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Abstract:
The abundance of chemical concepts and general chemistry lessons that tend to be
monotonous and have not yet considered the ability of mathematical thinking to cause
problems in learning that resulted in low student learning outcomes. Even though the
concept can be related to students' daily lives by applying effective learning models in
accordance with teaching materials. The purpose of this study was to determine whether
there were significant differences in learning outcomes between the classes taught with
PBL models and the classes taught in the DI model in the General Chemistry course at the
Chemistry Education department of FMIPA Unimed. The population consists of 2 classes,
each of which consists of 26 students taught with different learning models. After the data
is tested normal and homogeneous by using SPSS, the hypothesis is tested using t test.
Based on the results of the hypothesis test, it is known that the value of Sig. 0.065 <0.10.
So it was said that there were significant differences in learning outcomes of classes taught
with PBL models with classes taught with the DI model in General Chemistry courses. This
study concludes that for the General Chemistry subject learning, it is better to use the PBL
model than the DI model.
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Introduction
Improving human resources in Indonesia, for instance by renewal in the field of education, namely by

improving the quality of educators and education personnel by taking advanced study programs
that are relevant in domestic and abroad, conducting training and upgrading, implementing Tri
Dharma Perguruan Tinggi for lecturers, the existence of lecturer certification, Higher Education
Accreditation and so on.
In the conditions of cognitive conflict, students are faced with three choices, namely (1)
retaining their original intuition (the ability to understand something without reasons, rationality,
and intellect); (2) revising some of their intuition through assimilation; and (3) changing their
views and accommodating new knowledge (Rhedana, 2017).
But the reality on the ground shows that educational achievement in Indonesia is still far below
other Asian countries. Based on the United Nations Development Program (UNDP) report, it was
seen that the 2013 HDI (Human Development Index) was ranked 121 of 187 countries. Whereas in
2015, it is still around the order of 108 out of 187 countries (UNDP, 2015).
Chemistry studies about the composition, structure, properties, changes in material, and
changing energy changes. Chemistry subject can be packaged more simply than it actually is.
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Learning especially chemistry lessons, teachers are required to have adequate ability in carrying
out their learning activities and must be able to realize an effective learning environment and are
better able to manage their class so that student learning achievement is high.
The 2012 results of the Program for International Student Assessment (PISA) show that the
science scores achieved by Indonesian students are also still below the international average score,
which is 382. This achievement ranks Indonesia 64th out of 65 participating countries (Dalgamo,
2009). According to data from the Ministry of Education and Culture Indonesia the average score
of the National Chemistry Examination in 2014/2015 from 67,478 students is 77.90 where 70.00.
This shows that there is still a need to increase the value of Chemistry learning in Indonesia.
In Unimed, the subjects which are closely related to the mastery of basic chemical materials
are General Chemistry courses. From the profile data of the organizer of the subject education
process with General Chemistry shows that the results of the General Chemistry course joint
examination for the last 5 years are still low, where in each semester it does not reach 50%
graduation. The learning done so far is still dominated by lecturers and has not considered the
learning model. In this study, in addition to the Direct Instructional (DI) model that has been
commonly used, Problem Based Learning (PBL) learning models will be used (Nasution et al. 2018;
Harahap et al. 2018; Lukman et al. 2019; Sinambela, 2019). The use of the right learning model is
one of the important things as a means of teaching and learning activities to convey knowledge
to students and improve learning success (Assriyanto, 2014).
General Chemistry Courses are compulsory subjects for new students, Semester 1 and 2 at
FMIPA Unimed. This is because this course is a joint subject that must be mastered to be able to
achieve a bachelor's degree at FMIPA Unimed. During this time, learning activities are still
dominated by lecturers by requiring students to work on tasks and solve chemical concept
questions. Even though the concept can be related to students' daily lives by applying effective
learning models in accordance with teaching materials. The use of the right learning model is one
of the important things as a means of teaching and learning activities to convey knowledge to and
improve learning success (Assriyanto, 2014)
Chemistry studies about the composition, structure, properties, changes in material, and
changing energy changes. Chemistry subject can be packaged more simply than it actually is.
Learning especially chemistry lessons, teachers are required to have adequate ability in carrying
out their learning activities and must be able to realize an effective learning environment and are
better able to manage their class so that student learning achievement is high. Chemistry was
born from the desire of chemists to get answers to what and why the nature of matter exists in
nature, each of its will produce facts and theoretical knowledge about matter whose truth can be
explained by mathematical logic. Some aspects of chemistry are visible which means that concrete
facts can be made and some aspects are only abstract (invisible) meaning they are not proven by
mathematical logic so that rationality can be formulated. Chemistry is defined as a science that
studies the structure, composition, nature, and changes in material and energy that accompany
these material changes (Silaban, 2017).
Chemistry as a process can mean all scientific activities to perfect knowledge and to find new
knowledge. The chemistry learning process emphasizes giving direct experience to develop
competencies so that students are able to explore and understand the natural environment in a
scientific manner. Obtaining experience in applying the scientific method through experiments or
experiments, where students test hypotheses by designing experiments through instrument
installation, retrieval, processing and interpretation of data, and delivering experimental results
orally and in writing, is a scientific process that must be carried out to obtain knowledge new
ones for students. Limitations of tools and materials in chemical learning can be overcome by
using a Virtual lab.
Sugiharti et al.
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The learning process is an interaction of learning between teachers and students. While the
problem in essence is a question that contains answers. So that problem-based learning is an
interaction activity between the teacher and students by using questions that contain answers
(Asra, 2013). Problem-based learning, later abbreviated PBL, is a learning model that involves
students to solve a problem through the stages of the scientific method so that students can learn
knowledge related to the problem and at the same time have the skills to solve problems
(Ngalimun, 2014). Kivela (2005) describes a problem-based learning model as a learning model
that can encourage students to learn independently and improve thinking skills. In short, it can
be said that learning starts from one problem and solving problems is the goal of each lesson.
PBL does not have a rigid lesson plan and students determine spectacular path for their learning
objectives. Thus, PBL allows students to investigate deeply (Kizkapan, 2017). In PBL students'
creativity will be solved to solve problems and produce products from existing problems. While
in the PBL learning model students' creativity is emphasized to find solving problems that exist in
everyday life (Widyasari, 2018).
In PBL there is working group and discussion that requires students to interact with their
friends so that new knowledge and skills arise. This knowledge is built through the process of
asking questions, group work, discussion and debate when presenting their work, which requires
thinking skills, which students can learn communicatively and effectively. In connection with this,
Asra (2013) writes that problem solving ability requires a thought process. If the problem can be
solved, the student learns something new. Therefore the ability of students to think needs to be
improved. .
Direct Interaction teaching model later abbreviated as DI is a teaching model that is teacher
center. Direct teaching model is one of the teaching approaches specifically designed to support
student learning processes that are related to well-structured declarative knowledge and
procedural knowledge that can be taught with a step-by-step, gradual activity pattern. In addition,
direct learning models are also intended to help students learn basic skills and obtain information
that can be taught step by step. Joyce and Weil (2011) wrote that the direct learning model begins
with the teacher's explanation of new concepts or skills to students.
The demands of today's educational world have been enjoyable to learn and make it easier for
learners to learn. With plan and design that meets the rules and instructional components, the
computer can be used as one of the media that can learn individually. Computers will greatly help
educators to convey the knowledge to learn and conversely with computer learners will be able
to learn easily and surprisingly (Sugiharti, 2018). David (2009) explained that direct learning is
learning that is designed to teach knowledge and basic skills that students need for subsequent
learning. Direct learning is very useful especially when there are skills that can be mapped into
specific steps. Direct learning steps emphasize the role of educators and activate the role of
students to build concepts in students. In this case learning should use a variety of appropriate
media, such as films, pictures, demonstrations, as well as virtual labs. Laboratories are an important
part of teaching science and achieving its objectives. They can be described as controlled conditions
in which scientific experiments are carried out (Ambusaidi, 2018).
Virtual lab is a form of learning media by using a laboratory to make observations or
experiments through software run by a computer, where all the equipment needed by a laboratory
is contained in the software (Eko, 2014). Virtual Laboratories (VLs) are mediums that fulfill those
indicated needs (Tatli, 2010). Laboratory virtual is a form of animation that can visualize abstract
phenomena or complicated experiments carried out at real laboratory, so it can increase learning
activities in an effort develop skills that are Required in problem solving. The virtual laboratory is
one the form of computer animation, consists moving image which is represent the state in a real
laboratory (Sugiharti, 2017). Virtual Laboratory (VL/Virtual lab) is a set of laboratory tools in the
Sugiharti et al.
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form of interactive multimedia based computer software that operates with computer hardware
and can simulate activity in the laboratory as if the user is in the actual laboratory (Yuniarti, 2017).
There are two main concepts of computer laboratories (Tyder, 2008), namely real estate computer
replacements so that experiments take place in the form of virtual animation or experimentation,
and laboratory experiments are described as virtual when experiments are not controlled by direct
manipulation of laboratory equipment but with computer equipment. The main goal with this
virtual lab was to provide a web support to the traditional lab experiment, thus improving
student's effectiveness and autonomy in the laboratory class, in data analysis and report writing.
Even though this virtual lab is not designed to replace the hands-on experiment, it is reduced by
decreasing the time needed to conduct the experiment, decreasing the number of repetitions (due
to errors), and also eliminating the need for full-time supervision (Domingues, 2010).
In teaching science teachers often proceed from the fact that nature is the best source of
information. The basic and at the same time the most effective method in gaining chemistry
related knowledge is experimental and laboratory work. Basic science concepts are introduced by
experiments. In school laboratory experiments can be carried out in a realistic or virtual manner.
With virtual experiments the experiments are carried out using computer simulations or
animations. One of the advantages of virtual laboratory, among other things, is that it allows the
portrayal of matter's model structure which is a prerequisite for proper understanding of the
natural partition structure of matter (Herga, 2012).
Virtual laboratories provide many benefits that are very useful as a medium to teach safe and
cheap, effective to teach abstract concepts that are difficult to understand to overcome the lack
of facilities, tools and materials in the laboratory, the expensive tools and chemicals can be
overcome with the help of computers. With virtual labs students can see and interact with their
own experiments. The virtual lab allows students to conduct chemical experiments as facing real
laboratory equipment. So the expected goal of chemistry learning is that the scientific process will
be cheaper and cheaper (Sugiharti, 2018).
VCLs depend on virtualization technologies. A virtual computer is an emulation of an operating
system and behaves exactly like a real computer. Using this technology, a single computer may
host multiple virtual computers with different operating systems which are isolated from one
another and share the resources of the host computer. On virtual computers, students can practice
advanced skills and perform complex tasks which are not usually allowed on campus computers
and networks (Konak, 2014).
Methods
This research was carried out in 2018 at the Chemistry Education Study Program at FMIPA
Unimed. The population in this study were all students of chemistry education study programs
who were taking course of General Chemistry which amounts to 4 classes. The class sample was
determined as much as 2 classes from 4 classes that were available in the Chemistry Education
study program by random sampling. While the research sample consisted of 26 students in each
class.
Data Analysis Technique uses descriptive analysis to describe the data, including: average value
(mean), median, standard deviation (SD) and data tendency using the SPSS program.
Analysis requirements test used in the form of normality test (NPar Tests), with One-Sample
Kolmogorov-Sminov Test and homogeneity test using the Oneway Test of Homogeneity of
Variances. While to see whether there is a difference in student learning outcomes, the t test is
used. Testing criteria are: Reject H0, if t counts> t tab
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Results
Research results such as student learning outcomes data and other requirements are shown in
Table 1 and Table 2.
Table 1
Student learning outcomes data
A1
90
87.5
85
82.5
82.5
80
80
77.5
77.5
75
75
72.5
70
80
77.5
77.5
75
72.5
70
72.5
70
70
67.5
65
62.5
60
1955
75.2

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
SUM
MEAN

A2
80
77.5
77.5
75
75
72.5
72.5
72.5
70
67.5
65
65
62.5
80
80
77.5
75
75
72.5
72.5
70
70
67.5
67.5
65
62.5
1867.5
71.8

Note :
A1 = Group of student taught by PBL model
A2 = Group of student taught by DI model

Table 2
Normality Test N Par Test
One-Sample Kolmogorov-Smirnov Test
A1
N
Normal Parametersa,b

Mean
Std. Deviation
Most Extreme Differences Absolute
Positive
Negative
Test Statistic
Asymp. Sig. (2-tailed)
a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.
d. This is a lower bound of the true significance.

Sugiharti et al.

26
75.1923
7.34585
.086
.069
-.086
.086
.200c,d

A2
26
71.8269
5.36459
.127
.098
-.127
.127
.200c,d
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Based on result of Normality test Kolmogorov Smirnov, known that value of Sig. Class A1 and
A2 > 005. Therefore if Sig > 0.05, data is normally distributed, so can be concluded that
distribution of postest outcome Class A1 and A2 are normal.

Homogenity test
Table 3
Test of homogeneity of variances
Model
Levene Statistic
df1
df2
1.730
1
50

Sig.
194

Table 4
ANOVA
Model
Sum of Squares df
147.236 1
2068.510 50
2215.745 51

Between Groups
Within Groups
Total

Mean Square
F
147.236 3.559
41.370

Sig.
065

Based on result of Normality test Kolmogorov Smirnov, known that value of Sig. Class A1 and
A2 > 005. Therefore if Sig > 0.05, data is normally distributed, so can be concluded that
distribution of postest outcome Class A1 and A2 are normal.
Table 5
Hypotesis Test of T-Test
Model

Kelas
Kelas PBL
Kelas DI

Group Statistics
N
Mean Std. Deviation Std. Error Mean
26
75.1923
7.34585
1.44064
26
71.8269
5.36459
1.05208

Discussion
Hypothesis test obtained Fcount (A) and (B) equal to 18,551> Ftabel (0,05) (1,48) = 4,04 hence
there is significant interaction between learning model using virtul lab and learn to result of
chemistry learning students on General Chemistry. There are various studies that link between
the use of Virtual lab and Real labs such as research conducted by Tatli and Ayas (2013), which
describes that “Virtual chemistry labs are slightly more effective than Real labs, both of which
show the achievement and ability of students to recognize laboratory equipment”. Another study
was conducted by Hutabarat et al. (2017) which states that there is an influence of the PBL learning
model using Real media labs and Virtual labs. From mean of cognitive learning achievement of
students using learning PBL Virtual laboratories (71.25%) better than student using PBL learning
with Real lab (58.75%). In addition, this study was also supported by Kusnadi et al. (2013) which
showed a difference in the learning outcomes of chemistry by using a virtual laboratory (73.9%)
slightly higher than that of Real lab (70.8%). Sugiharti and Hasibuan (2017) show that there is
influence of learning model by using real laboratory and virtual laboratory on students’ chemical
learning result on reaction rate material with F count>F table i.e. 28.6367>3.99, and Savery (2006)
wrote that the PBL models is a student-centered learning that empowers students to apply
knowledge and skills to develop the best solution or problem solving.
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Conclusion
This research conclude that study the course of General Chemistry is better to use learning model
of PBL than learning model DI, where the outcomes of study the student using PBL model higher
than DI model.
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