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Abstract. The research aims to produce a valid, practical and effective chemistry learning
devices based on a blended learning model to pr()ve student critical thinking skills. The 4D
development model was applied in this study. Testing of learning devices and tests of critical
thinking skills are carried out on the tenth-grade students at high schools in the city of
Mataram, Wea\lusel Tenggara, Indonesia. The one group pretest-posttest design was applied
as a research design. The results showed that the validity of the developed chemical learning
devices based on the blended learning model had an average value of syllabus, lesson plan,
teaching materials, and critical thinking instruments were 82%. 86%, 72% and 70%,
respectively. The practicality of the learning devices is tested through a blended learning
processes. The chemistry learning devices have a practical criteria with a scoring percentage of
78%. Furthermore, the chemistry learning devices are effective in promoting critical thinking
skills. The inprovement of students' critical thinking can be seen from the increasing of their
score from 55.3 to §2.2. In alclusi()u, the developed chemistry learning devices based on the
blended learning model are valid, practical and effective criteria, and its applicable to promote
students' critical thinking skills.

1. Introduction

Educational challenges of the 21* century are how to develop thinking skills of learners [1]. Among
those skills are the skills to use information and communication technology and to train thinking skills
[2]. The skills that leamers need to be trained in order to meet the 21st century challenges is the ability
to think critically [3]. Critical thinking skills is a process of thinking to decide and draw conclusions
that can be accounted for by the relevant data includes the analysis, hypothesis, explain, argue and
develop ideas [4,5]. The critical thinking skills direct the students to solve problems, investigate the
evidence and assumptions from the concept being faces [6]. With critical thinking skills, students try
to understand the situation, analyze the strengths and weaknesses of an object and then develop
different points of view about the subject [7].

The importance of critical thinking skills training is the fact not yet in line with the learning
conditions in schools at this time. The observations at ti§fhigh schools in the Mataram city West Nusa
Tenggara Indonesia showed that the efforts to promote critical thinking skills of students in chemistry
learning has not been fully carried out by the teacher. In addition, the leqfling devices such as
syllabus, lesson plans, teaching materials are not equiped with tools to train critical thinking skills.
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Furthermore, the schools has been supported by e-learning media, which should able to overcome the
difficulties leamers in understanding the chemical concept, but not optimally utilized as learning
support, especially on chemistry learning proceses [8.9.10].

Based on the description and the above facts, this research focuses on developing chemistry
learning devices based blended learning models to promote the student critical thinking skills. The
blended learning model is designed in which the students learn mostly through online content. The
model combines face to face learning with online learning. This online content is supported by tools to
control time, place, manner and learning speed [11]. Here, online learning means a process where
learning material content delivered via internet access [12].

2. Methods

The 4D model development stages define, design, develop and disseminate was applied in this study
[13, 14]. The development of leaming devices focuses in syllabus, lesson plans, teaching materials,
and instruments critical thinking skills, as well as testing the effectiveness of those devices to promote
critical thinking skills. The developed critical thinking skills instruments refer to six indicators:
questioning, argument analysis, decide a course of action, inducing and consider the results of
induction, defining the term and consider the definitions and observing and considering the results of
observations [15,16,17].

Validation of the leamning devices carried by three validators. The validation are calculated using
the following formula:

Validity P - _Validator Total Score 100%
aldity Percentage = Maximum Score ’ (1

Learning devices are feasible to use if they meet the eligibility criteria in Table 1 [18]:

Table 1. Validity Percentage

Percentage of Assessment

Results (%) Validity Level
80 - 100 Best Valid
66 —79 Valid
56 - 65 Enough
40 —-55 Less
30 -39 Invalid

The testing phase of learning and testing the effectiveness of the devices in class X MIA performed
on one of the secondary schools in Mataram, West Nusa Tenggara-Indonesia, with a design using one
group pretest-posttest design [19]. Effectiveness data analysis critical thinking abilities of learners
were tested by administering tests about critical thinking essays as much as six questions to give an
answer argument. The provision of these tests was conducted at the beginning of learning (pretest) and
at the end of the study (post-test), which aims to determine the differences in the critical thinking skills
of students after using learning tools developed. The results of the analysis of the calculation of the
critical thinking skills of students were then divided into four categories [20], as presented in Table 2.

Table 2. Critical thinking skills assessment categories

Scale of Obtaining Categories
>81.25 -<100 very critical
> 62.50 - <81, 25 critical

less critical

>43.75-<62.50 ) s
very less critical

<25.00 - <43.75
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3. Results and Discussion
This development study focuses on the development of learning devices based blended learning model
such as syllabus, lesson plans, teaching mate rials and instruments of critical thinking skills.
Learning devices eligibility test data obtained from the questionnaires by three experts. The results of
the validity test is depicted in Table 3.

Table 3. The validation results of the learning devices

Model learning devices Percentage e
blended ICi:l'l]il]g (%) - Validity Level
Syllabus 82.0 Best valid
Lesson plan 86.0 Best valid
Teaching materials 720 valid
Instrument critical thinking 700 valid
Average 77.5 valid

Table 3 shows the results of the validation test of the chemistry learning devices based blended
learning model. The average percentage of the feasibility of the syllabus 829% with the criteria of best
valid. The produced syllabus meet the criteria in the aspect of clarity, language and learning steps
contained in the syllabus developed referring to the syntactic model of blended learning and indicators
of critical thinking skills of learners. The average percentage of feasibility lesson plan 86% with the
criteria of best valid. Learning activities in the lesson plan, for both at the stage of online and face-to-
face are loaded with competency indicators and learning objectives for directing learners to be able to
train their critical think skills. The average percentage of the teaching materials validity is 72% in
valid criteria. The average validity percentage of critical thinking skill instruments is 70% with valid
criteria after they had revision based on suggestions and feedback from the validators. The valid
product then further undergo testing in the learning processes [21].

Practicality level of the chemlry learning devices based blended leamning models has a percentage
of 78% with practical criteria. The steps of the blended learning model applied by the teacher in
learning chemistry are carried out well so that the level of practicality of the learning device can be
measured properly. Learning devices are categorized as practical if their components can be
implemented well by the teacher in classroom learning [22].

The effectiveness test of the developed devices is carried out by giving initial tests. This test aims
to determine the students' initial critical thinking skills. Furthermore, students participate in learning
with the chemistry learning devices using a blended learning model. At the end of the learning
process, students are given a final test to find out the improvement in their critical thinking skills. Test
data shows the differences in the results of the initial test and the final test after the application of
learning tools by the teacher. Comparison of the results of the pretest and post test students' critical
thinking skills is depicted in Figure 1.
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Figure 1. The effectiveness of critical thinking skills test results
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Figure 1 shows that the difference in the results of the pretest and post-test of the critical thinking
skills of learners. The depeloved chemistry leamning devices based blended learning models have a
significant effect on promoting the student critical thinking skills. The difference in the test scores of
students' critical thinking skills before @hplementation and after implementation chemistry learning
tool using the blended learning models can be seen in Figure 1. Students 'critical thinking skills after
implementing chemistry learning devices based on blended leaming #hdels have increased so that it
can be concluded that the blended learning model is able to promote students' critical thinking skills.
This finding is in accordance with previous research where blended learning is an effective learning
strategy so students get concepts more easily. If students understand concepts well, the ability to think
critically can develop [23.24]. Other finding shows that computer based leaming such as virtual
laboratory enhance students’ conceptual understanding creativity, and science process skills [25].
Good science process skills will be able to develop critical thinking skills [26]. Furthermore, learning
with e-learning also enhance student creativity and provide meaningful feedback for student work. The
e-learning has been able to enhance creative thinking in aspects of fluency, originality, flexibility, and
elaboration [27.28].

4. Conclusion
The developed chemistry learning devices based blended leaming rfgjdel are categorized valid,
practical and effective in promoting students' critical thinking skills. The results showed that the
average percentage of the validity of learning devices was 77.5% with valid criteria. The average
percentage of practicality of chemical learning devices is 78% with practical criteria. The effectiveness
of the chemistry learning devices is characterized as very critical based on the posttest critical thinking
skill results, with initially 55.3 to 82.2 after the implementation of the devices
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