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Abstract  Educators believe that learning to utilize 
technology has opportunities to promote improvement in 
student learning performance. This optimism is 
undoubtedly expected to be implemented by students not 
only in cities but also in rural areas. The setting of this 
research was at the school in a rural area in Bima, 
Indonesia. This study explored the impact of blended 
learning by using the STEM education approach on 
improving students' critical thinking for physics subject in 
secondary schools. This research was quantitative research 
with pretest-posttest control group design. The 
experimental group was taught with blended learning that 
used the STEM education approach. The control group was 
prepared with conventional activities. Covariate in this 
study was prior knowledge. The dependent variable was 
critical thinking skills measured using an essay test. The 
statistical analysis used was ANCOVA which the error 
margin was 0.05. The research found that blended learning 
with STEM education approach improved better critical 
thinking of students than conventional learning. The 
limitation of this study is that during online learning, 
students with less digital literacy still need assistance from 
teachers at the beginning of learning. The contribution in 
this study lies in a unique framework that is in the process 
of delivering knowledge using blended learning embedded 
the STEM education approach for high school physics 
lessons in the rural area. 
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1. Introduction
Education in the 21st century requires skills in Sciences, 

Technology, Engineering, and Mathematics (STEM) to 
face complex and challenging situations [1]. Also, STEM 
education helps students in developing skills of the 21st 
century that have capacities for innovation and allows 
students in problem-solving and quantitative reasoning [2]. 
STEM education approach is teaching and learning content, 
also the practice of interdisciplinary knowledge including 
sciences and math through engineering and design practice 
integration by using relevant technology engineering [3,4]. 
There are generally three forms of STEM integration at 
classroom: integrated content, integrated supporting 
content or integrated context [1, 5]. 

National Science Foundation (NSF) estimated that 
almost 20% of all jobs in the United States of America need 
knowledge and skills of STEM [6]. Skills related to STEM 
are: math, science, critical thinking, active learning, 
complex problem solving, and technology design [7]. 
Referring to the Programme for International Student 
Assessment (PISA) data in 2015, students expect to have a 
career related to sciences. Meanwhile, from interest aspect 
of male and female students on having a career related to 
science fields, almost all female students of Indonesia 
(92%) expect jobs related to sciences and expect to have a 
career in the health field [8].  

STEM approach gives positive impacts in the scientific 
process, investigation skills, and creative thinking of 
students. Also, it also develops student’s reasoning skills, 
critical thinking skills, creativity, innovation, scientific 
literacy effects to students, and problem-solving skills 
[9-11]. Educators realize that critical thinking skills are 
essential in education today, mainly to deal with problems 
in an increasingly complex real life. This awareness 
encourages various studies related to these skills [12-14]. 
However, the reality is that level of critical thinking skill at 
one of the schools in Indonesia that become sample showed 
less than 10% subjects [15]. There were several aspects 
found, for example, students still found it difficult to 
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understand the concept of dynamic fluid particularly the 
concept of continuity and Bernoulli equation with the 
application. The other one was that students paid less 
attention to the teacher during the teaching-learning 
process. Also, physics learning only presented 
formulations without knowing its objectives and many 
students were less self-confident. The effect was they 
usually gave the same answers with their classmates [16].  

Referring to the teaching and learning process at the 
classroom, sometimes materials could not be optimally 
received by students because of the limited time of the 
face-to-face meeting. According to Government 
Regulation Number 19 the year 2017, the teacher is only 
obliged to have meeting a minimum of 24 hours per week 
[17]. For anticipating the lack, one of the alternatives is by 
using blended learning. Using blended learning could 
develop a student's skills and knowledge, and could be an 
opportunity to integrate innovative development and 
technology through online education [18, 19]. Also, 
learning situation applied in Indonesia experiences shifting 
of learning environment because of mobile learning 
technology [20]. 

In one side, there are several essential aspects in using 
blended learning such as providing students with adequate 
internet facilities, and students seem to depend on each 
other to upload assignments, which suggested to first 
introduce online learning implemented, and increasing 
student's motivation and responsibility in the learning 
process [21]. However, learning by using blended learning 
can develop students’ critical thinking skills compared to 
the conventional one [22]. By observing the result of the 
existing researches, it seems that blended learning has not 
immensely been implemented in Indonesia. Therefore, this 
research would reveal the impacts of the implementation of 
the STEM education approach on blended learning. 

2. Method 

2.1. Research Design 

This research was quantitative research with 
pretest-posttest control group design. 

2.2. Population 

The population used was a senior high school in West 
Nusa Tenggara, Indonesia, in the academic year of 
2018/2019 that consisted of five classes with the number of 
students of 27 each. Samples were taken randomly to 
determine the experimental group and the control group 
from the courses of the research population.  

The dependent variable in this research was the STEM 

education approach on blended learning by using 
Schoology on the experimental group and the conventional 
method of the control group. Independent variable focuses 
on critical thinking skills and used prior knowledge as the 
covariate.  

2.3. Instrument 

This research observed the improvement of student's 
cognitive viewed from the increase of critical thinking 
skills. Tools for observation are by using essay questions 
adopted from Ennis [23]. The level of Bloom's Taxonomy 
of issues is related to critical thinking indicators. The 
technique of data analysis used ANCOVA using SPSS 21.0. 
Here are test instruments of essential skills of thinking as 
shown in Table 1.  

Table 1.  The Rubric of Critical Thinking Skill Test Instrument 

Critical Thinking  
Indicator 

Critical Thinking  
sub-Indicator 

Elementary clarification Answering questions "why" and 
"how." 

Basic support Considering the use of the right 
procedure in a question. 

Inference Making inference based on facts. 

Advance clarification Identifying arguments  

Strategy and tactics Using logic strategies 

The criteria of critical thinking skill scoring [24] are 
shown in Table 2. 

2.4. Learning Activities 

The topic is dynamic fluid. The dynamic fluid concept 
consists of the ideal fluid concept, continuity equation, 
Bernoulli's Law, and the application of Bernoulli's Law 
through Terrocelli, venturimeter, pitot pipe, and lift force 
on an aircraft [25]. 

Blended learning is a combination of online and 
face-to-face activities to optimize learning. The application 
used for online activities was one of the learning 
management systems called Schoology. Schoology 
application was available by clicking 
https://www.schoology.com/ or by downloading on Play 
Store using the smartphone. Before using Schoology 
application, the teachers and students should register for an 
account firstly during the learning process. Figure 1 shows 
the design of blended learning process. 

 

Figure 1.  Design of Blended learning 

 
 
 

 

https://www.schoology.com/
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Table 2.  Scoring Rubric of critical thinking skill 

Criteria of Problem’s Answer Score 
 All main points are specified and maintained 
 All sources credible; all reasons/evidence believable, second level/beyond spec. (where appropriate; clear) 
 Strong support; alternatives thoroughly addressed; clear 
 All points connected, signaled with transitions/ other cohesive devices. 
 No major errors; one or two minor errors 
 All features evident and equally well developed 

5 

 Position clear; generally previewed 
 Most sources credible; most reasons/evidence believable, often at the second level; specific (where appropriate); clear 
 Conclusions well supported; alternatives well recognized; clear 
 Most points connected; coherent; cohesive; using various methods 
 A few minor errors, but no more than one major error 
 Features present, but not all equal 

4 

 Bare bones; position clear; main point previewed 
 Some sources credible; reasons/evidence generally believable, sometimes second level; specific (where appropriate); 

clear. 
 Moderate support; alternatives mentioned reasonably; some vagueness. 
 Some cohesion and coherence from relating to topic; plan is clear 
 Developed; few major errors, some minor, meaning unimpaired; mastery of sentence construction 
 Essentials present 

3 

 Under promise, over deliver; over promise, under deliver; infer; two/+ positions w/o unifying statement 
 Some sources or reasons/ evidence dubious; some vagueness 
 Some insufficient support; alternatives prejudicially mentioned; key terms undefined 
 Not knowledgeable in paragraphing 
 Some major errors, many minors; sentence construction below mastery 
 Partly developed; one/> features not developed 

2 

 Confusing; attempted; main point unclear or shifts 
 Attempted; dubious sources; inaccurate; vague 
 Conclusions minimally supported; alternatives unmentioned; muddled; confused 
 Attempted; the plan is noticeable 
 Many major errors; confusion 
 Attempts to address assignment; confusion 

1 

 Unclear; absent; insufficient length to ascertain maintenance 
 No support; no credible sources; unbelievable vague; confusing 
 Conclusions unsupported; no reasoning attempted; insufficient 
 No plan; insufficient length to verify maintenance 
 Many errors; unreadable, confused meaning; problems with sentence construction; insufficient length to ascertain 

support  
 Doesn't present most features; insufficient, length 

0 

 

In carrying learning out, the teacher prepared validated 
lesson plan, so it meets the learning objectives. Each step 
of activities as shown in Figure 2 used project-based 
learning. This strategy is suitable for STEM education 
approach; because the complexity of STEM education 
approach particularly requires to do the project and 
produce products that could be adjusted through 
project-based learning strategy. The implementation 
process of blended learning indeed contains learning with 
STEM education approach. STEM education approach 
refers to teaching and learning content and 
interdisciplinary practices covering sciences and math 
through engineering and design functional integration by 

using relevant technology engineering. 
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Figure 2.  Learning activity 

The phases of blended learning implementation with 
STEM education approach are:  
 On the first meeting, the teacher explained the 

learning objectives and learning process. 
 Next, the teacher divided students to five groups. 

Each group consisted of 5-6 students who are 
heterogeneous in sex and have previous learning 
achievement. 

 On face-to-face learning, the teacher would ask the 
students to prepare questions and project assignment, 
design project plans, and arrange their schedule.  

 On online learning, the teacher utilized Schoology to 
monitor student’s activities and the project progress. 
If students wanted to ask something, they could 
interact with each other via Schoology. Also, the 
teacher also prepared materials to complete materials 
that might be lack of a face-to-face meeting. 

 On face-to-face meeting, the teacher and students 
would evaluate their results or products. Also, the 
teacher would give opportunities to present the 
conclusions made by students and assess learning 
experience during the process of learning activities. 
The score would influence each student's group 
score. 

Online learning activities referred to the use of 
Schoology outside of school learning hours. Teacher and 
students used Schoology as a forum for discussions 
related to projects agreed upon during school hours. The 
following is a screenshot of one of the student and teacher 
activities in Figure 3, Figure 4, and Figure 5. 

The figures show various online learning activities. 
Those figures show that the interaction carried out tends to 
the problems faced by students to do their project tasks. 
The positive side is the existence of repeated posts from 
students to teachers and vice versa to obtain clarity of 
activity. The teacher's ability to manage interactions that 
flow with students influences the level of willingness of 
students to communicate further.  

 

Figure 3.  Teacher and student discussed on the project of simple venturimeter. Agus A. (student) had designed the venturimeter as the procedure but 
it did not work. Suji Artdianti (teacher) explained the system mechanism 

 

Figure 4.  Teacher and student discussed on the project of simple spray. Amalia I (student) asked the solution for the less water from the nozzle of the 
simple spray. Suji Ardianti (teacher) explained the root problem 
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Figure 5.  Teacher and student discussed on the next project activities. M Iqbal (student) made the confirmation on the next assignment. Suji Ardianti 
(teacher) described it 

3. Result 

3.1. Validity and Reliability 

The critical thinking skills’ tests consist of ten essay 
questions. The number of participants was 27 students. 
From the calculation of item validity aspect (alpha 0.05), 
the result showed that number of valid questions was five 
items. The reliability score was 0.419. 

3.2. Normality and Homogeneity Test 

Normality test was carried out by using the one-sample 
Kolmogorov-Smirnov test for pretest and posttest data of 
experimental and control groups. By using SPSS 21.0, the 
result is the data group gives significant score online 
Asymp. Sig. (2-tailed) For experimental group it shows 
0.563 and 0.198 each, while for control group it shows 
0.100 and 0.175. Based on the Sig score, all data results in 
Sig score that is higher than 0.05. Therefore, there were 
eight data groups in this research come from a normally 
distributed population. It means that one of the 
preconditions of F-test has been fulfilled. 

Homogeneity test used homogeneity criteria of data 
variant comparing significance score and alpha (α). The 
guideline for decision making on homogeneity is stated 
homogenous if the error probability is less than 0.05; then 
data variant is homogenous, vice versa. By using SPSS 
21.0, the result is the data group gives a significant score 
for critical thinking skill. Significance level based on mean 
is 0.670. Thus, the group variant of posttest of experimental 
and control groups is similar to homogenous. Therefore, 
the samples from the population were homogenous. 

3.3. Validation Result of Essay Questions 

Essay questions used in this research adopted indicators 
explained by [23]. Before using, they first passed the 
validation phase carried out by some experts. There are 
several components observed in the question content, such 

as material, construction, and language aspects. The 
description of validation result data by experts is on 
following Table 3. 

Table 3.  The Result of Expert Validation for Critical Thinking Skill 
Essay Questions 

Expert  
Components 

Material Construction Language 

Physics Subject Expert 1 23 20 18 

Physics Subject Expert 2 23 21 18 

Physics Subject Expert 3 24 24 20 

Based on Table 3, the validity score of each component 
is nearly perfect towards questions used. Meanwhile, 
viewed from the content validity coefficient from the three 
validators, the score of average content validity coefficient 
is 1. If it is more than 0.8 so content validity coefficient is 
stated high. Figure 6 shows the flowchart of data of physics 
expert question validity.  

 

Figure 6.  Flowchart of data of physics expert question validity 

3.4. The Score of Prior Knowledge 

Based on data of pretest score of experimental and 
control groups, mean, media, modus, minimum and 
maximum scores were calculated. Table 4 describes data of 
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prior capability of experimental and control groups. 

Table 4.  Data of Prior Knowledge Score 

Group N Mean Median Modus Min. Max. 

Experiment 27 48,4 48 44 32 56 

Control 27 46,7 48 48 36 56 

On Table 4, the mean of the experimental group is 48.8 
and median is 48. Meanwhile, the average of the control 
group is 46.7, and the average is 48. 

3.5. The Score of Student's Critical Thinking Skill 

Data of student’s critical thinking skill of experimental 
and control groups can be observed on the attachment. 
Based on the data, we can calculate the mean, the median, 
the modus, the minimum, and the maximum score. Table 5 
shows the description of post-test data of experimental 
group and control group. 

Table 5.  Data for Critical Thinking Skill Score 

Group N Mean Median Modus Min Max 

Experiment 27 81,5 80 80 72 92 

Control 27 60,6 60 60 52 72 

On Table 5, the mean of the experimental group is 81.5, 
and the median is 80. Meanwhile, the mean of the control 
group is 60.6, and the average is 60. The score of each 
indicator of critical thinking skill explained by Ennis (2011) 
has been developed for experimental and control groups as 
in Table 6. 

Table 6.  Data for each indicator of critical thinking skill 

No The indicator of critical 
thinking skill 

Experimenta
l Group 

Control 
Group 

1 Elementary clarification 117 102 

2 Basic support 109 81 

3 Inferences 99 72 

4 Advances clarification 95 72 

5 Strategy and tactics 110 67 

Average 106 78.8 

Based on the data result of critical thinking skill 
indicators, the indicator that got the highest score of each 
group is elementary clarification, while the lowest occurs 
on control group which is strategy and tactics. Figure 7 
shows the flowchart of the critical thinking skill score. 

In Figure 7, it shows that in the experimental class and 
the control class the highest acquisition score occurs on 
elementary clarification indicators. While for the 
experimental group, the lowest score happened on 
clarification advances indicators, and the control class on 
the strategy and tactics indicator. The average score 
obtained when viewed from both groups, and it turns out 
that the experimental group is higher than the control 
group. 

 

Figure 7.  Flowchart of critical thinking skill per indicator 

3.6. ANCOVA Test 

Using one covariant variable analysis technique, by 
controlling prior knowledge towards the linear relationship 
between previous capability and student's critical thinking 
skill, it shows significance score which is less than 0.05. 
Data obtained is 0.036. If viewed the influence of the 
difference of STEM education approach on blended 
learning towards student’s critical thinking skill, it seems 
that significance score (group division) for STEM 
education approach on blended learning is 0.000. Since the 
score is less than 0.05, so it can be concluded that without 
the influence of prior knowledge, on the credibility level of 
95%, there is an influence of difference of STEM education 
approach on blended learning towards critical thinking 
skill. 

The influence of student’s prior knowledge and STEM 
education approach on blended learning towards student’s 
critical thinking skill simultaneously can be viewed from 
significance number on Corrected Model. It can be seen 
that a significant amount is 0.000. Since the significant 
number is less than 0.05, so it implies that simultaneously 
student's prior knowledge and learning used influence 
critical thinking skill. Table 7 and Table 8 respectively 
describe the analysis of both the control and the 
experimental groups. 

Table 7.  Descriptive Statistics of Student’s Critical Thinking 

Group  Mean Std. Deviation N 

Experiment 81.4815 5.10181 27 

Control 60.5926 5.16839 27 

Total 71.0370 11.70545 54 

Based on Table 7, the experiment group has higher mean 
of critical thinking score (81.48) than the control group 
(60.59). The standard deviations are almost the same for 
both groups (about 5.1). 

Table 8 implies that the prior knowledge has the 
significant effect on the critical thinking skill. This 
covariate should be considered to find the clear effect of 
the learning strategy to the critical thinking skills. 
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Table 8.  ANCOVA result 

Source Type III Sum 
of Squares DF Mean 

Square F Sig. 

Corrected 
Model 6004.477a 2 3002.239 121.766 .000 

Intercept 2282.613 1 2282.613 92.579 .000 

Prior 
knowledge 113.810 1 113.810 4.616 .036 

Groups 5470.897 1 5470.897 221.890 .000 

Error 1257.449 51 24.656   

Total 279760.000 54    

Corrected 
Total 7261.926 53    

4. Discussion 
Based on the results of the research that have been 

revealed and presented in the previous part, the beginning 
of the learning score of 5 item essay questions of critical 
thinking skill as prior knowledge of the experimental and 
control groups was categorized fair and not significant. 
T-test towards student’s prior knowledge and learning 
interest shows that by using a significant level of 5% or 
0.05, there is no significant difference in prior knowledge 
between two dependent variables. From output data result 
on Independent Sample t-test which is a score of 2-tailed 
error level that is 0.236 (higher than .05) on critical 
thinking. Therefore, H0 is accepted. It means "there is no 
difference in critical thinking skill level between two 
groups." 

Next, after the implementation of STEM education 
approach on blended learning, posttest score of student's 
critical thinking skill is categorized fair, so STEM 
education approach on blended learning gives a positive 
influence towards the increase of student's critical thinking 
skill and learning interest. The rise of student's critical 
thinking skill can be identified from each indicator given 
when pretest and posttest generally increase in the two 
groups, even though there is a significant difference 
between the two groups. 

The highest increase occurs in the group using the 
STEM education approach on blended learning on the 
indicator of "Elementary clarification" (Table 4). The 
increase in this aspect occurs because students had 
opportunities to actively participate in learning by giving 
clarification related to presented questions. The lowest 
increase occurs on "Advance clarification." 

After the implementation of STEM education approach 
on blended learning on experimental group, it seems that 
the average increase of student's critical thinking skill 
achievement is good increment compared to the 
conventional learning activity. The difference in the rise of 
student's critical thinking skill of each group can be 
explained from the approach and learning process on each 
group during learning. On the group using STEM 

education approach on blended learning, the learning 
process is more effective and active in developing student’s 
critical thinking skill. In another side, on the 
implementation of STEM education approach, students are 
guided to find the answer of materials taught independently, 
so the learning process is more active and student-centered, 
or students play the role as the center of learning activities 
[26][27]. Table 9 shows the finding on the summary of 
N-gain score (the number of the increment to the prior 
score). 

Table 9.  N-gain of the critical thinking skills 

Group  N-gain Criteria 

Experiment 0.60 Fair 

Control 0.26 Low 

Table 9 shows that by using blended learning with 
STEM education approach student's critical thinking skills 
increase 0.60 with fair criteria. From the data in Table 9, 
the blended learning with STEM education approach is 
better in improving essential thinking skill and learning 
interest compared to the conventional one. The statement is 
also supported by the result of t-test on student’s critical 
thinking skill and learning interest by using SPSS 21.0 by 
concluding that H0 is rejected. It means “there is a 
significant increase of student’s critical thinking skill and 
learning interest by using blended learning with STEM 
education approach compared to the conventional one” on 
the significance level of 5% or 0.05.  

As the additional information, based on the result of the 
student understanding of the concepts, the majority of 
students who taught using blended learning with STEM 
education approach have understood the dynamic fluid 
subject. The percentage of the student who passed the 
minimum completeness criteria was 81.5%. It is higher 
than the other group that was 60.6%. From this analysis, it 
means that blended learning with STEM education 
approach is better than conventional learning. It is because 
learning activities that are more actively involve students 
and the teacher only plays a role as a facilitator or is 
student-centered. 

The result of this research shows that using blended 
learning with STEM education approach gives better 
influence to improve student’s critical thinking skill and 
learning interest than conventional learning. It is proven by 
analysis by using ANCOVA test. The results showed that 
there was a difference of influence that is convincing 
between prior knowledge and the student's critical thinking 
skill. 

With the result as previously explained, it seems that 
student's prior knowledge has a contribution towards the 
level of student's critical thinking skill of senior high 
school in Nusa Tenggara Barat, Indonesia. Based on the 
result description as previously explained, it seems that 
student's prior knowledge contributes towards the level of 
critical thinking skill, so it strengthens internal validity 
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revealed. 
In this study, the applied learning strategies influence 

increasing critical thinking skills. This finding supports 
other similar research findings. Several factors need to be 
considered in more detail. In this study, several aspects can 
be examined as separate variables, namely: the learning 
management system used, teacher and student interactions 
during blended learning, mater teaching characteristics, 
and student characteristics. The impact seen is still in the 
outcome, namely critical thinking skills. But the effect on 
output such as the level of interaction related to teacher 
presence, social presence and academic presence has not 
been studied. While many researchers still see many 
opportunities that can be done to make online learning run 
optimally. 

5. Conclusions 
The strategy of learning blended learning based on the 

STEM education approach carried out using the learning 
management system has the potential to increase the 
critical thinking skills of middle school students. In this 
study, prior knowledge is a variable that can be used as a 
predictor for enhancing critical thinking skills. 
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