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 This research aims to investigate the effectiveness of Networked-based Inquiry 
model on 21st-Century Skills and learning outcomes of physics students in senior 
high school. This research was a quasi-experimental with non-equivalent control 
group and 2x3 factorial design. One hundred twenty students participated in this 
research. Research instruments were 21st-Century Skills assessment sheets and 
learning outcomes test items. Descriptive statistics and two-way ANOVA tests 
with a significance level of 5% were used to analyze the research data. The average 
level of students’ 21st-Century Skills at the end of the experimental term in the 
experimental group was 85 and the average N-Gain scores was 0.64. Two-way 
ANOVA test results showed that the experimental group and the control group had 
a significant difference in 21st-Century Skills level (p=0.000). There was no 
significant difference in the level of 21st-Century Skills of students in each 
experiment group (p=0.438). There was no interaction between Networked-based 
Inquiry variable and school category variable in determining the level of 21st-
Century Skills (p=0.774). Learning outcomes test result showed the average scores 
of cognitive competence in the experimental group was 79.00 and percentages of 
completeness was 93%. The findings conclude that the model is effective in 
improving 21st-Century Skills and learning outcomes and can be used as a solution 
in the New Normal COVID-19 era. 
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INTRODUCTION 

The emergence of the COVID-19 outbreak has had a negative impact on various fields, 
especially in education. Until now, the pandemic shows no signs of easing, coupled with 
the new COVID-19 variants that have been found and have spread in Indonesia 
(COVID-19 Handling and National Economic Recovery Committee, 2021). The 
Indonesian government had closed all learning activities in schools and replaced class 
activities with online learning (Basith et al., 2020; Siron et al., 2020). However, various 
obstacles, such as the ICT literacy of teachers and students, internet quotas, internet 
bandwidth, and others, have a negative impact on the effectiveness of learning (Mailizar 
et al., 2020; Setyorini, 2020). Teachers had difficulty in accommodating online learning, 
they only gave students tests and tasks without any learning process (Sutarto et al., 
2020). Parents also had difficulty in supporting and guiding their children to study at 
home online. Consequently, online learning did not take place effectively (Setyorini, 
2020). These obstacles also affected physics learning, because physics is a science that 
is inseparable from observation and experiment, it was very difficult for physics teachers 
to carry out online learning activities that can accommodate the scientific process 
properly. 

These obstacles were initially considered to be a short-term problem, but now it has 
become to be a long-term consequence. This reaffirms that the digitalization of 
education in Indonesia is not easy, even though the idea has long been on the 
government’s agenda to face the fourth industrial revolution. Digitalization of education 
is not just about replacing face-to-face learning with online learning, but it requires 
adequate infrastructure, strengthening coordination between relevant ministries, a 
collaboration between the government and researchers, and education practitioners 
(Frolova et al., 2020; Mertala, 2020). Moreover, there was resistance from teachers and 
students to start innovative processes. In response, the government presented school 
authorities with recommendations and steps to be taken to guarantee a safe reopening of 
schools, namely face-to-face learning in a limited way and complying with the rules of 
health protocol. Furthermore, with the recognition of 21st-Century Skills as a standard of 
competence that students in the current era must possess, relevant physics learning 
model is a model based on scientific processes and the use of ICT in a balanced 
combination. Because according to the 21st-Century Skills framework, these skills cover 
ICT literacy (AASL, 2019; Partnership for 21st Century, 2019), then the substance of 
indicators of critical thinking, creative thinking, communication, and collaboration are 
abilities in digital and real-life aspects (van Laar et al., 2020). In other words, learning 
activities in the New Normal COVID-19 era are carried out by combining face-to-face 
and online learning. 

Based on the observation of learning readiness in the New Normal COVID-19 era 
results, it was found that physics teachers could not use online learning management 
facilities optimally. The teachers used Google Classroom only to provide practice 
questions for students to do at home. They had difficulty when using technology to 
design instruction that components are in sync with each other (learning materials, 
methods, assessments, and media). The teachers used ICT only at the applying level, 
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they used laptops and projectors to show learning materials and then gave take-home 
online assignments to students. Based on the analysis of the 21st-Century Skills level and 
student learning outcomes at State Senior High School 1 Sungai Penuh, State Senior 
High School 2 Kerinci, and State Senior High School 4 Kerinci also show poor scores. 
The average level of students’ 21st-Century Skills is still in the low category and the 
overall percentage of students’ 21st-Century Skills level is only 59.60%. Then the level 
of mastery (on a knowledge test) in each school is less than 60%. This finding shows the 
importance of a physics learning model based on scientific processes and the use of ICT 
in a balanced combination, one of which is the Network-based Inquiry learning model. 

Networked-based Inquiry learning model is based on constructivism learning theory and 
connectivism learning theory. The combination of both learning theories forms a 
learning concept capable of developing students’ 21st-Century Skills (digital literacy-
based skills) because this concept is based on scientific processes and the use of ICT in 
a balanced combination. Constructivism is a learning theory that assumes that 
knowledge is gained from the construction process through human interaction with 
humans, objects, phenomena, experiences, and their environment (Glasersfeld, 1987), 
not gained directly by the senses as the assumption of previous learning theories 

(Pritchard & Woollard, 2010), and use prior knowledge to gain new knowledge by 
understanding what they experience during the learning activity (Bruning et al., 2004). 
Constructivism shapes Network-Based Inquiry character as a learning model that 
emphasizes on the construction of knowledge from concrete experiences, collaborative 
activities, observation, and reflection. The praxis is actualized by the inquiry process, 
problem-solving, and collaboration. Then, in the connectivism paradigm, learning is a 
process when students connect and take part in the learning community to gain new 
knowledge. This interaction is not only through digital discussions but also through 
observing images, videos, and multimedia (Siemens, 2005). Connectivism shapes 
Network-Based Inquiry character as a learning model that emphasizes to gain new 
knowledge through relying on ICT to accommodate the process of student interaction 
with the learning community and learning resources. The praxis is actualized by 
processes that rely on ICT in collect information, collaboration, communication, 
discussion, and problem-solving.  

Networked-based Inquiry is a development of the inquiry-based learning. Inquiry-based 
learning has a positive impact on learning outcomes, both on attitudes, skills, and 
knowledge (Aktamiş et al., 2016; Lai et al., 2018; Sutiani et al., 2021). Many studies 
have consistently shown that inquiry-based learning more effective than other learning 
models (Lazonder & Harmsen, 2016). Inquiry-based learning is a scientific 
phenomenon-based learning. Students make observations and generate hypotheses, then 
conduct investigations, conduct experiments, analyze the data, and conclude (Joyce et 
al., 2016; Pedaste et al., 2015). In these activities, students actively construct their own 
knowledge (student-centered learning) (Kaiser et al., 2018). This learning aims to 
encourage students to discover the concepts that they learn. The process in the inquiry-
based learning can be defined as the process of "discovery" (Marshall et al., 2017). 
However, the "discovery" obtained by students in inquiry-based learning is not a 
discovery as inventors have done. Besides conducting experiments, investigation 
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activity in inquiry-based learning can also be carried out by collecting information from 
various reference sources (Pedaste et al., 2015).  

This inquiry process is accommodated through the use of ICT at the infusing level, 
namely by integrating networked learning into inquiry-based learning. Networked 
learning is a learning approach that encourages connections between students and 
learning resources, between students and students, and between students and teachers by 
relying on ICT to accommodate these activities (Holmfeld et al., 2012; Jones, 2015). 
This approach refers to a socio-material understanding of how to integrate technology 
into learning and social processes, because networked learning is related to learning 
through digital technology (Jones, 2015).  

The combination of both concepts is the shape of learning based on scientific processes 
and the use of ICT in a balanced combination. The emphasis on the Networked-based 
Inquiry learning model is to facilitate students in developing 21st-Century Skills and 
building on their knowledge and understanding through real-life and digital experiences. 
Mainly, the Networked-based Inquiry learning model consists of preparation for having 
prior knowledge, the inquiry process, and strengthening of knowledge, as shown in 
Figure 1. 

 
Figure 1 
The basic cycle of networked-based inquiry 

Based on the process cycle, Networked-based Inquiry activities are systematic and 
comprehensive to learn a lesson for students. The existence of a pre-learning activities 
process to construct students’ prior knowledge increases their positive performance in 
the inquiry process. Moreover, to further strengthen student understanding, students are 
also accommodated to could questions, discuss, reinforce each other, and share 
information through online learning management facilities after class. Therefore, the 
activity in this model as a whole is capable of accommodating engage maximum student 
abilities, namely thinking skills (creative, critical, logical, systematic, and analytical), 
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scientific abilities (scientific skills and attitudes), and social skills (communication and 
collaboration). This model has been tested for validity by involving experts in science of 
education, physics education, physics learning media, educational technology, and 
Indonesian language. The test results showed this model has high validity based on the 
content, construct, and linguistic aspects, with the average validity (Aiken Value) of 
0.88 (Novitra et al., 2020). This model is believed to be a multi-literate pedagogical 
solution that can answer the challenges of the 21st-Century, such as having ICT skills, 
collecting information skills, collaboration skills, communication skills, sharing 
information skills, critical thinking skills, and creative thinking skills. Therefore, this 
research aims to investigate the effectiveness of Networked-based Inquiry learning 
model in improving 21st-Century Skills and learning outcomes of physics students 
(senior high school) in the New Normal COVID-19 era. 

METHOD 

Research Design 

This research was a quasi-experimental with a 2x3 factorial design shown in Table 1. 

Table 1 
Factorial design of two-way ANOVA 

                            Model 
School Category 

Networked-based 
Inquiry 

Inquiry-based Learning 
(Control) 

High (A) X1Y1 X2Y1 

Moderate (B) X1Y2 X2Y2 

Low (C) X1Y3 X2Y3 

Note. X1Y1= The group in category A school that implements Networked-Based 

Inquiry; X1Y2= The group in category B school that implements Networked-

Based Inquiry; X1Y3= The group in category C school that implements 

Networked-Based Inquiry; X2Y1= The group in category A school that 

implements Inquiry-based Learning; X2Y2= The group in category B school that 

implements Inquiry-based Learning; X2Y3= The group in category C school that 

implements Inquiry-based Learning 

The experiment was carried out in four meetings on the study subject of Newton's Laws 
of Motion. To investigate the effectiveness of the Networked-based Inquiry on 21st-
Century Skills, the four 21st-Century Skills sub-evaluation (creative thinking, critical 
thinking, communication, and collaboration) were observed using the 21st-Century Skills 
assessment sheet at each meeting. Furthermore, the effectiveness of the Networked-
based Inquiry on learning outcomes (cognitive domain) was assessed from the results of 
the students' post-test scores after experimental term using learning outcomes test items. 

The phases of the Networked-based Inquiry learning model involved in this research 
consist of online orientation, problem identify in e-resources, exploration using ICT 
tools, report findings, and closure. Online orientation is the phase before learning in 
class. Stimulating students to search information and brainstorm about physics 
phenomena video through online learning management facilities. Problem identify in e-
resources is the phase of facing physics problems video to students and then students 
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generate hypotheses through online learning management facilities. Exploration using 
ICT tools is the phase of the investigation.  Students collect data/information through 
virtual experiments or through a literature review of online materials, then discuss, 
analyze, and interpret it with groupmates. Report findings is the phase of presenting 
students' findings in front of the class and discussing with others. Comparing their 
findings with hypotheses. Then students sharing their findings on social media. Closure 
contains the sub-phases of draw conclusions and online reflection. At the end of learning 
in class, the teacher guides students to draw conclusions from the learning process. After 
learning in class, students asking questions about previous topics, exchanging ideas, and 
sharing information through online learning management facilities (Novitra et al., 2020). 

Population and Samples  

The population of this research were tenth-grade students majoring in Mathematics and 
Natural Sciences in Kerinci Regency and Sungai Penuh City, Jambi province. The 
sample consisted of 120 students from 6 classes in 3 different schools, namely SSHS 1 
Sungai Penuh, SSHS 2 Kerinci, and SSHS 4 Kerinci. The cluster random sampling 
technique was used to select the three senior high schools based on the average value of 
accreditation, namely schools in the high, moderate, and low categories. 

Instruments 

The research instruments used to collect data were 21st-Century Skills assessment sheets 
and learning outcomes test items. The 21st-Century Skills assessment sheet consists of 
performance assessment sheet and peer assessment sheet. 21st-Century Skills assessment 
was developed based on the indicators of the 21st-Century Skills survey instrument by R. 
Kelley et al. (2019) and the 21st-Century Skills framework by Partnership for 21st 
Century (2019), as shown in Table 2.  
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Table 2 
Instrument grid of 21st-Century Skills assessment  

 Indicators 

Creative 
Thinking 

1. Ability to present ideas clearly (both online and in-person) 
2. Ability to present original ideas (both online and in-person) 
3. Ability to present many alternative solutions in solving a problem (both online and in-person) 
4. Ability to collect various information/data to solve problems (both online and in-person) 
5. Ability to implement existing knowledge in several situations  
6. Ability to create unique product/thought 

Critical 
Thinking 

1. Ability to recognize strengths and weaknesses of self and group 
2. Ability to evaluate peer arguments (both online and in-person) 
3. Ability to provide feedback on peer arguments (both online and in-person) 
4. Ability to deliver explanations (both online and in-person) 
5. Ability to conclude the quality of information (both online and in-person) 
6. Ability to use knowledge flexibly 
7. Ability to understand questions asked by peers (both online and in-person) 
8. Ability to ask clarifying questions (both online and in-person) 
9. Ability to interpret information (both online and in-person) 

Collaboration 1. Ability to manage group work 
2. Ability to help the group solve problems  (both online and in-person) 
3. Ability to provide suggestions to groupmates  (both online and in-person) 
4. Ability to encourage group progress in completing tasks  (both online and in-person) 
5. Ability to work in a group without teacher help 
6. Ability to acknowledge and respect the opinions of peers 
7. Ability to carry out roles in the group 
8. Be polite and kind to groupmates  (both online and in-person) 
9. Ability to deliberate in the group for decision making  (both online and in-person) 
10. Ability to manage time 
11. Ability to discuss task completion  (both online and in-person) 
12. Ability to help peers when needed 
13. Responsible for completing tasks 

Communication 1. Ability to use appropriate communication media to increase knowledge (both online and in-
person) 

2. Ability to use formal language styles (both online and in-person) 
3. Ability to listen actively when peers talk (both online and in-person) 
4. Ability to present information concisely, clearly, and logically (both online and in-person) 
5. Ability to present information with formal body language 

This instrument is valid through a validity test involving experts in science of education, 
physics education, and educational technology (average Aiken's V value=0.87) (Novitra 
et al., 2020).  

The learning outcomes test items were also analyzed first. The validity of the test items 
used the Pearson Product Moment Correlation. The test items were tested in eleventh-
grade students and obtained 12 valid items and 8 invalid items. Then the reliability test 
of the 12 valid questions used the Kuder–Richardson Formula 20 (KR-20) and obtained 
a reliability coefficient of 0.97. 

Data Analysis  

Twenty-first Century Skills data were analyzed by two-way ANOVA test with a 
significance level of 5% using SPSS 26 software. The decision-making criteria is if the 
significant value (p) on the SPSS output is less than 0.05 then H1 is accepted. The 21st-
Century Skills in each sub-evaluation were determined by a calculation that refers to the 
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number of the student scores divided by maximum score and multiplied by 100. The 
21st-Century Skills assessment was determined based on five categories comprising very 
high (90 ≤ N ≤ 100), high (80 ≤ N ≤ 89), adequate (65 ≤ N ≤ 79), low (30 ≤ N ≤ 64), 
and very low (0 ≤ N ≤ 29). The improvement of students' 21st-Century Skills (N-Gain 
score) was defined by the category consisting of high (g > 0,7), Moderate (0,3 < g < 
0,7), and low (g < 0,3). Furthermore, student learning outcomes also were determined 
by a calculation that refers to the number of the student scores divided by maximum 
score and multiplied by 100. 

The Networked-based Inquiry learning model is considered effective if: (1) The average 
level of students' 21st-Century Skills at the end of the experimental term in each 
experimental group is in the high or very high category; (2) The average level of 
student's 21st-Century Skills improvement at the end of the experimental term in each 
experimental group is in the moderate or high category; (3) There is a significant 
difference in 21st-Century Skills level between the experimental group and the control 
group in the three schools; (4) There is no significant difference in the level of 21st-
Century Skills in the experimental group in the three school categories; (5) There is no 
interaction between the Network-based Inquiry variable and the school category variable 
in determining the level of students' 21st-Century Skills; (6) The average score of 
cognitive competence in each experimental group reaches a score of ≥75 and the 
percentage of student learning completeness is more than 70%. 

FINDINGS AND DISCUSSION 

Analysis of 21st-Century Skills  

The results of the 21st-Century Skills analysis in each indicator before the experimental 
term and four meetings, as shown in Figure 2. In the control groups, the four indicators 
had improved, but the improvement was not significant. The average score at the end of 
the experimental term in each school was 70, 70, and 71. All indicators were in the 
adequate category. The highest score was collaboration, and the lowest was critical 
thinking. In the experimental groups, the four indicators had improved significantly. The 
average score at the end of the experimental term in each school was 85, 86, and 86. At 
the first meeting, the four indicators in the three schools had not achieved the adequate 
category, but had improved. This is because students are still adapting to the 
Networked-based Inquiry learning model. Critical thinking skills and creative thinking 
are skills that have the lowest score. Teachers’ and students’ habits towards the previous 
learning model affect the confidence of students in expressing opinions and providing 
feedback on the opinions of others (Festiyed et al., 2018). The important factor that 
affects the improvement of students’ critical thinking skills in the classroom is the class 
culture that accustoms students with seeking truth through discussion, confidence, open-
mindedness, and high-curiosity (Facione & Gittens, 2013; Ghadi et al., 2012). Mental 
readiness, courage, and self-confidence also affect their fluency in expressing their 
opinions (creative thinking) (Chan, 2013; Sullivan, 2015). In addition, the lack of 
practical experience of students in learning that accommodates the development of 
thinking skills also affects this suboptimal result (Hidayat et al., 2018). 
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Figure 2 
Results of 21st-century skills assessment 

At the second meeting, students looked comfortable and set to get used to the process 
Networked-based Inquiry learning model, although there were still students who were 
hesitant about experimenting and presenting activities. At this meeting, the scores for 
creative thinking and critical thinking skills are getting better. The utilization of gadgets 
(e-books linked to the Google Classroom) in the online orientation phase provides 
intrinsic motivation for students to learn after learning in class actively (Razzaq et al., 
2018). This phase constructs the prior knowledge of students to face learning in the 
classroom (Stathopoulou et al., 2018), hence students experience a process of reflection 
on existing knowledge and encourage creative thinking and critical thinking based on 
the existing knowledge (Sung et al., 2018). This process promotes students to generate 
various interpretations of a problem with varied ideas (J. Yang & Zhao, 2021), and these 
abilities also appear in a digital context (Claro et al., 2012). Consequently, they have 
more confidence to express their opinion, even provide feedback on the opinions of their 
peers (Liu et al., 2019; Zambrano et al., 2019). In addition, the inquiry process in the 
model also affects this improvement. Several studies also support the effectiveness of 
the inquiry process on creative thinking and critical thinking. According to Conradty & 
Bogner (2019), Rodríguez et al. (2019), and Zubaidah et al. (2017), the inquiry process 
is capable of improving students' creative thinking significantly because it covers 
brainstorming which is the primary factor in its improvement, and activities such as 
defining problems, generating hypotheses, evaluating evidence, and verifying theories 
are also considered key for developing creative thinking. The inquiry process is also 
capable of improving students' critical thinking significantly because it involves students 
in the observation and exploration, accordingly encouraging and stimulating them using 
logical skills (e.g. analysis, interpretation, evaluation, explanation, inference, self-
regulation, etc) (Duran & Dökme, 2016; Muskita et al., 2020; Wale & Bishaw, 2020; 
Wartono et al., 2018). 

All indicators at this meeting were classified in the adequate category, except for 
collaboration, which was in the high category. This is because the Networked-based 
Inquiry learning model emphasizes collaborative activities, especially in the third, 
fourth, and fifth phases. In the third and fourth phases, students collecting data, 
presenting the findings in front of the class, and discussing it. This inquiry process 
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provides opportunities that stimulate students to have better collaborative performance 

(Chen et al., 2018; Sinha et al., 2015; Xing et al., 2019). In the fifth phase, students 

exchanging ideas, asking questions about previous topics, and sharing information 
through online learning management facilities. This networked activity provides 
opportunities that stimulate students to improve their collaboration skills in accordance 
with the current era, namely digital collaboration (Anders, 2018; Hodgson & 
McConnell, 2019; Lee et al., 2020; McCulloch et al., 2017; Schreurs et al., 2019; 
Vivakaran & Maraimalai, 2019). Thus, students rely on each other in groups, trust each 
other, and take responsibility for each other (Kwon et al., 2013; Laal, 2013).  

At the third and fourth meeting, the average of 21st-Century Skills level in each 
experimental group had achieved high category, except for critical thinking skills at 
SSHS 4 Kerinci, which was still in the adequate category. However, on average, critical 
thinking skills in the three schools were among the high category. The indicator that had 
the highest score was collaboration skills. During the experimental term, no significant 
anomalies were found in the communication skill. This is because the networked 
approach that uses ICT at the infusing level provides communication that students 
prefer. Besides facilitating discussions and presentation of findings in front of the class, 
the Networked-based Inquiry learning model also accommodates students in conducting 
digital communication through online learning management facilities. Today’s 
communication has been reconceptualized into two-way communication through digital 
channels (Gushevinalti et al., 2020). The use of digital media in learning has a 
significant impact on the development of communication skills (Berestova et al., 2021) 
and affects students' learning experience because of its suitability with the current form 
of communication, and enhances student's motivation, performance, and confidence in 
writing (Cardon & Marshall, 2015; Galvin & Greenhow, 2020). 

In overall, these results showed that the four indicators had improved at every meeting. 
The comparison of the average scores before and after the experimental term showed 
that the students' 21st-Century Skills have been a significant improvement, with an N-
Gain score above 0.50 in each experimental group. The results of the N-Gain score in 
each indicator, as shown in Table 3. 

Table 3 
N-gain score of 21st-Century skill 

School 
Creative 
Thinking 

Critical 
Thinking 

Collaboration Communication Average 

SSHS 1 SP 0.69 0.61 0.64 0.56 0.62 

SSHS 2 KR 0.67 0.62 0.67 0.57 0.63 

SSHS 4 KR 0.76 0.56 0.69 0.67 0.67 

Average 0,64 

Category Moderate 

Analysis of the effect of the Networked-based Inquiry learning model 

This analysis used the SPSS 26 software. Before conducting the two-way ANOVA test, 
normality and homogeneity tests were administered as the prerequisite test. The 
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normality test was examined using the Kolmogorov-Smirnov test, with the significance 
level of 0.05. The results of this test, as shown in Table 4. 

Table 4 
The normality test result 
 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SSHS 1 Experiment 0.104 20 0.200* 0.964 20 0.619 

SSHS 1 Control 0.139 20 0.200* 0.909 20 0.060 

SSHS 2 Experiment 0.129 20 0.200* 0.944 20 0.281 

SSHS 2 Control 0.157 20 0.200* 0.918 20 0.093 

SSHS 4 Experiment 0.128 20 0.200* 0.937 20 0.212 

SSHS 4 Control 0.143 20 0.200* 0.916 20 0.082 

The Kolmogorov-Smirnov test results scored a significance level on each group higher 
than 0.05 (p>0.05). This means that the data were normally distributed. The 
homogeneity test was examined using the Levene’s test, with the significance level of 
0.05 (Levene’s F=1.855, Sig.=0.108). The Levene’s test results scored a significance 
level higher than 0.05 (p>0.05). This means that the data were homogenous. Based on 
this prerequisite test, it shows that the effectiveness analysis can be examined using a 
parametric test, namely the two-way ANOVA test. The results of this test, as shown in 
Table 5. 

Table 5 
The two-way ANOVA test result 
Source Type III Sum 

of Squares 
df Mean Square F Sig. 

Corrected Model 6937.469a 5 1387.494 62.931 0.000 

Intercept 728161.249 1 728161.249 33026.355 0.000 

Learning Model 6889.497 1 6889.497 312.479 0.000 

School  36.676 2 18.338 0.832 0.438 

Learning Model * School 11.296 2 5.648 0.256 0.774 

Error 2513.459 114 22.048   

Total 737612.176 120    

Corrected Total 9450.927 119    

The significance score of learning model aspect was less than 0.05, which was 0.000. It 
indicated that H1 was accepted, which meant that there was a significant difference in 
level of students' 21st-Century Skills between the experimental group using the 
Networked-based Inquiry learning model and the control group using the Inquiry-based 
learning model. The significance score of the school aspect was higher than 0.05, which 
was 0.438. It indicated that H1 was rejected, which meant that there was no a significant 
difference in level of students' 21st-Century Skills in the experimental group in the three 
school categories. The significance score of the interaction between Network-Based 
Inquiry and school category aspect was higher than 0.05, which was 0.774. It indicated 
that H1 was rejected, which meant that there was no interaction between the Network-
Based Inquiry variable and the school category variable in determining the level of 
students' 21st-Century Skills. 



1008                           Networked-based Inquiry: An Effective Physics Learning in … 

 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Learning outcomes in the experimental group 

After the end of the experimental term, a test of learning outcomes was conducted in the 
cognitive domain. The results of this test, as shown in Table 6. 

Table 6  
Completeness of student learning outcomes 

School 
Average of learning 

outcomes 

The number of students Percentage of 

completeness Complete Not complete 

SSHS 1 SP 79.2917 18 2 90% 

SSHS 2 KR 80.0417 20 - 100% 

SSHS 4 KR 78.0208 18 2 90% 

The results show that the Networked-based Inquiry learning model has not only a 
positive impact on the improvement of students’ 21st-Century Skills, but also has a 
positive impact on student learning outcomes. The results also show that the Networked-
based Inquiry learning model is better than the inquiry-based learning model in 
improving students’ 21st-Century Skills and has a positive impact on learning outcomes. 
This is because Networked-based Inquiry activities are systematic and comprehensive, 
and possesses a blend of scientific processes and the use of ICT in a balanced 
combination. The application of the learning model and all its components also 
optimizes the improvement of student competencies under the goals that have been set 
(Arends, 2009; Gilbert & Justi, 2016), because it covers learning that have internal 
consistency between its components, such as syntax, social systems, support systems, 
and the principle of reactions (synchronous learning components) (Joyce et al., 2016). 

The social system built on the Networked-based Inquiry learning model provides 
teacher roles as motivator, facilitator, guide, and reflector. As a motivator, the teacher 
must encourage students’ positive feelings in terms of their curiosity about the subject 
through visual representations, such as meaningful and interesting videos, animations, 
and graphics, thus making abstract material more concrete (Barak et al., 2011; Tang et 
al., 2010). As a facilitator, the teacher creates a constructive learning environment, such 
as brainstorming activity, information exploration, discussion, and collaboration 
(Bénéteau et al., 2017; Turner et al., 2018). The teacher prepares meaningful and 
interesting problems, learning resources, and experiments, so that students can observe, 
generate hypotheses, collect information, experiment, discuss, and cooperate. As a 
guide, the teacher guides submissive students to argue and cooperate in learning 

(Johnson, 2011; W. T. Yang et al., 2015). The teacher pays exclusive attention to 
passive students. Then, as a reflector, the teacher observes the dynamics of student 
behavior (Douglas & Chiu, 2013) and strives for students to stay focused and 
enthusiastic in learning (Roller & Zori, 2017). 

The support system for the Networked-based Inquiry learning model in presenting 
problems and accommodating the inquiry process is ICT-based teaching materials. The 
teaching material is an interactive student e-book. Interactive e-books can be organized 
with videos, communication media, and various types of virtual technology (Asrowi et 
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al., 2019), so that they can be used as tools to improve student performance in 
constructing their knowledge (Sung et al., 2019). Interactive e-books also have a 
positive effect in improving the high order thinking skills of students (Adawiyah et al., 
2019; Sung et al., 2018). Besides student e-books, teacher e-books and 21st-Century 
Skills assessment instruments are also needed as a guide for teachers in applying the 
Networked-based Inquiry learning model and assessing students’ 21st-Century Skills. 

The principle of reaction in the Networked-based Inquiry learning model assists students 
to conduct investigations and collaboration, not conduct investigations for students. The 
teacher pays attention to every interaction between students. This reaction is carried out 
to bring conducive and quality collaboration between students (Sinha et al., 2015). The 
teacher provides training to students who are dominant and submissive about how to 
learn collaboratively. This reaction is important because the imbalance of student 
participation and contribution in study groups has a negative impact on the student self-
regulation aspect. If there are questions that cannot be answered with "yes" or "no", then 
the teacher throws back constructive questions to the students, so that the students can 
explore their knowledge (Rogat & Adams-Wiggins, 2014). In the inquiry process, 
students should not be told, but students are directed to reach a correct conclusion based 
on systematic thinking and reasoning (Kaiser et al., 2018). If the discussion is out of the 
subject context, the teacher directs students so that the discussion returns to the goal to 
be achieved. The inquiry process does not mean letting students think outside the 
subject context, but the teacher must identify the misconceptions experienced by 
students, then direct them back (Turner et al., 2018). 

These learning aspects show that the Network-Based Inquiry learning model has 
interrelated and supportive components, so that it can be used as the right solution in 
presenting a multiliteracy pedagogy that can answer the challenges of the 21st-Century, 
such as having ICT skills, collecting information skills, collaboration skills, 
communication skills, sharing information skills, critical thinking skills, and creative 
thinking skills. Therefore, this research provides benefits and many implications for 
teachers and stakeholders to implement the learning process in the New Normal 
COVID-19 era and accelerate the digitalization of Indonesian education. 

CONCLUSION 

In conclusion, the Network-Based Inquiry learning model is effective in improving 
students' 21st-Century Skills and learning outcomes in the New Normal COVID-19 era. 
The average level of students' 21st-Century Skills in the experimental group was 85 
(high category) with an N-Gain score of 0.64 (moderate category) higher compared to in 
the control group. The average score of creative thinking, critical thinking, 
collaboration, and communication at the end of the experimental term in the 
experimental group was 87, 80, 90, and 85, while in the control group was 68, 67, 76, 
and 70. There was a significant difference in 21st-Century Skills level between the 
experimental group and the control group in the three schools (p=0.000). There was no 
significant difference in the level of 21st-Century Skills in the experimental group in the 
three school categories (p=0.438). There was no interaction between the Network-Based 
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Inquiry variable and the school category variable in determining the level of students' 
21st-Century Skills (p=0.774). The average score of cognitive competence in each 
experimental group reached a score of 79 and the percentage of student learning 
completeness was 93%. Thus, this research contributes to implement an effective 
learning process in the New Normal COVID-19 era in Indonesia. Moreover, it can be 
considered by education practitioners and policymakers to implementing a relevant 
learning model in the current era, and be an option towards digitalizing education in the 
future. Although the Networked-based Inquiry learning model seems effective in 
improving 21st-Century Skills and learning outcomes, there are limitations to this 
research. Future research needs to implement the model at all levels of education and in 
other fields of science, and control for the psychological variables involved (e.g. student 
intelligence, student learning styles, student interests, teacher competence, etc).  

REFERENCES  

AASL. (2019). Standards for the 21st Century Learner. American Association of 
School Library. https://www.ala.org/tools/research/librariesmatter/standards-21st-
century-learner 

Adawiyah, R., Harjono, A., Gunawan, G., & Hermansyah, H. (2019). Interactive e-book 
of physics to increase students’ creative thinking skills on rotational dynamics concept. 
Journal of Physics: Conference Series, 1153(1). https://doi.org/10.1088/1742-
6596/1153/1/012117 

Aktamiş, H., Hiğde, E., & Özden, B. (2016). Effects of the inquiry-based learning 
method on students’ achievement, science process skills and attitudes towards science: 
A meta-analysis science. Journal of Turkish Science Education, 13(4), 248–261. 
https://doi.org/10.12973/tused.10183a 

Anders, A. D. (2018). Networked learning with professionals boosts students’ self-
efficacy for social networking and professional development. Computers and 
Education, 127(March), 13–29. https://doi.org/10.1016/j.compedu.2018.08.009 

Arends, R. I. (2009). Learning to Teach: Ninth Edition. McGraw-Hill, Inc. 

Asrowi, Hadaya, A., & Hanif, M. (2019). The Impact of Discovery Learning on 
Students’ Mathematics Learning Outcomes. International Journal of Instruction, 12(2), 
709–722. https://doi.org/10.1088/1742-6596/1320/1/012038 

Barak, M., Nissim, Y., & Ben-Zvi, D. (2011). Aptness between Teaching Roles and 
Teaching Strategies in ICT-Integrated Science Lessons. Interdisciplinary Journal of E-
Skills and Lifelong Learning, 7, 305–322. https://doi.org/10.28945/1526 

Basith, A., Rosmaiyadi, R., Triani, S. N., & Fitri, F. (2020). Investigation of Online 
Learning Satisfaction During COVID 19: In Relation to Academic Achievement. 
Journal of Educational Science and Technology (EST), 1(1), 265–275. 
https://doi.org/10.26858/est.v1i1.14803 

Bénéteau, C., Guadarrama, Z., Guerra, J. E., Lenz, L., Lewis, J. E., & Straumanis, A. 



 Festiyed, Novitra, Yohandri & Asrizal    1011 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

(2017). POGIL in the Calculus Classroom. Primus, 27(6), 579–597. 
https://doi.org/10.1080/10511970.2016.1233159 

Berestova, A., Ermakov, D., Aitbayeva, A., Gromov, E., & Vanina, E. (2021). Social 
networks to improve the creative thinking of students: How does it works? Thinking 
Skills and Creativity, 41(July), 100912. https://doi.org/10.1016/j.tsc.2021.100912 

Bruning, R., Schraw, G., Norby, M., & Ronning, R. (2004). Cognitive Psychology and 
Instruction. Prentice Hall. 

Cardon, P. W., & Marshall, B. (2015). The hype and reality of social media use for 
work collaboration and team communication. International Journal of Business 
Communication, 52(3), 273–293. https://doi.org/10.1177/2329488414525446 

Chan, Z. C. Y. (2013). A systematic review of creative thinking/creativity in nursing 
education. Nurse Education Today, 33(11), 1382–11387. 
https://doi.org/10.1016/j.nedt.2012.09.005 

Chen, J., Wang, M., Grotzer, T. A., & Dede, C. (2018). Using a three-dimensional 
thinking graph to support inquiry learning. Journal of Research in Science Teaching, 
55(9), 1239–1263. https://doi.org/10.1002/tea.21450 

Claro, M., Preiss, D. D., San Martín, E., Jara, I., Hinostroza, J. E., Valenzuela, S., 
Cortes, F., & Nussbaum, M. (2012). Assessment of 21st century ICT skills in Chile: 
Test design and results from high school level students. Computers and Education, 
59(3), 1042–1053. https://doi.org/10.1016/j.compedu.2012.04.004 

Conradty, C., & Bogner, F. X. (2019). From STEM to STEAM: Cracking the Code? 
How Creativity & Motivation Interacts with Inquiry-based Learning. Creativity 
Research Journal, 31(3), 284–295. https://doi.org/10.1080/10400419.2019.1641678 

COVID-19 Handling and National Economic Recovery Committee. (2021). Varian 
Mutasi Virus dari Inggris, India, dan Afrika Selatan SUDAH MASUK INDONESIA. 
https://covid19.go.id/p/masyarakat-umum/varian-mutasi-virus-dari-inggris-india-dan-
afrika-selatan-sudah-masuk-indonesia 

Douglas, E. P., & Chiu, C. (2013). Implementation of Process Oriented Guided Inquiry 
Learning ( POGIL ) in Engineering. Dewey 1910, 1–16. 

Duran, M., & Dökme, I. (2016). The effect of the inquiry-based learning approach on 
student’s critical-thinking skills. Eurasia Journal of Mathematics, Science and 
Technology Education, 12(12), 2887–2908. 
https://doi.org/10.12973/eurasia.2016.02311a 

Facione, P., & Gittens, C. (2013). Think critically (2nd ed.). Pearson. 

Festiyed, Djamas, D., & Pilendia, D. (2018). Implementation Authentic Task to 
Enhance Problem Solving and Self-Management for Physics College Students. IOP 
Conference Series: Materials Science and Engineering, 335(1). 
https://doi.org/10.1088/1757-899X/335/1/012068 



1012                           Networked-based Inquiry: An Effective Physics Learning in … 

 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Frolova, E. V, Rogach, O. V, & Ryabova, T. M. (2020). Digitalization of Education in 
Modern Scientific Discourse: New Trends and Risks Analysis. European Journal of 
Contemporary Education, 9(2), 313–336. https://doi.org/10.13187/ejced.2020.2.313 

Galvin, S., & Greenhow, C. (2020). Writing on Social Media: a Review of Research in 
the High School Classroom. TechTrends, 64(1), 57–69. https://doi.org/10.1007/s11528-
019-00428-9 

Ghadi, I., Alwi, N. H., Abu Bakar, K., & Talib, O. (2012). Construct Validity 
Examination of Critical Thinking Dispositions for Undergraduate Students in University 
Putra Malaysia. Higher Education Studies, 2(2), 138–145. 
https://doi.org/10.5539/hes.v2n2p138 

Gilbert, J. K., & Justi, R. (2016). Analogies in Modelling-Based Teaching and 
Learning. https://doi.org/10.1007/978-3-319-29039-3_8 

Glasersfeld, E. (1987). The construction of knowledge: Contributions to conceptual 
semantics. Intersystems Publications. 

Gushevinalti, G., Suminar, P., & Sunaryanto, H. (2020). Transformasi Karakteristik 
Komunikasi Di Era Konvergensi Media [Transformation of Characteristics 
Communication Media in Convergence Era]. Bricolage : Jurnal Magister Ilmu 
Komunikasi, 6(01), 083. https://doi.org/10.30813/bricolage.v6i01.2069 

Hidayat, T., Susilaningsih, E., & Kurniawan, C. (2018). The effectiveness of enrichment 
test instruments design to measure students’ creative thinking skills and problem-
solving. Thinking Skills and Creativity, 29, 161–169. 
https://doi.org/10.1016/j.tsc.2018.02.011 

Hodgson, V., & McConnell, D. (2019). Networked Learning and Postdigital Education. 
Postdigital Science and Education, 1(1), 43–64. https://doi.org/10.1007/s42438-018-
0029-0 

Holmfeld, L. D., Hodgson, V., & McConnell, D. (2012). Exploring the Theory, 
Pedagogy and Practice of Networked Learning. In Exploring the Theory, Pedagogy and 
Practice of Networked Learning. https://doi.org/10.1007/978-1-4614-0496-5 

Johnson, C. (2011). Activities Using Process-Oriented Guided Inquiry Learning 
(POGIL) in the Foreign Language Classroom. Die Unterrichtspraxis/Teaching German, 
44(1), 30–38. https://doi.org/10.1111/j.1756-1221.2011.00090.x 

Jones, C. (2015). Networked learning. In Journal of Documentation. Springer US. 
https://doi.org/10.1108/00220410110803828 

Joyce, B., Weil, M., & Calhoun, M. (2016). Models of Teaching. Edisi Kesembilan. 
Pustaka Pelajar. 

Kaiser, I., Mayer, J., & Malai, D. (2018). Self-generation in the context of inquiry-based 
learning. Frontiers in Psychology, 9(DEC), 1–16. 
https://doi.org/10.3389/fpsyg.2018.02440 



 Festiyed, Novitra, Yohandri & Asrizal    1013 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Kelley, T. R., Knowles, J. G., Han, J., & Sung, E. (2019). Creating a 21st Century Skills 
Survey Instrument for High School Students. American Journal of Educational 
Research, 7(8), 583–590. https://doi.org/10.12691/education-7-8-7 

Kwon, K., Hong, R. Y., & Laffey, J. M. (2013). The educational impact of 
metacognitive group coordination in computer-supported collaborative learning. 
Computers in Human Behavior, 29(4), 1271–1281. 
https://doi.org/10.1016/j.chb.2013.01.003 

Laal, M. (2013). Positive Interdependence in Collaborative Learning. 3rd World 
Conference on Learning, Teaching and Educational Leadership (WCLTA-2012), 93, 
1433–1437. https://doi.org/10.1016/j.sbspro.2013.10.058 

Lai, C. L., Hwang, G. J., & Tu, Y. H. (2018). The effects of computer-supported self-
regulation in science inquiry on learning outcomes, learning processes, and self-efficacy. 
Educational Technology Research and Development, 66(4), 863–892. 
https://doi.org/10.1007/s11423-018-9585-y 

Lazonder, A. W., & Harmsen, R. (2016). Meta-Analysis of Inquiry-Based Learning: 
Effects of Guidance. Review of Educational Research, 86(3), 681–718. 
https://doi.org/10.3102/0034654315627366 

Lee, L. H. J., Rahmat, R. B., Lin, L., Lim, P. H., & Tan, T. H. (2020). The development 
of an implementation framework to support knowledge construction in online networked 
learning. Professional Development in Education, 00(00), 1–22. 
https://doi.org/10.1080/19415257.2020.1763430 

Liu, Q. T., Liu, B. W., & Lin, Y. R. (2019). The influence of prior knowledge and 
collaborative online learning environment on students’ argumentation in descriptive and 
theoretical scientific concept. International Journal of Science Education, 41(2), 165–
187. https://doi.org/10.1080/09500693.2018.1545100 

Mailizar, Almanthari, A., Maulina, S., & Bruce, S. (2020). Secondary school 
mathematics teachers’ views on e-learning implementation barriers during the COVID-
19 pandemic: The case of Indonesia. Eurasia Journal of Mathematics, Science and 
Technology Education, 16(7). https://doi.org/10.29333/EJMSTE/8240 

Marshall, J. C., Smart, J. B., & Alston, D. M. (2017). Inquiry-Based Instruction: A 
Possible Solution to Improving Student Learning of Both Science Concepts and 
Scientific Practices. International Journal of Science and Mathematics Education, 
15(5), 777–796. https://doi.org/10.1007/s10763-016-9718-x 

McCulloch, S., Tusting, K., & Hamilton, M. (2017). The role of networked learning in 
academics’ writing. Research in Learning Technology, 25(1063519), 1–13. 
https://doi.org/10.25304/rlt.v25.1958 

Mertala, P. (2020). Paradoxes of participation in the digitalization of education: a 
narrative account. Learning, Media and Technology, 45(2), 179–192. 
https://doi.org/10.1080/17439884.2020.1696362 



1014                           Networked-based Inquiry: An Effective Physics Learning in … 

 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Muskita, M., Subali, B., & Djukri. (2020). Effects of worksheets base the levels of 
inquiry in improving critical and creative thinking. International Journal of Instruction, 
13(2), 519–532. https://doi.org/10.29333/iji.2020.13236a 

Novitra, F., Festiyed, & Yohandri. (2020). Validity of Networked-Based Inquiry Model 
to Improve 21st-Century Competencies of Students. The 2nd International Conference 
Innovation in Education, 504(Advances in Social Science, Education and Humanities 
Research), 35–41. 

Partnership for 21st Century. (2019). Framework for 21st Century Learning Definitions. 
https://www.battelleforkids.org/networks/p21/frameworks-resources 

Pedaste, M., Mäeots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T., 
Manoli, C. C., Zacharia, Z. C., & Tsourlidaki, E. (2015). Phases of inquiry-based 
learning: Definitions and the inquiry cycle. Educational Research Review, 14, 47–61. 
https://doi.org/10.1016/j.edurev.2015.02.003 

Pritchard, A., & Woollard, J. (2010). Psychology for the Classroom: Constructivism 
and Social Learning. Routledge. 

Razzaq, A., Samiha, Y. T., & Anshari, M. (2018). Smartphone Habits and Behaviors in 
Supporting Students Self-Efficacy. International Journal of Emerging Technologies in 
Learning (IJET), 13(02), 94–109. https://online-journals.org/index.php/i-
jet/article/download/7685/4794 

Rodríguez, G., Pérez, N., Núñez, G., Baños, J. E., & Carrió, M. (2019). Developing 
creative and research skills through an open and interprofessional inquiry-based learning 
course. BMC Medical Education, 19(1), 1–13. https://doi.org/10.1186/s12909-019-
1563-5 

Rogat, T. K., & Adams-Wiggins, K. R. (2014). Other-regulation in collaborative 
groups: implications for regulation quality. Instructional Science, 42(6), 879–904. 
https://doi.org/10.1007/s11251-014-9322-9 

Roller, M. C., & Zori, S. (2017). The impact of instituting Process-Oriented Guided-
Inquiry Learning (POGIL) in a fundamental nursing course. Nurse Education Today, 50, 
72–76. https://doi.org/10.1016/j.nedt.2016.12.003 

Schreurs, B., Cornelissen, F., & De Laat, M. (2019). How do online learning networks 
emerge? A review study of self-organizing network effects in the field of networked 
learning. Education Sciences, 9(4). https://doi.org/10.3390/educsci9040289 

Setyorini. (2020). Pandemi Covid-19 dan Online Learning: Apakah Berpengaruh 
terhadap Proses Pembelajaran pada Kurikulum 13? [Covid-19 Pandemic and Online 
Learning: Does it Affect the Learning Process in Curriculum 13?]. Journal of Industrial 
Engineering & Management Research (JIEMAR), 01(Juni), 95–102. 

Siemens, G. (2005). Connectivism : A Learning Theory for the Digital Age 
Connectivism : elearnspace . Connectivism : A Learning Theory for the Digital Age. 
Elearnspace Everything Elearning, December, 1–5. 



 Festiyed, Novitra, Yohandri & Asrizal    1015 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Sinha, S., Rogat, T. K., Adams-Wiggins, K. R., & Hmelo-Silver, C. E. (2015). 
Collaborative group engagement in a computer-supported inquiry learning environment. 
International Journal of Computer-Supported Collaborative Learning, 10(3), 273–307. 
https://doi.org/10.1007/s11412-015-9218-y 

Siron, Y., Wibowo, A., & Narmaditya, B. S. (2020). Factors Affecting the Adoption of 
E-Learning. Journal of Technology and Science Education, 10(2), 282–295. 

Stathopoulou, A., Karabatzaki, Z., Kokkalia, G., Dimitriou, E., Loukeri, P. I., 
Economou, A., & Drigas, A. (2018). Mobile assessment procedures for mental health 
and literacy skills in education. International Journal of Interactive Mobile 
Technologies, 12(3), 21–37. https://doi.org/10.3991/ijim.v12i3.8038 

Sullivan, S. L. (2015). Student autonomy through creativity. The Journal of Literature 
in Language Teaching, 4(1), 35–53. http://liltsig.org/wp-
content/uploads/2015/07/LiLT_4_1_Sullivan.pdf 

Sung, H. Y., Hwang, G. J., Chen, C. Y., & Liu, W. X. (2019). A contextual learning 
model for developing interactive e-books to improve students’ performances of learning 
the Analects of Confucius. Interactive Learning Environments, 0(0), 1–14. 
https://doi.org/10.1080/10494820.2019.1664595 

Sung, H. Y., Hwang, G. J., & Chen, S. F. (2018). Effects of embedding a problem-
posing-based learning guiding strategy into interactive e-books on students’ learning 
performance and higher order thinking tendency. Interactive Learning Environments, 
27(3), 389–401. https://doi.org/10.1080/10494820.2018.1474235 

Sutarto, S., Sari, D. P., & Fathurrochman, I. (2020). Teacher strategies in online 
learning to increase students’ interest in learning during COVID-19 pandemic. Jurnal 
Konseling Dan Pendidikan, 8(3), 129. https://doi.org/10.29210/147800 

Sutiani, A., Situmorang, M., & Silalahi, A. (2021). Implementation of an Inquiry 
Learning Model with Science Literacy to Improve Student Critical Thinking Skills. 
International Journal of Instruction, 14(2), 117–138. 
https://doi.org/10.29333/iji.2021.1428a 

Tang, X., Coffey, J. E., Elby, A., & Levin, D. M. (2010). The scientific method and 
scientific inquiry: Tensions in teaching and learning. Science Education, 94(1), 29–47. 
https://doi.org/10.1002/sce.20366 

Turner, R. C., Keiffer, E. A., & Salamo, G. J. (2018). Observing Inquiry-Based 
Learning Environments Using the Scholastic Inquiry Observation Instrument. 
International Journal of Science and Mathematics Education, 16(8), 1455–1478. 
https://doi.org/10.1007/s10763-017-9843-1 

van Laar, E., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2020). 
Determinants of 21st-Century Skills and 21st-Century Digital Skills for Workers: A 
Systematic Literature Review. SAGE Open, 10(1), 1–14. 
https://doi.org/10.1177/2158244019900176 



1016                           Networked-based Inquiry: An Effective Physics Learning in … 

 

International Journal of Instruction, April 2022 ● Vol.15, No.2 

Vivakaran, M. V., & Maraimalai, N. (2019). Networked Learning and Learning 
Analytics: A Study on the Employment of Facebook in a Virtual Training Program. 
Interactive Learning Environments, 27(2), 242–255. 
https://doi.org/10.1080/10494820.2018.1460381 

Wale, B. D., & Bishaw, K. S. (2020). Effects of using inquiry-based learning on EFL 
students’ critical thinking skills. Asian-Pacific Journal of Second and Foreign 
Language Education, 5(1). https://doi.org/10.1186/s40862-020-00090-2 

Wartono, W., Hudha, M. N., & Batlolona, J. R. (2018). How are the physics critical 
thinking skills of the students taught by using inquiry-discovery through empirical and 
theorethical overview? Eurasia Journal of Mathematics, Science and Technology 
Education, 14(2), 691–697. https://doi.org/10.12973/ejmste/80632 

Xing, W., Popov, V., Zhu, G., Horwitz, P., & McIntyre, C. (2019). The effects of 
transformative and non-transformative discourse on individual performance in 
collaborative-inquiry learning. Computers in Human Behavior, 98(June 2018), 267–
276. https://doi.org/10.1016/j.chb.2019.04.022 

Yang, J., & Zhao, X. (2021). The effect of creative thinking on academic performance: 
Mechanisms, heterogeneity, and implication. Thinking Skills and Creativity, 
40(February), 100831. https://doi.org/10.1016/j.tsc.2021.100831 

Yang, W. T., Lin, Y. R., She, H. C., & Huang, K. Y. (2015). The Effects of Prior-
knowledge and Online Learning Approaches on Students’ Inquiry and Argumentation 
Abilities. International Journal of Science Education, 37(10), 1564–1589. 
https://doi.org/10.1080/09500693.2015.1045957 

Zambrano, J., Kirschner, F., Sweller, J., & Kirschner, P. A. (2019). Effects of prior 
knowledge on collaborative and individual learning. Learning and Instruction, 63(1), 
101214. https://doi.org/10.1016/j.learninstruc.2019.05.011 

Zubaidah, S., Fuad, N. M., Mahanal, S., & Suarsini, E. (2017). Improving creative 
thinking skills of students through Differentiated Science Inquiry integrated with mind 
map. Journal of Turkish Science Education, 14(4), 77–91. 
https://doi.org/10.12973/tused.10214a 

 

 


