chemistry content is declining [5][6]. Moreover,
chemistry is perceived to be difficult [7][8] and abstract [8].
Students’ cognitive learning outcomes on solubility and
constant solubility product material at SMAN 8 Banjarmasin
can be seen from the national exam results show still fairly low
at only 24.49%. In the level of Banjarmasin City, South
Kalimantan Province, and national respectively were: 25.49%,
27.63%, and 46.66% [9]. Based on these data it can be seen
that students learning outcome results are still low so that
learning improvements in that material are needed.

Various explanations for these perceptions have been
suggested: [10] claim that students focus excessively on
memorizing facts and formulae rather than understanding
concepts and developing problem solving skills, while [11]
relate students’ difficulties in chemistry to their limited
informal everyday experiences with the subject. Consequently,
different strategies have been developed to connect chemistry
to higher order thinking and interesting and relevant everyday
life areas, e.g., problem solving approaches.

The alternative solution for improving students learning
outcomes and problem solving skills in chemistry is problem
solving learning models. Problem solving ability is the core of
problem based learning that trains students to solve problems to
be applied in life [12], and examines problem solving during
meaningful tasks for the promotion of higher order thinking
and the cognitive aspects of students’ learning [13]. Problem
solving is a research area that has been studied in chemistry
education for several years and is unquestionably important
[14] [15].

Problem solving ability is one of the important abilities that
students must possess. There are four phases to solve the
problem. First, we have to understand the problem. Second,
devise a plan to see how the various items are connected, how
the unknown is linked to the data, to obtain the idea of the
solution. Third, carry out the plan. And then, look back at the
complete solution, we review and discuss it [16].

Schoology is a learning management system that provides
facilities to teachers and students to interact in a learning
environment through online social networks [17]. Through the
problem solving learning model, students construct concepts
learned independently with the help of various learning sources
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obtained online so that students are motivated to learn [18].
There was an increase in learning outcomes of students using
schoology assisted learning [19]. The learning that utilizes
technology in the form of the web can improve students'
problem solving abilities. Based on the research, it was found
that there was an increase in students’ problem solving ability
after being given assignments through learning that combined
face-to-face learning with online learning [20].

The ability to understand the relationship among concepts,
maturity in reasoning, and active involvement in learning is a
necessary part of solving problems. Through learning using a
Problem solving, learning model through Schoology is
expected to have a positive influence on students' ability to
solve problems. The study would determine the differences in
cognitive learning outcomes and problem solving skills
between the classes taught by using Problem Solving-
Schoology and Problem Solving Polya in solubility and
constant solubility product material.

Il. METHOD

A. Research Design Selecting

This study used the quasi-experimental method with the
non-equivalent control group design conducted at class XI-
MIPA of SMAN 8 Banjarmasin Academic year 2017/2018.

B. Sampling Technique

The sampling technique used in this study was a purposive
sampling [21]. The samples chosen were the XI-MIPA 4 class
as an experimental group that consists of 29 students and XI-
MIPA 3 class that consists of 25 students as a control group.

C. Instrument and Data Analysis

The instruments in this study were test and non-test. The
tests function to measure the students’ cognitive achievement
and problem solving skills. The cognitive achievement test was
in the multiple choice form, and problem solving skills test was
in the essay form. The indicators of problem solving skills used
in essay form were understanding the problem, devising a plan,
carrying out the plan, and looking back. The judgment of five
validators determines the validity of the instrument. The
validators were four chemistry lecturers of FKIP ULM
Banjarmasin and one chemistry teacher from SMAN 8
Banjarmasin. Based on a calculation using the equations CVR
(Content Validity Ratio), the obtained result was = 1. This
result indicates that the instrument of cognitive achievement
test and problem solving skills test were valid [22].

The valid instruments were subsequently tested before
being used in research to determine the level of reliability.
Based on SPPS 23 version calculations by the Cronbach alpha
formula, the obtained value of the degree of cognitive
achievement test = 0.780 and problem solving skills test =
0.680. If the reliability value is more than 0.6, it indicates that
the instruments are reliable [23].

Data were analyzed using descriptive and inferential
analysis. The inferential analysis used in this research was a t-
test. T-test term refers to the test of normality and homogeneity

of data. This test aims to determine whether there is a
difference is generated between the control group and the
experimental group. The attitude data was analyzed by
Wilcoxon signed rank test.

I11. RESULTS AND DISCUSSION

A. Result

1) Student Learning Achievement
The students were given a pre-test before learning to know
their initial cognitive learning achievement. After learning
process ended, the students were given a post-test to determine
their cognitive learning achievement. Data of pre-test and post-
test of cognitive learning achievements is displayed in Table 1.

TABLE I. PRETEST AND POSTTEST RESULTS OF STUDENTS’
LEARNING ACHIEVEMENT
Learning Frequency Frequency
Result Category Experiment Class Control Class
(%) Pretest Posttest Pretest Posttest

91 -100 Very good 0 6 0 3
83-90 Good 0 8 0 2
75-82 Enough 0 8 0 9
<75 Less 29 7 25 11
Total 29 29 25 25

Based on the data in Table 1, we can calculate the average
value of a class than can be seen in Table 2.

TABLE II. AVERAGE VALUE OF STUDENTS’ LEARNING ACHIEVEMENT
value Experiment Class Control Class
Pretest Posttest Pretest Posttest
Lowest 10 60 10 60
Highest 50 100 50 100
Average 32.07 84.14 31.60 76.80

Data of cognitive learning results of the two subsequent
classes are categorized based on the applicable standard of
completeness. The data from Standard of Minimum Learning
Mastery (SKBM) can be seen in Table 3.

TABLE II1. STANDARD MASTERY OF LEARNING
value Experiment Control Information
Class Class
<75 7 11 Not Complete
>175 22 14 Completed
Class Completeness (%) 75.86 Completed

Data of cognitive achievement obtained from the pre-test
and post-test data is then processed into N-gain to determine
the extent to students in each class that has increased cognitive
achievement after participating in the learning on the solubility
and constant solubility product material. The average N-gain
obtained and interpreted by the criteria proposed by [24] as
shown in Table 4.
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TABLE IV. INTERPRETATION OF N-GAIN STUDENTS’ LEARNING TABLE VIIl.  THE RESULT OF THE WILCOXON TEST STUDENTS’ ATTITUDE
ACHIEVEMENT
Class Average N-gain Category Class N | Standard | Standardized Sig. Information
Experiment 0.77 High Error Test Statistic
Control 0.66 Medium HO retain
Experiment 29 i
_ _ _ P 30655 | 0.979 0.328 ;g‘r’]ﬁc;fn no
Based on the calculation of normality and homogeneity test [~ 25 ditference

of pre-test and post-test data, the data on students' learning
achievement was normal and homogenous. Therefore, the
hypothesis analysis can use t-test.

The t-test was used to determine the difference of student’s
learning achievements between experiment class and control
class. The t-test result is seen in Table 5.

2) Problem Solving Skills of Students
Students were given a pre-test before learning to know their
initial problem solving skill. After the learning process ends,
the students are given a post-test to determine their problem
solving skill. Data of pre-test and post-test of problem solving
skill can be seen in Table 9.

TABLE V. THE RESULTS OF T-TEST STUDENTS’ COGNITIVE LEARNING
Class N Df X SD2 tcount t-bre Information TABLE IX. PRETEST AND POSTTEST OF PROBLEM SOLVING SKILL
Ho rejected Frequency Frequency
i 29 84.14 | 132.27 i
Experiment There is Experiment Class Control Class
52 2.190 P Value Category
Control 25 76.80 | 156.00 2007 significant Pre- Post- Pre-test | Post-test
: : difference test test re-tes ost-tes
81 — | Developing 0 10 0 3
Based on SPPS 23 version, calculations were done by the | 100 very well
related-samples Wilcoxon signed rank test. The test was used | g1 _go | Already —well | 9 0 10
. . A . . . developed
to determine the difference of student’s learning attitude in  —-—p5 Developed 0 9 0 9
curiosity between pre-test and post-test. The test result is in Already
Table 6. 21-40 developed 0 ! 0 8
0-20 Undeveloped 29 0 25 0
Total 29 29 25 25
TABLE VI. THE RESULT OF WILCOXON TEST STUDENTS’ ATTITUDE IN
CURIOSITY R
Based on the data in Table 9, we can calculate the average
Test | N | Standard | Standardized | oo |0 mation value of a class than is seen in Table 10.
Error Test Ststistic
Pre- Ho rejected
test 29 | 15.900 3.300 0.001 Ther_e_ is TABLE X. AVERAGE VALUE OF PROBLEM SOLVING SKILL
Post- significant -
test difference Value Experiment Class Control Class
Pre-test Post-test Pre-test Post-test
. . . . Lowest 4.44 40.00 1.11 37.78
This result is basec_i on SPP_S 23 version calculations by Highest 1778 9111 18.89 58.89
the related-samples Wilcoxon signed rank test. The test was Average 10.96 69.81 3.08 60.49

used to determine the difference of student’s learning attitude
in responsibility between pre-test and post-test. The test result
is shown in Table 7.

TABLE VII.  THE RESULT OF WILCOXON TEST STUDENTS’ ATTITUDE IN
RESPONSIBILITY
Standard | Standardized . .
Test N Error Test Statistic Sig. Information
Pre-test Ho rejected
There is
Post-test 29 10.290 3.207 0.001 significant
difference

The result is based on SPPS 23 version calculations by the
related-samples Wilcoxon signed rank test. The test was used
to determine the difference of student’s learning attitude
between experiment class and control class. The test result can
be seen in Table 8.

Overall, the percentage of post-test classification at each
indicator of problem solving skill of experimental classes and
control classes are shown in Figure 1.
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Fig. 1. Percentage of the average results of the students’ problem solving
skill on every indicator of experimental class and control class
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Data of problem solving skill obtained from the pre-test and
post-test data is then processed into N-gain to determine the
extent to students in each class that has increased problem
solving skill after participating in the learning on the solubility
and constant solubility product material. The average N-gain
obtained and interpreted in Table 11.

TABLE XI. INTERPRETATION OF N-GAIN STUDENT’S PROBLEM SOLVING
SKILL
Class Average N-gain Category
Experiment 0.68 Medium
Control 0.60 Medium

Based on the calculation of normality and homogeneity test
of pre-test and post-test data, the data on students’ problem
solving was normal and homogeny. So, analysis of the
hypothesis can use the t-test.

The t-test was used to determine the difference of student’s
problem solving between experiment class and control class.
The t-test result is displayed in Table 12.

TABLE XII.  THE RESULT OF T-TEST STUDENTS’ PROBLEM SOLVING
SKILL
Class N | Df X SD2 t-count | twpe | Information
Experiment | 29 219.77 Ho rejected
P 69.81 There s
52 2.248 | 2.007 L
significant
Control 25 60.49 224.11 difference
B. Discussion

1) Student Learning Achievement

Cognitive achievement tests were performed twice: before
learning (pre-test) and after learning (post-test). Based on the
result of the homogeneity test, pre-test results of students in the
experimental class and control indicate as homogeneous. Also,
based on the results of inferential analysis using t-test on the
pre-test, the students in both classes have no significant
differences in cognitive achievements between experimental
and control class.

Based on the test result of inferential analysis using a t-test,
there is a significant difference in the result between the two
classes after being given the treatment. The difference is due to
the learning achievement of the experimental class using
Problem solving learning model through Schoology and
learning achievement in class control using Problem Solving
Polya. Problem solving learning model through Schoology can
create a conductive atmosphere of learning. This result is
because the students are more active, more likely to be
enthusiastic about accomplishing the given tasks, and of
course, it will affect their learning achievements.

Comparison of improvement of students’ cognitive learning
achievements in the experimental class and control one can be
known by determining the value of N-gain in both classes of
the pre-test and post-test for each class. The research showed
the average value of the two classes of N-gain, then they are
compared to determine which class whose cognitive learning

achievement is better. The average of N-gain of the
experimental class is 0.77, and it is included in the high
category, while the average of N-gain of the control class is
0.66 and it is included in the medium category. It can be said
that the Problem solving learning model through Schoology is
more effective in improving the students’ cognitive learning
achievements in this research. The percentage of completeness
of the experimental class learning outcomes was 75.86%.
These results indicate that the experimental class has a higher
achievement than the control class.

The result of this study is in line with the previous study
which stated that the learning model with web-assisted could
improve learning outcomes and student perceptions. The
findings obtained are because students who use these learning
can reduce the risk of memory loss and can increase the value
of the examination [25]. Also, the other study shows an
increase in learning outcomes of students by using Schoology
[19].

Attitude achievement is the impact of the accompaniment
of the results of a learning process as a result of the creation of
a learning atmosphere experienced by students. Students’
curiosity and responsibility increase significantly before and
after learning. The attitude of students has developed in a good
category so that more steady habituation of the internalization
of aspects of attitude requires a longer and more continuous
time [26] [27]. In problem solving, students will be accustomed
to understand the problem, make a plan before doing
something, monitor, and evaluate all their actions so that it will
form a competent and good character human resources.

Comparison of the improvement of students’ attitude
learning achievements in the experimental class and control
class does not have a significant difference. This result
indicates that the two learning models applied to the
experimental and control classes provide almost the same (no
different) improvement.

2) Problem Solving Skills of Students
The description of the four stages problem solving Polya
Model in the classroom is as follows:

e Understanding the problems: Knowing what is known
and unknown, and what requirements are known.
Students are familiarized to write what is known and
what is asked in the problem, so they can think about
the requirements needed and know which direction to

go.

e Devising the plan: In this stage, students find the
relations between data and the asked one or the proven
one. They choose the most suitable theorem or
concept and determine the most appropriate way to
solve the problem. Students are familiarized to write
down the needed formula or theory which related to
the problem.

e Carrying out the plan: Students provide the
computation part of the problem or maybe the solution.
They may use facts, formula, theorems or postulates to
validate their answer. Students check each step and
prove that the steps are correct.
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e Looking back: Students re-check the obtained result by
comparing the obtained answer with the problem and
write down the conclusion of the asked question.

Problem solving skills tests are performed twice: before
learning (pre-test) and after learning (post-test). All the
students in the experimental and the control classes still have
undeveloped problem solving skills. Therefore, the students in
both classes have equal problem solving skills. The data of t-
test in pre-test results show that there is no difference in the test
problem solving skills in the experimental class compare to the
control class. Based on the inferential analysis using t-test on
the post-test data from experimental and control classes, there
is a significant difference in the test result. The experimental
class students are better than the control class students.

The difference of problem solving skills results between the
two classes is because the experimental class was taught using
the Problem solving learning model through Schoology while
the control class was taught using the model of Problem
Solving Polya. Problem Solving-Schoology derives by a
constructivist theory which states learning is the process of
formation (construction) of knowledge by students themselves.
Meanwhile, Piaget argued that knowledge is a human creation
constructed from his/her experience, the process of formation
runs continuously, and every time there is a reconstruction
because there is a new understanding [28].

Schoology is online learning, classroom management, and
social networking platform that attempts to improve learning
through better communication, collaboration, and increased
access to curriculum and supplemental content [29]. Through
Schoology, students can download material that has been
uploaded by the teacher in Schoology. Also, Schoology
provided learning videos to attract and facilitate students in
independent learning. Examples of questions that will help
students in forming knowledge and understanding the material
as well as examples of problem solving problems that will
stimulate students to have discussions are presented in
Schoology. In addition to being given examples of questions, in
the material, questions that must be tried by students are
provided. These features can facilitate students in learning
independently and also help students to become more
enthusiastic in participating in learning because so far most
students feel saturated and bored with material that is always
presented through textbooks. It can develop students’
knowledge and students' problem solving abilities.

When implementing learning using the Problem Solving-
Schoology model, students are given learning materials that
have been designed to train problem solving skills. Learners
can express questions, opinions, and ideas clearly according to
[30] study that online learning of students is free to learn
subject matter independently by utilizing learning resources
available online and sharing source files with other students.

This schoology-assisted learning enables students to gain
knowledge and investigate problems through the internet so
that it will form a learning experience that is enjoyable for
students. Based on the meaningful learning theory by Ausubel,
to form meaningful new knowledge, prior knowledge needs to
be activated by the introduction of material given through
schoology as basic knowledge for students [31].

When the students solve the problem, they are allowed to
gain experience using their knowledge and skills to solve non-
routine problems, which is more directed to process problems
[32]. The implementation of problem solving learning model
through Schoology would make students get a pleasant
experience by conducting investigations and discussions online
which can improve students' knowledge and problem solving
skills. Through learning with pleasant problem solving students
will remember the lesson better [33]. In addition, through the
learning model of problem solving students can independently
construct concepts learned with various learning resources
obtained online so that they are motivated to learn [18].

Through the Problem solving learning model through
Schoology, students are trained and given the freedom to
construct the knowledge acquired by themselves [31]. It also
causes differences in the category of development of students'
problem solving abilities due to differences in learning
independence built by students themselves which will be
discussed in the analysis of problem solving abilities.

Overall, the students have improved problem solving skills
on each indicator. The results of problem solving skills test
indicate that the highest percentage indicators achieved are an
indicator of understanding the problem and carry out the plan.
The lowest percentage indicators achieved is devised a plan
and look back. It is because students are not used to solve
problems in sequence yet. Students are accustomed to working
on problems directly to the action, not to careful planning first.
This result is also supported by [34] that the main obstacle in
the application of the problem solving skills by Polya is that
students are not used to solving the problems using Polya
stages, especially regarding making plans and checking again.
The real problem-solving ability lies in the idea of developing a
solution plan. So at this stage, it is necessary for students to
think critically. At the stage of implementing the solving plan,
students will explore all the concepts and procedures that have
been learned so that they can solve problems correctly [16]. It
is in line with the research that the indicators achieved by
students with a high percentage are understanding the problem
and carry out the plan, while the lowest indicator is look back
and devise a plan [35].

By training and familiarizing students in completing a
problem solving at the time of learning, of course, students'
problem solving abilities will develop optimally. By presenting
a problem to students will make students become motivated to
find answers and actively investigate the subject to fulfil their
curiosity. There is a problem of helping students learn a set of
concepts and ideas and with group discussions will give
students the experience of solving problems. It is this
experience that activates their problem solving abilities so that
their abilities develop [36].

Problem solving model can be combined with e-learning
which aims to cover the shortcomings in problem solving
models that are carried out face-to-face because both e-learning
and face-to-face learning has its advantages and disadvantages
so it can complement each other. Problem-based learning can
utilize schoology facilities collaboratively in problem solving.
The problem solving skills of students is very important for the
success of chemistry learning. If students are actively involved
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in the learning process, and problem solving skills are also
honed, then the problem solving learning model is assisted by
schoology. Learning steps with problem solving models require
students to have a strong concept of chemistry. The concept is
used as a basis for problem solving activities.

Based on the results of the research that is in line and
findings in this study, it can be concluded that the problem
solving learning model assisted by schoology can improve
problem solving skills in learning chemistry, especially the
novelty and solubility results.

3) Relationship Between Cognitive Learning and Problem
Solving Skill
The students’ cognitive learning outcome is believed to
influence the students’ problem solving skills. It can be seen
that the student who reached the highest score in class having
problem solving skills have developed very well (score 91.11).
Seen from the cognitive learning, She is in very good/optimal
level (score 100) and has reached SKBM (minimum standard
of learning mastery). Based on the analytic data from
Schoology the total time, of course, is 2:00:37 with 15 number
of post. It is seen from the student with the lowest score having
already developed problem solving skills (40.00). Seen from
the cognitive learning, She is in less level (score 60) and has
not reached SKBM. Based on the analytic data from Schoology
the total time, of course, is 11:48 with 4 number of post in the
discussion at Schoology.

The knowledge has a large and strategic impact on problem
solving skills. It implies that the knowledge that has been
possessed by someone will help a lot in the whole process of
problem solving at every step [37]. In problem solving,
students are allowed to gain experience using their knowledge
and skills to solve non-routine problems, which is more
directed to process problems. Thus, the knowledge possessed
by students relates to problem solving abilities. Experience and
knowledge formed through problem solving assisted learning
models with Schoology have an impact on students' problem
solving abilities [32]. Furthermore, schoology can improve the
learning outcomes of students' knowledge because it is easily
accessible; students have a target value, understand the lesson
better, and are more active during the lesson so that it has an
impact on the learning outcomes of learners' knowledge [38].

Based on calculations by the product moment correlation,
there is a positive correlation between cognitive learning
outcomes and problem solving skills. The obtained value is
0.908 that indicates a very strong correlation.

Based on observations and discussion, the findings obtained
are:

e Problem solving learning model through Schoology can
improve students’ learning to develop skills such as
problem solving skills of understanding the problem,
devising a plan, carrying out the plan, and looking back
in solving the problems.

e Problem solving learning model through Schoology can
facilitate students because the material to be delivered
has been given before learning in class so that students
who have learned the material given will be easier to

follow the learning and the learners still can re-read
material that they still do not understand.

IVV. CONCLUSION AND RECOMMENDATION

Based on the results and discussion of the study, it is
concluded that: (1) There is a significant difference in cognitive
learning outcomes between the students who learn the material
of solubility and constant solubility product using Problem
solving learning model through Schoology in the learning
activities and those who learn the material of solubility and
constant solubility product using Problem Solving Polya
model. (2) There are significant differences in problem solving
skills between the students who learn the material of solubility
and constant solubility product using Problem solving learning
model through Schoology in the learning activities and those
who learn the material of solubility and constant solubility
product using Problem Solving Polya model.

The suggestions given are:

e The teachers, especially chemistry teachers, can
consider implementing the problem learning a solving-
schoology model to develop problem solving skills and
to optimize students’ learning outcomes. Furthermore,
this learning model can also be applied to overcome the
lack of time allocation by face-to-face learning.

e It is suggested to prospective researchers to conduct a
study using other webs more optimally to be able to
study the problem solving skills and learning outcomes
of students in addition to those that have been used in
this study.
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