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Current learning tends to use less varied and teacher-centered methods. The
selected learning models and approaches have not been able to motivate
students to be able to think critically, so that it affects the science scores in
general that do not meet the minimum completeness limit The purpose of this
study is to analyze the effectiveness of Schoology-assisted PBL-STEM by
Environmental Pollution material in increasing critical thinking skills, as well
as student learning outcomes. This study was conducted at Junior High
School Maria Mediatrix with 4 classes sample, all of which were
experimental classes with a total of 114 students. This study is a quantitative
study with quasi-experimental study type. To determine the increase in
critical thinking skills used the N-gain score test from the pretest and posttest
results of four classes in the study that acted as experimental class. The results
of the study and analysis can be concluded that critical thinking skills of
students who are taught with problem-based virtual learning with STEM
approach assisted by Schoology on Environmental Pollution material
obtained an average N-gain score of 0.46, in moderate category, so that
learning is said to be effective, and an average increase of indicator providing
elementary clarification, building basic support and managing strategy and
tactics has a higher N-gain score than inference. From learning completeness
aspect, there are 94 students who complete individually, 82.5% of the
students complete classically. This study can contribute to the development of
virtual science learning, especially in the use of PBL-STEM model with better
technical implementation.
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INTRODUCTION

The use of technology, information and
communication, in 21st century, is the basis of
human life in the digital era.There are four
integrated abilities that need to be possessed in 21st
century, namely critical thinking and problem
solving, creative and innovative, collaboration and
good communication (van Laar et al,, 2018). The
abilities of 21st century can be obtained through
innovation in learning that emphasizes contextual
problems or projects, and
collaboration, creative and innovative work, and
students become learning centers (Zubaidah, 2016).

communication

Global competition, technological
developments, population movements, political and
environmental challenges encourage the

development of skills and knowledge for students to
succeed and survive in the 21st century. (Scott,
2015a). According to Rahayuni (2016) and Ennis
(2013), the main characteristic of science learning
lies in its complexity to analyze and decide on a
problem through high-level thinking which is part of
critical thinking. In the field of science, based on the
results of the 2015 PISA (OECD, 2018), Indonesia
is at the 61st level out of 70 participating countries.
This illustrates the correlation between scientific
skills and critical thinking of Indonesian students.

In general, the delivery of material in
learning process at Junior High School Maria
Mediatrix tends to still use less varied method.
Learning activities are mostly in the form of
demonstration, lecture, or discussion. The learning
model or approach used has not been effective in
motivating students to think critically, so that it has
an effect on not maximum natural science score.

Problem Based Learning (PBL) which
originates from real problems in daily life (Sahin,
2010), is a good and appropriate learning model to
foster student interest and attention in learning
(Balim et al., 2014). This model makes students the
center in problem solving (Dischino et al., 2011;
Etherington, 2011). Through PBL students can
apply their knowledge to solve problems (Jo & Ku,
2011). PBL makes students "learn how to learn"
jointly (Dischino et al., 2011).

From interview results with several teachers,
indicators of critical thinking of any information
that were absorbed were not optimal. Based on this,
a learning model is needed that can improve these

abilities. PBL is one of the models to choose from
(Ridho et al., 2020; Fakhriyah, 2014).

PBL has learning foundation, which is as
close as STEM (Science, Technology, Engineering
and Mathematic). STEM consists of components of
science, technology, engineering and mathematics
that are taught in an integrative manner related to
problem-based learning and its contextual
application (Rahmadani, 2016).

STEM focuses on complex relationships
between scientific disciplines (integrated learning)
related to problems in life (Mcfarlane, 2013).
Characteristic of the STEM is the implementation
of innovative instructional methods such as
Problem Based Learning, Project-Based Learning
2015).
Currently, learning focuses on improving and
developing problem-solving skills as one of the skills
in the 21Ist century (Jang, 2016). With STEM

students are better and more active in problem

and Inquiry Based Learning (Bicer,

solving, innovators, inventors, technology users,
independent learners, and logical thinkers,
(Stohlmann, 2012).

Critical thinking is an important component
in STEM learning, because students are taught to be
problem solvers (Linder et al., 2016). From the
understanding that students have based on science,
technology, engineering and mathematics, through
STEM learning, they are able to solve and draw
conclusions from a problem (Robert & Cantu,
2012). The use of STEM integrated PBL is expected
to improve students' critical thinking skills to be able
to solve problems. STEM helps students in learning
science, engineering technology, and in solving
problems in the real world (National Study Council,
2011). STEM approach can help and determine
solutions in solving complex problems (Jang, 2015),
of course, if PBL is STEM-oriented, and encourages
students' critical thinking skills. PBL steps are
modified by integrating STEM components in each
cycle.

ICT in PBL-STEM cannot be separated from
the use of technology. One form of learning
technology is e-Learning using a Learning
Management System (LMS) (Stantchev et al.,
2014). In science learning, LMS provides various
activities and different learning methods (Cavus &
Alhih, 2014). LMS in STEM provides better
learning outcomes in the problem-solving process
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through a contextual approach (Quarless & Nieto,
2013).

Schoology is a sample of LMS. Schoology in
PBL-STEM is used to meet the needs of teaching
materials, and graphic technology in the form of
audio video helps students understand abstract
concepts.

Based on description in introduction, it is
necessary to analyze the effectiveness of Schoology-
assisted PBL-STEM on Environmental Pollution
material to improve the critical thinking skills of
junior high school students. This is very possible
because PBL can be oriented to STEM, and with
the use of contextual videos, real life problems can
be illustrated, cases in PBL-STEM will be more
authentic. The objective of this study is to
determine the effectiveness of PBL-STEM assisted
by Schoology in students' critical
thinking skills on Environmental Pollution material.

improving

The purpose of this study is providing contribution
to the development of virtual science learning,
especially in the use of the PBL-STEM model with
better technical implementation.

METHODS

This study is a quantitative study with a
quasi-experimental study type. This type of study
makes students not feel like the object of study, so
that the study results will be more valid and
measurable.

This  study design
pretreatment measurements or without a control

used a without
group. This type of study is a one group pretest-
posttest design. The pretreatment will show whether
the treatment has an effect if it is removed. The
design of one group pretest and posttest (One-group
pretest-posttest design) can be seen in Figure 1.

01 X 02

Figure 1. One-group pretest-posttest design

Remarks:
(O : pretest of experimental class group
X : natural science learning with Schoology-
assisted PBL STEM approach
0O, : posttest of experimental class group
This study begins by determining the

experimental group as a whole. The experimental
group will be given a pretest, then given treatment

with application of Schoology-assisted PBL-STEM
as shown in diagram of Figure 2.

Student orientation in a problem
(Learning video and Virtual LKS)

PBL Stages |

-

Distance

Organize student to study

learning
(online)

Schoology

L—{ Analysis and evaluation of problem solving

Guide individual investigation
(Virtual Practicum)

Develop and present work result
(Virtual Presentation)

Linkage of
STEM elements

Figure 2. Stages of Schoology-assisted PBL-STEM

After that, this group was given a posttest,
and obtained difference between pretest and posttest
scores (gain value). Pretest and posttest scores
become a description of students' critical thinking
skills before and after treatment. This study was use
multiple choice questions with four answer choices
The
instrument was adopted from Ennis (2011), and
adapted to the needs of the study. Meanwhile, the
taxonomic level of the question bloom is adjusted to

and the reasons for selecting answers.

the adopted critical thinking indicator. Critical
thinking skill test instrument adopted from Ennis
(2011) is chosen four indicators, namely: provide
elementary clarification consists of 5 questions with
question numbers 2,4,6,15,17, building basic skills
consists of 4 questions with question numbers
3,7,8,11, inference consists of 6 questions with
question numbers 1,5,14,16,18,19, and arranging
strategy and tactics consists of 5 questions with
question numbers 9,10,12,13,20.

The study class consisted of 114 students, all
of whom were experimental classes experienced
treatment using Schoology-assisted PBL-STEM
learning.

Data for critical thinking skills were obtained
from the results of the N-gain pretest and posttest
multiple choice questions with an explanation of
answer choices. The reasons for the answers given
are to strengthen whether students' choice of
answers is based on student understanding. The
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data analysis used the N-gain score test from pretest RESULTS AND DISCUSSION
and posttest results. The test uses SPSS 21. If
between the pretest and posttest there is an increase  Result

in the N-gain score greater than or equal to 0.3, then Students' critical thinking skills were
learning is said to be effective. analyzed using N-gain which can be seen in Figure
3.
100
78,67
80
59,69 59,4
60
39%
W 27,33 AR
20 : . 2
; |
Mean KI 1 Mean Ki 2 Mean KI3 Mean KI 4
W Pretest ® Posttest = N-gain
Figure 3. Students' critical thinking abilities seen from each critical thinking indicator
Remarks:
E1,2,3,4 = experimental group 1,2,3,4
K1 = mean Provide elementary clarification indicator
K2 = mean building basic skills indicator
K3 = mean Inference indicator
K4 = mean set strategy and tactics indicator

Table 1. Improved critical thinking skills with overall N-gain score.

Group Pretest Posttest N-gain %

El 46.60 70.70 043 43
E2 4250 71.17 048 48
E3 4589 7320 047 47
E4 4400 7020 047 47
Mean 44.70 71.30 0.46 46

80 70,7

70,2

60
46,6

47%

40

20

El E2 E3 E4
Figure 4. Pretest, posttest, and N-gain mean in every class
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71,3

46%

44,7

E total

Pretest Posttest

N-gain

Figure 5. Pretest, posttest, and N-gain mean in total class

Completeness of Learning Outcomes

Minimum completeness criteria (MCC) in the study for HOTs = 60 questions, and 80% or more of
the students had reached MCC, then the data were obtained as in table 2.

Table 2. Completeness of Learning Outcomes

Completeness Group Total/
El E2 E3 E4  percentagee
Total students 25 30 28 31 114
MCC > 60 20 24 25 25 94
MCC <60 5 6 3 6 20
Class average score 70.2 71.2 73.2 70.2
Individual 20 24 25 25 94
Classical (%) 80 80 89 81 82.50
Discussion engineering practices, in this case video-assisted

At the beginning of virtual learning, all
students obtain pretest as a description of their
initial ability. Every step of the problem-based
learning activity, STEM elements are included in
each phase of the learning. The initial activity was
to raise actual problems in daily life through student
worksheets, then students did practicum virtually
related to PBL-STEM on Environmental Pollution
material.

Students use Schoology at the learning stage
which is carried out as space to share information,
material, worksheet links and learning videos used.
In the final stage, a posttest is carried out to
determine the increase in the average N-gain score
of the learning process using Schoology-assisted
PBL-STEM.

The process of implementing virtual learning
with STEM education approach, asking science
questions and defining problems, planning
andinvestigating, using mathematics; information
technology and computers;
thinking, and  obtaining,

and computational

evaluating and
communicating information (Afriana et al., 2016),
means that teaching and learning content and
interdisciplinary practice of knowledge that includes

science and mathematics through the integration of

virtual practice, and design using the relevant
engineering technology. This is basically very
supportive when using PBL which is done virtually.
The way to support the implementation of STEM is
in the form of familiarizing activities with STEM
approach in the classroom by utilizing IT.
(Anggraini et & Huzaifah, 2017).
Schoology as part of the
Management System is used as part of the e-
Problem-Based Learning with

Learning

learning model.
virtually Schoology-assisted STEM approach can be
said to be in accordance with learning during the
Covid-19 pandemic when the study was conducted.
Virtual learning with the help of LMS Schoology, in
the experimental class has a significant contribution
to the improvement of students' critical thinking
skills on Environmental Pollution material from the
moderate N-gain category that has been obtained.
This is in line with the results of study by Irawan et
al., (2017) which explains that Schoology has a
significant effect on student learning outcomes.
Learning using LMS proves that on the other hand
it also has a positive effect if its use makes
innovation in the learning process (Rosy, 2018).
Full learning activities are carried out in a network
or called virtual learning. Another study that also
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supports Ardianti et al. (2019) which states that
blended learning with Schoology-assisted STEM
approach is effective to use.

Based on study results, it turns out that
problem-based virtual learning with Schoology-
assisted STEM approach obtained an average N-
gain value of 0.46. Based on the range, the N-gain
score falls into the medium category.

Meanwhile, from the point of view of
increasing the average of each indicator, namely
providing elementary clarification with an N-gain of
0.47, building basic support, with an N-gain of 0.48,
arranging strategies and tactics. with an N-gain of
0.39 and inference with an N-gain of 0.36 each also
has an average N-gain in the medium category. For
the concluded category (N-gain 0.36), students were
still considered to have difficulties compared to
other indicator categories.

Indicator concludes based on bloom taxono
my of the cognitive domain at cognitive analysis
level (C4) which requires a special understanding of
the material and aspects that have been studied and
is able to relate them. Students at Junior High
School of Maria Mediatrix are also not familiar
with the questions that fall into the category of high-
order thinking or known as High Order Thinking
skills (HOTs). Certainly, teacher-centered learning
patterns cannot be separated from the results that
have been obtained. This can be seen from not
optimal N-gain. In general, when viewed from
moderate category N-gain results, from pretest
mean of 44.7, it increased to 71.30 from the posttest
learning with STEM
approach and assisted by Schoology has a positive
impact on improving students' critical thinking
skills. This is supported by studies which state that
PBL-STEM can improve students' critical thinking
skills or

results, problem-based

problem solving (Cahyaningsih &
Roektiningroem, 2018; Agustin, Lesmono &
Widodo, 2020; Iolanessa, Kaniawati & Nugraha,
2020; Adiwiguna at al., 2019; Ariyatun &
Octavianelis, 2020; 2017; Onsee &
Nuangchalerm, 2019).

From the aspect of learning completeness, 94
out of 114 students completed individually and
82.5% of the students completed classically. In
general, the average value of the 4 study classes was

Satriani

71.2. When viewed from overall class average,
experimental class has reached an average above
70. In terms of results, it is not optimal, because

online learning for the first time during Covid 19
pandemic, by all means, has many technical
obstacles, which causes information or material
transfer process becomes constrained. Moreover, in
terms of technical and material readiness, surely, it
needs more thorough preparation.

Regarding the use of videos in the Schoology-
assisted PBL STEM learning, videos are compiled
based on authentic problems about environmental
pollution that occur especially in Semarang city.
Based on the results of the questionnaire from the
students' answers, most students stated that they felt
helped by the learning videos that were shared with
the LMS Schoology. Other studies that support the
use of videos related to PBL include videos that are
integrated in PBL helping structured learning in
mastering material (Barth et al., 2019; Bridges,
2015; Watson & Fang, 2010; Snelson, 2017). Video
study integrated with PBL also helps students
communicate and solve problems (Abraham et al.,
201; Lu & Chan, 2015; Pyle et al., 2019).

The author hopes that this study can
contribute to the development of virtual science
learning, especially in the use of the PBL-STEM
model with better technical implementation.

CONCLUSION

Based on study results and discussion that
has been stated, it can be concluded that problem-
based virtual learning with Schoology-assisted
STEM approach is effective for improving critical
thinking skills.
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