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Introduction 
 

Science learning in elementary schools is still dominated by the role of the teacher. In fact, 

science is a vehicle for students to learn about themselves and the environment through learning by 

doing (Chen, 2020; Harahap & Bukit, 2020; Shin & Shin, 2020). This method is pursued based on the 

prospect of learning science for further student development in applying it in everyday life. The 

concept of science learning should be carried out by scientific inquiry to grow the ability to think, 

work and behave scientifically and communicate it (Artayasa et al., 2018; Effendi-Hasibuan & 

Sulistiyo, 2019; Schellinger et al., 2017). Therefore, science learning in elementary schools emphasizes 

ABSTRACT 

This study aims to investigate the effect of the Project-based Learning (PjBL) learning 

model and class differences based on online learning settings (synchronous, 

asynchronous, and mixed) on the analytical abilities of the Discovery Learning (DL), 

Interactive Demonstration (ID), and Inquiry Lessons (IL) models after adjusting for IQ of 

pre-service elementary teachers (PETs). The sample was randomly selected as 36 PETs 

who took science teaching courses in elementary schools. Data collection techniques 

using tests with indicators of analytical ability at the level of inquiry model stage include 

DL, ID, and IL. Data analysis was carried out quantitatively using two-way multivariate 

analysis of covariance with one covariate. The results showed that the PjBL model and 

the online learning setting each affected students' analytical skills in DL, ID, and IL, but 

after the learning model interacted with differences in online learning settings the results 

did not affect the analytical test results on the DL, ID, and IL models. This finding 

indicates that in an online learning design, the selection of project-based learning models 

can be effective if the right online learning setting is used, namely a combination of 

synchronous and asynchronous.  
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providing direct learning experiences through the use and development of scientific process skills and 

attitudes. 

The problem that often arises in schools is that most teachers still do not understand how to 

teach science to students according to their characteristics. Learning models need to be chosen to 

facilitate elementary school students according to their development (Hadi & Saragih, 2020; Park et al., 

2017). Wenning (2011) has a suggestion on how discovery learning can be carried out following 

certain stages known as Levels of Inquiry (LoI). The LoI model systematically presents the stages of 

inquiry consisting of discovery learning, interactive demonstrations, inquiry lessons, inquiry labs, and 

hypothetical inquiry where the teacher will help students develop a broader scope. However, the 

stages of students in elementary schools are more suitable for the first three stages, namely discovery 

learning, interactive demonstrations, and inquiry lessons (Atmojo et al., 2017). 

Discovery Learning (DL), Interactive Demonstration (ID), Inquiry Lesson (IL) as learning 

sequence or level of inquiry to equip students to carry out the scientific investigation process (Novia & 

Riandi, 2017; Sudigdo & Setiawan, 2020; Wenning, 2005). Discovery Learning (DL) is oriented to 

building concepts and knowledge based on students' learning experiences. The learning experience is 

strengthening the relevance or understanding of a concept through questions to guide students to 

reach certain conclusions. The teacher also directs questions for learning discussion. Interactive 

Demonstration (ID) contains teacher activities manipulating the equipment and then asking inquiry 

questions. Questions lead to an attempt to predict what might happen and explain it. Teachers also 

help students reach conclusions based on evidence. The teacher models appropriate scientific 

procedures at the most basic level, thereby helping students learn implicitly about the inquiry process. 

Inquiry Lesson (IL) emphasizes the transition to a more complex form of scientific experiment. 

Teachers model fundamental intellectual processes and explain the basic understanding of scientific 

inquiry while students learn by observing, listening, and responding to questions. The teacher 

facilitates students to plan their own experiments, identify and control variables. The teacher still 

plays the role of providing guidance, facilitator, and raising questions through the mentoring process 

using question and answer (Wenning, 2005). 

Related studies to DL, ID, and IL as levels of inquiry (LoI) have been carried out in the form of 

theory and application. Some of them have combined LoI in various instructions, for example, 

conceptual models of inquiry-based social constructivism in chemistry learning (Perdana et al., 2019). 

The results of this study try to overcome the weaknesses of inquiry learning which emphasize the lack 

of social elements and collaborative learning so that elements of social constructivism need to be 

applied, including observation, peer reconstruction, peer manipulation, generalization, peer 

verification, and application. As for its application in online learning design, it has an impact on 

critical thinking skills in learning physics (Nafingah et al, 2020). The results of this study indicate the 

impact of using the model on the ability to basic clarification, basic support, inference, further 

clarification, as well as strategies and tactics as indicators of critical thinking skills. In another 

application, it has been proven that interactive demonstrations can stimulate higher-order thinking 

skills in science learning (Yulianti et al., 2018). Students' higher thinking ability is better when students 

think with interactive demonstrations than with ordinary discovery learning.  

Previous studies have shown several opportunities to modify the LoI in its implementation 

which can effectively improve science learning outcomes. Therefore, teachers and prospective teachers 

are expected to have a deep understanding through critical analysis at each stage of the LoI. In 

contrast to previous studies, the novelty of this study lies in investigating the impact of PjBL learning 

models and online learning settings on critical analysis skills of primary school teacher education 

students at the LoI stage, including DL, ID, and IL. In accordance with previous research reports that 

the mastery of Pre-Elementary School Teachers (PETs) at the LoI stage at the elementary level still 

needs to be improved (Atmojo et al., 2017; García-Carmona et al., 2020). In this regard, a PET needs to 

be prepared to meet the needs of professional science educators in order to fully and effectively 

understand the concept of science teaching. Universities are responsible for supporting the process of 
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improving the quality of science educators in elementary schools. One effective way is to apply 

appropriate and adequate learning in science learning in elementary schools to students. 

The development of technology is progressing rapidly to support online-based learning to 

promote effective learning and maximum learning outcomes (Asniza et al., 2021; Ankhi et al., 2019; 

Fajardo et al., 2019; Shatri, 2020). During the covid pandemic, almost all teaching processes have been 

carried out online learning (Adnan & Anwar, 2020; Bahasoan et al., 2020; Dong et al., 2020). Although 

this method is considered effective in reducing the spread of the COVID-19 virus, online learning has 

reported many problems, such as limited teaching facilities and media, differences in facilities and 

competencies of educators, limited internet access, and students who are not serious in participating 

in learning (Ezra et al., 2021; Hermanto, 2020). Thus, the solution that can be done is how to organize 

online teaching with the right models and techniques. 

The Primary School Teacher Education study program provides elementary science teaching 

courses to equip PETs with understanding science concepts and teaching them in elementary schools. 

Therefore, understanding science teaching, for example, the level of inquiry, becomes important for 

students to master. Problem-facing models such as project-based learning are seen as effective for 

improving the ability of prospective elementary school teachers in teaching science (Gezim & 

Xhomara, 2020; Novak & Wisdom, 2018; Suryandari et al., 2018). The PjBL gives students autonomy to 

learn, explore, and investigate the entire learning process and carry out projects independently, the 

instructor acts like a knowledge facilitator (Chiu, 2020). However, in the design of online learning, the 

implementation of the PjBL model has its own challenges, so it requires an appropriate method. 

Various online learning settings have also been implemented, such as synchronous learning, 

asynchronous learning, and some of them use mixed (Neumann et al., 2020). Each method has 

advantages and disadvantages, whereas its success also relies on other factors. For example, 

synchronous virtual learning environments have developed rapidly and have the potential to 

overcome social isolation in distance learning, as well as make it more interactive and personal 

(Racheva, 2018). Synchronous is considered effective for teaching but requires internet data so it is 

expensive. Meanwhile, asynchronous is more cost-effective but difficult to control, or a mixture of the 

two is considered more effective (Subekti, 2021). Teachers need to take into account the effectiveness 

of this according to the level of education taken. 

The problem in this study is dents in analyzing the stages of the LoI model on Discovery 

Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons (IL). It is necessary to investigate 

the effect of implementing the project-based learning models and class differences based on settings 

(synchronous, asynchronous, and mixed) on the analytical skills of the DL, ID, and IL. The 

investigation of the influence of the model and online learning setting was carried out after adjusting 

for IQ in primary school teacher candidates. Previous research has reported that the level of 

Intelligence Quotient (IQ) is related to the level of a person's ability and performance (Murtza et al., 

2020). Therefore, IQ is referred to as a concomitant variable which is thought to be a variable that 

cannot be controlled but greatly affects the observed response variable. The research problem is 

formulated through the following questions. 

(1) Is there statistically meaningful effect of the learning model on the analytical skills of DL, 

ID, and IL after adjusting for IQ in PETs? 

(2) Is there statistically meaningful effect of online learning settings on the analytical skills of 

DL, ID, and IL after adjusting for IQ in PETs? 

(3) Is there statistically meaningful interaction between learning models and online learning 

settings on analytical skills on DL, ID, and IL after adjusting for IQ in PETs?  
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Methods 

 

Research Design 

 
This study used an experimental post-test-only control group design. This design compares 

the experimental group and the control group selected at random. The experimental group of students 

in this study applied the Project-Based Learning (PjBL) model. The experimental group was divided 

into three treatment classes of online learning settings which were fully synchronous, fully 

asynchronous, and combined (synchronous and asynchronous). Each group of learning settings 

begins with the formulation of a problem to produce a science worksheet product for elementary 

students. Students in groups (3-4 students) make plans, integrate various supporting subjects, and 

provide tools and materials that can be used to complete projects. The next stage is compiling an 

activity schedule, monitoring the process of working on a worksheet writing project, and the lecturer 

assessing the worksheet products produced by students. At the end of the learning process, an 

evaluation is carried out on the aspects of the analysis ability of the Levels of Inquiry model which 

consists of Discovery Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons (IL).  

Meanwhile, in the control group, the students applied the Problem-based Learning model. 

This group is also divided into three groups of online learning settings, namely fully synchronous, 

fully asynchronous, and combined (synchronous and asynchronous). Initially, the lecturer explained 

the learning objectives, namely analyzing the Levels of Inquiry model consisting of DL, ID, and IL on 

a science worksheet for elementary school from the government. Students analyze the worksheet for 

analysis by reviewing the Levels of Inquiry model which consists of DL, ID, and IL. Students have 

searched information through the internet, written down the results of the analysis, and compiled 

reports. Through a virtual meeting with the zoom application, each group conveys the results of their 

work. At the end of the lesson, the lecturer measures the students' ability to analyze the Levels of 

Inquiry model consisting of DL, ID, and IL.  

 

Participants 
 

The sample of this study was prospective elementary school teachers who were randomly 

selected at one of the universities in the teaching training and education faculty in Central Java, 

Indonesia. The selection uses cluster random sampling where the selected sample is in the form of 

class groups. The experimental class consisted of 18 people and the control class consisted of 18 

people. All samples selected were students with a semester level who at the time of data collection 

were taking Science Teaching courses in Elementary Schools. This course focuses on equipping 

students to understand science concepts and teaching them in elementary school classes, including 

selecting appropriate learning strategies and models, implementing, and evaluating science learning. 

However, this study focuses on students' understanding of the levels of inquiry model as a stage that 

is considered appropriate for teaching science in schools. 

 

Data and Data Collection Techniques 
 

Students are grouped where the experimental class applies the Project Based Learning (PjBL) 

model while the control class does not use PjBL. The project implemented in the experimental class 

aims to produce a report on the analysis of science worksheets that have been used by teachers and 

students in elementary schools in the period 2018-2021. The experimental class starts with the essential 

question, design a plan for the project, create a schedule, monitor the students and the progress of the 

project, assess the outcome, and evaluate the experience (The George Lucas Educational Foundation, 

2005). As for the control class, learning takes place, as usual, presentation and discussion, then 

evaluation. The test was applied at the beginning and end of the treatment. The researcher measured 



Journal of Turkish Science Education 

612 

 

the pretest of the analytical skills of each group to find out that both groups were at the same level. At 

the end of the lesson, a skill test was conducted to analyze DL, ID, and IL in both groups. 

The level of Inquiry model on ID is characterized by the teacher introducing a demonstration 

that describes the mechanical process to be followed without explaining the final result of the 

experiment. Students predict what and why it will happen supported by explanations. The students 

engage in small group discussions, they share predictions and explanations to be able to self-correct 

based on predictions. The teacher performs a real demonstration with clearly visible results, then the 

students compare the results of the demonstration with the two sets of predictions. The teacher 

identifies each alternative conception that appears. The IL model encourages students to act like 

scientists in a more formal experimental setting where effort is now taken to define a system, and both 

control and manipulate a single independent variable to see its effect on a single dependent variable 

system (Wenning, 2010).  

The research data was obtained through the level of Inquiry model analysis test technique 

which was developed with reference to the appropriate first three-level indicators at the elementary 

school level, namely Discovery Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons 

(IL). The analytical skills assessment instrument on the DL, ID, and IL models in this study was 

developed based on primary pedagogical purpose at the level of inquiry (Wenning, 2010). To 

determine the analytical skills of the model, a review of the aspects of the model by Joyce et al. (2015) 

has been used. The description of the instrument is introduced in table 1. 

 

Table 1 

The Analytical Skills on the DL, ID, and IL 

Level of Inquiry Primary Pedagogical Purpose Domain 

Discovery Learning 

(DL) 

Students develop concepts on the basis of first-hand 

experiences (a focus on active engagement to 

construct knowledge). 

Analysis of model in action 

Analysis of social system 

Analysis of support system 

Analysis of principles of reaction 

Interactive 

Demonstration (ID) 

Students are engaged in explanation and prediction-

making that allows 

teacher to elicit, identify, confront, and resolve 

alternative conceptions (addressing prior 

knowledge). 

Analysis of model in action 

Analysis of social system 

Analysis of support system 

Analysis of principles of reaction 

Inquiry Lessons (IL) Students identify scientific principles and/or 

relationships (cooperative work used to construct 

more detailed knowledge). 

Analysis of model in action 

Analysis of social system 

Analysis of support system 

Analysis of principles of reaction 

 

The analytical instrument on each of the dependent variables has been validated through 

content validity by involving science learning experts and language experts. The reliability test was 

obtained through Cronbach's alpha test with an alpha value of 0.8 > 0.7 meaning sufficient reliability, 

so that it was concluded that all items were reliable and all items consistently had strong reliability. As 

for the student's IQ data as a concomitant variable in this study, it was obtained through data on IQ 

test results obtained by students when they first entered higher education. 

 

Data Analysis 
 

The data was collected in the form of quantitative data consisting of analysis test data of the 

Discovery Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons (IL) model, and IQ. 

Data were analyzed using Multivariate Analysis of Covariance (MANCOVA), namely covariance 

analysis in which at least two dependent variables were measured simultaneously to test whether 

there were differences in treatment of a group of dependent variables after adjusting for the effect of 
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concomitant variables (George & Mallery, 2018; Huberty & Petoskey, 2000). The technique used is a 

two-way MANCOVA with one covariate with procedures including (1) Assumption testing, including 

testing of multivariate normality, homogeneity of the covariance variance matrix, and (2) Hypothesis 

testing, to investigate the influence of the learning model, the effect of online learning settings, and the 

effect of interaction between learning models and online learning settings using Wilks' Lambda test 

statistics. The statistical test in this study used the help of the SPSS version 22 software for Windows 

with a significance value. If the Wilks' Lambda number is close to 0 then there tends to be a difference 

in the group. The decision of the hypothesis with a significance value is as follows. 

 

First Hypothesis: 

H0 = Significance > 0.05 (There is no difference in analytical skills between the PjBL 

model group and the control group) 

H1 = Significance < 0.05 (There is a difference in analytical skills between the PjBL model 

group and the control group) 

Second Hypothesis 

H0 = Sig. > 0.05 (There is no difference in analytical skills between groups of students 

with online learning settings in synchronous, asynchronous, and mixed) 

H1 = Sig. < 0.05 (There are differences in analytical skills between groups of students 

with online learning settings in synchronous, asynchronous, and mixed) 

Third Hypothesis 

H0 = Sig. > 0.05 (There is no interaction between the learning model and the online 

learning setting) 

H1 = Sig. <0.05 (There is an interaction between the learning model and the online 

learning setting) 

 

Findings 

  
Student analysis test data on Discovery Learning (DL), Interactive Demonstration (ID), and 

Inquiry Lessons (IL) were obtained after the experimental and control groups finished carrying out 

learning on topics or innovation materials for science learning in elementary schools. The data 

description of the analytical skills on DL, ID, and IL in this study is presented in Table 2. Test the 

assumptions on the two-way MANCOVA with one covariate performed on the findings of the test 

results. The normality test used was the Mahalanobis distance, the homogeneity test was carried out 

with the Box M test, and the balance test to determine the initial ability level of the two groups was 

carried out with a t-test on the results of the pretest of students' analytical skills display on Table 3. 

 

Table 2 

Data Descriptive 

Dependent Variable Group N Descriptive Statistic 

Analytical skills of DL 

Experiment 18 

Mean 84.78 

Min 77 

Max 93 

Std. Deviation 4.894 

Control 18 

Mean 74.89 

Min 67 

Max 82 

Std. Deviation 5.268 

Analytical skills of ID 

Experiment 18 

Mean 84.39 

Min 77 

Max 91 

Std. Deviation 4.692 

Control 18 
Mean 74.72 

Min 67 
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Max 82 

Std. Deviation 4.650 

Analytical skills of IL 

Experiment 18 

Mean 83.06 

Min 75 

Max 91 

Std. Deviation 5.274 

Control 18 

Mean 73.62 

Min 67 

Max 80 

Std. Deviation 4.327 

 

Table 3 

Assumptions Test 

No Test 
Test 

Techniques 
Results Decision Conclusion 

1 Normality Test 
Mahalanobis 

Distance 

 (robs = 0.980 > rtab= 

0,3246) 
H0 = accepted 

Data is normally distributed 

multivariate 

2 
Homogenity 

Test 
Box’s M 

pvalue = 0.844 > α = 

0.05 
H0 = accepted 

Data have the same variance 

covariance matrix 

3 
Balance Test of 

Initial Skills 

Independent 

Sample t-test 

Analytical skills of 

DL (Sig. = 0.661 > 

α = 0.05) 

H0 = accepted 
Experiment and control groups 

have equal initial abilities 

Analytical skills of 

ID (Sig. = 0.743 > α 

= 0.05) 

H0 = accepted 
Experiment and control groups 

have equal initial abilities 

Analytical skills of 

IL (Sig. = 0.547 > α 

= 0.05) 

H0 = accepted 
Experiment and control groups 

have equal initial abilities 

 

A multivariate normality test was carried out by making a scatter plot between the distance of 

Mahalanobis and Chi-Square. The correlation coefficient obtained by robserve = 0.980 > rtab = 0.3246 

indicates a very high correlation coefficient. In the scatter plot, this means that the data comes from a 

multivariate normally distributed sample. As for the SPSS output in the Box's M test table, the p-value 

is 0.844 > α = 0.05, then H0 is accepted. That is, the three dependent variables (analytical test scores in 

DL, ID, and IL) have the same covariance variance matrix in the existing groups (learning models and 

online learning settings). Based on the analysis output from SPSS on the MANCOVA test on the 

learning model and online learning settings for DL, ID, and IL adjusted for the IQ scores of students, it 

is presented in Table 4. 

 

Table 4 

MANCOVA on Teaching Model and Online Learning Setting to Analytical Skills of Discovery Learning, 

Interactive Demonstrations, and Inquiry Lessons on the Primary School Pre-Service Teachers 

Effect 
Test 

Techniques 
Sig. Decision Conclusion 

PjBL Model 
Wilks's 

Lambda 

pvalue = 0.000 < 

α = 0.05 
H0 = rejected 

There is an effect of the PjBL Model on 

analytical skills of DL, ID, and IL after 

adjusting for IQ scores 

Online Learning 

Setting 

Wilks's 

Lambda 

pvalue = 0.000 < 

α = 0.05 
H0 = rejected 

There is an effect of Online Learning 

Settings on analytical skills on DL, ID, 

and IL after adjusting for IQ scores 

Teaching Model* 

Online Learning 

Setting 

Wilks's 

Lambda 

pvalue = 0.188 > 

α = 0.05 
H0 = accepted 

There is no effect of Teaching and Online 

Learning Settings on analytical skills on 

DL, ID, and IL after adjusting for IQ 

scores 
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Table 3 presents the results of the MANCOVA analysis which is known to have several test 

results in order to answer the proposed research hypothesis. In the learning model which is used in 

this study as the experimental class model is PjBL, the score pvalue = 0.000 < α = 0.05, then H0 is rejected. 

Thus, it means that there is an effect of the project-based learning model on the analytical skills of the 

Discovery Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons (IL) models after 

adjusting for the IQ of prospective elementary school teachers. On the effect of online learning 

settings, p-value = 0.000 < α = 0.05, then H0 is rejected, thus meaning that there is an effect of class 

differences based on settings (synchronous, asynchronous, and mixed) on the analytical skills of the 

Discovery Learning (DL) model, Interactive Demonstration (ID), and Inquiry Lessons (IL) after 

adjusting for IQ in primary school teacher candidates. 

Meanwhile, the interaction effect of project-based learning models and class differences based 

on the setting (synchronous, asynchronous, and mixed) shows p-value = 0.188 > α = 0.05 then H0 is 

accepted, meaning that there is no effect on the analytical skills of the Discovery Learning model (DL), 

Interactive Demonstration (ID), and Inquiry Lessons (IL) after adjusting for IQ in primary school 

teacher candidates. 

 

Discussion 

 
Paying attention to the analysis findings, the test results show that for learning models and 

class differences based on online learning settings (synchronous, asynchronous, and mixed), each 

influences the analysis ability of the Discovery Learning (DL), Interactive Demonstrations (ID), and 

Inquiry Lessons (IL) models after adjusting for IQ in primary school teacher candidates. The 

discussion in this study focuses on the variables that affect the dependent variable. 

The Effect of Project-based Learning Model on Analytical Skills of Discovery Learning, 

Interactive Demonstrations, and Inquiry Lessons on the Pre-Service Elementary Teachers 
 

Paying attention to the analysis findings, the test results show that there is an effect of the 

PjBL learning model on the analytical skills of the Discovery Learning (DL), Interactive Demonstration 

(ID), and Inquiry Lessons (IL) models after adjusting for the IQ of prospective elementary school 

teachers. The implementation of the PjBL model adapted to the online learning design emphasizes the 

principle that teachers can actually take on the role of facilitator, not dominate learning. The PjBL 

model provides opportunities for students to start in selecting and planning their projects, developing 

instruments, implementing plans, and evaluating the achievements of the implemented projects. In 

this way, similar to constructivism learning theory, the project development process allows students 

to construct their own knowledge through exploration and provides opportunities to learn about the 

subjects they are studying (Baran et al., 2021; Chiu, 2020; Tseng et al., 2013). 

The PjBL model has been widely applied in science learning. In this study, students were 

given the opportunity to carry out projects by making observations at partner universities' schools. 

Dealing with school principals and classroom teachers, the students then analyzed the problems that 

existed in science learning in relation to the availability of teaching materials and online learning 

strategies during the pandemic at the elementary school level. The findings of the analysis of the 

preliminary study on the project of each group of students play a role in determining project planning 

designed to address the problem of learning science in elementary schools. With this, science learning 

in elementary schools cannot be separated from the inquiry stage as the variables observed in this 

study include the Discovery Learning (DL), Interactive Demonstration (ID), and Inquiry Lessons (IL) 

models as the stages of inquiry (Yanto et al., 2019; Yulianti et al., 2018). 

Some of the student projects include the development of digital teaching materials, digital 

media, and digital worksheets that really support science learning in elementary schools with a level 

of inquiry perspective. For example, Figure 1 presents the display of digital teaching materials as a 
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product of PjBL results from one of the students on material about the adaptation of plants to the 

environment. Teaching materials are made with the help of the Lectora Inspire application. 

 

Figure 1 

Digital Learning Media with Lectora Inspire App (PjBL Products) 

 

   
Request student name and password Frontpage Competency and indicator 

   

  
Illustration using video and 

animation 

Evaluative thinking exercise 

 

The product of the plant adaptation learning digital teaching materials initially asked students 

to write down their names and passwords which could be obtained by asking the teacher as a creator. 

The front page displays a variety of menu options such as competencies to be achieved, illustrated 

materials through videos and animations, practice thinking evaluation questions, and tests. The 

characteristics of elementary school students who require instructional facilities and complete media 

make students develop their projects by taking into account the principles of the LoI stage. The 

student who makes the product then explains the results of the analysis of his own product by 

referring to the LoI stage, such as the product above according to the DL Model. Students explain the 

theory that supports, the stages of learning, the social system built using the product. This refers to 

what students do and which learning objectives are targeted with the products that students have 

made.  

The research findings show students explaining how students in elementary school use 

inductive reasoning to build relationships or simple principles based on teacher-guided observations. 

In the ability to analyze the ID stage, students demonstrate, develop and ask probing questions, 

generate responses, ask for further explanations, and other students act as students to reach 

conclusions based on evidence. Presenters in the presentation of their project results then model 

appropriate scientific procedures at the most basic level, so it is hoped that students can learn 

implicitly about the investigation process and communicate it (Anazifa & Djukri, 2018; Saldo & Walag, 

2020). 

The role of the PjBL model in developing the ability of prospective elementary school teachers 

in analyzing the IL phase of the LoI model is demonstrated through the identification of IL principles 

in the products developed in their projects. The development of digital teaching materials that they 

have developed through PjBL is equipped with sufficient explanations of how in terms of features and 

usage, the developed media products facilitate simple experimental practices with complete detailed 

instructions according to the stage of development of students in elementary schools. This method is 

in accordance with the LoI stage in IL which emphasizes subtly shifting to more complex forms of 

scientific experiments (Mulyeni et al., 2019; Vorholzer, A., & von Aufschnaiter, 2019). The product 
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facility developed in the student project is equipped with a guide and a column for uploading 

questions from users so that it is facilitated to plan experiments, identify, and begin to control 

variables. Thus, the implementation of PjBL in online learning design can be made possible in online 

learning design at the elementary school teacher education level. 

 

The Effect of Online Learning Settings on Analytical Skills of Discovery Learning, 

Interactive Demonstrations, and Inquiry Lessons on Pre-Service Elementary Teachers 
 

Science learning which is carried out online in the elementary school teacher education 

program is carried out with various methods which are then in this study called online learning 

settings. In general, there are three choices in online learning settings, consisting of synchronous, 

asynchronous, and mixed with various advantages and disadvantages (Lin & Gao, 2020). The findings 

that have been presented previously show that there is a significant effect of online learning settings 

(synchronous, asynchronous, and mixed) on the ability to analyze models of Discovery Learning (DL), 

Interactive Demonstration (ID), and Inquiry Lessons (IL) after adjusting for IQ in candidates. primary 

school teachers. 

In online classes held asynchronously, it was found to be no more effective than synchronous 

or mixed. Implementation in the synchronous setting of educators uses online learning media such as 

the Spada page. In this system, educators have arranged from the beginning the number of meeting 

sessions and what activities and materials are studied by students independently. This method can be 

carried out by taking into account the abilities of students and allowing students to be more satisfied 

with the independent learning environment. The instructions given by the teacher in asynchronous 

meeting sessions did not motivate students to study seriously. The PjBL and PBL models do not differ 

significantly in providing motivation and learning outcomes as well as students' critical thinking skills 

(Koszalka et al., 2021). There was minimal asynchrony in the supervision process and some students 

were found to be inactive, both in discussion sessions and in collaboration on projects. Asynchronous 

shows no better results than synchronous and mixed. 

The setting in the synchronous class is done where the teacher can interact in real-time with 

students. Synchronous learning is the closest way we can get to feeling alive in an electronic 

environment to keep students engaged (Khan et al., 2021). The application of problem-solving 

learning in a synchronous environment is considered effective, supports cooperation, and better 

results (Erickson et al., 2020; Shukri et al., 2020). However, this method found problems where the 

condition of students who were in a geographical area that did not support the availability of internet 

access experienced obstacles in project coordination and implementation. The way to anticipate this 

weakness is done by the cohesiveness of the project group in managing member collaboration. 

Another finding on synchronous learning is that it is less efficient in cost. The high internet data quota 

has made some students found to be inactive in participating in virtual face-to-face meetings. 

In mixed settings, teachers continue to use online learning systems such as smart pages to 

carry out learning. The teacher has planned the number of sessions and virtual face-to-face rules for 

certain sessions. Several sessions were used in five virtual face-to-face sessions which were divided 

into the early stages of project planning, development of the required project instruments, monitoring 

and evaluation of project progress, and final project presentations. This method is considered the most 

effective in controlling student learning progress compared to asynchronous or synchronous only. In 

addition, the application of mixed online learning settings also shows other advantages such as saving 

internet access costs for students. Mixed synchronous environments offer learners benefits in terms of 

flexibility, but there are technological and pedagogical challenges in implementing this approach 

(Zydney et al., 2020). This challenge is in the form of educators' readiness in managing to teach and 

learning media readiness, both devices and internet access from educators and students. 

This research provides a new perspective on how project-based learning models during a 

pandemic can be implemented by choosing the right online learning setting. The research findings are 

different from previous studies which only compared models that did not use the online learning 
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setting factor variable (Putra et al., 2021; Samsudin et al., 2020; Setyarini et al., 2020; Wu & Wu, 2020). 

In addition, the observed variables considering that previous studies have focused on the application 

of LoI in learning (Heleri et al., 2019; Hidayati et al., 2021; Nafingah et al., 2020), however, in this 

article, we specifically investigate students' ability to understand and analyze the stages of LoI (DL, 

ID, IL). The findings of this study can be considered by instructors in primary school teacher 

education programs to organize online learning in their science classes. 

 

Conclusion and Implications 

 
This study provides a view of how the implementation of innovative learning cannot 

necessarily be implemented in different conditions, such as between face-to-face and online learning. 

The case of project-based learning in online learning design requires strategies through online 

learning setting methods such as choosing when to be synchronous, asynchronous, or mixing the two 

as deemed appropriate. Based on the findings of this study, it can be concluded that for learning 

models and class differences based on online learning settings (synchronous, asynchronous, and 

mixed), each has an influence on the analysis ability of the Discovery Learning (DL), Interactive 

Demonstration (ID) and Inquiry Lessons models. (IL) after adjusting for IQ in primary school teacher 

candidates. But after the learning method has interacted with class differences, the results do not affect 

the test scores or can be said to have the same average for each group. 

This study uses a relatively small sample so that future research is expected to involve more 

samples in similar studies in order to obtain a more representative picture of conclusions to be 

generalized. This study also recommends teachers and lecturers in universities to pay attention to 

mastery at the level of inquiry, especially at the levels of Discovery Learning (DI), Interactive 

Demonstration (ID), and Inquiry Lessons (IL) which are in accordance with the characteristics and 

development of students at the level of primary school. The development of instruction in elementary 

school science learning is expected to be more precise and impactful. Project-based learning provides 

access for students to be able to deepen their knowledge of the LoI stages so as to assist them in 

analyzing these stages. 

 

References 

 
Adnan, M., & Anwar, K. (2020). Online learning amid the COVID-19 pandemic: Students' 

perspectives. Online Submission, 2(1), 45-51. 

Anazifa, R. D., & Djukri, D. (2017). Project-based learning and problem-based learning: Are they 

effective to improve student's thinking skills?. Jurnal Pendidikan IPA Indonesia, 6(2), 346-355. 

Ankhi, P., Andery, L. I. M., Salleh, S. M., & Shahrill, M. (2019). Enhanced learning through analogy in 

the teaching of cardiovascular system. Journal of Turkish Science Education, 16(2), 176-186. 

Artayasa, I. P., Susilo, H., Lestari, U., & Indriwati, S. E. (2018). the effect of three levels of inquiry on 

the improvement of science concept understanding of elementary school teacher candidates. 

International Journal of Instruction, 11(2), 235-248. 

Asniza, I. N., Zuraidah, M. O. S., Baharuddin, A. R. M., Zuhair, Z. M., & Nooraida, Y. (2021). Online 

game-based learning using Kahoot! to enhance pre-university students' active learning: A 

students' perception in biology classroom. Journal of Turkish Science Education, 18(1), 145-160. 

Atmojo, I. R. W., Sajidan, S., Sunarno, W., & Ashadi, A. (2017). Profil kemampuan menganalisis model 

pembelajaran level of inquiry untuk membelajarkan materi ipa berbasis hots pada calon guru 

sekolah dasar [Profile of the ability to analyze the level of inquiry learning model to teach hots-

based science material to prospective elementary school teachers]. In Prosiding SNPS (Seminar 

Nasional Pendidikan Sains) (pp. 162-166). 

Bahasoan, A. N., Ayuandiani, W., Mukhram, M., & Rahmat, A. (2020). Effectiveness of online learning 

in pandemic COVID-19. International journal of science, technology & management, 1(2), 100-106. 



Syawaludin, Prasetyo, Jabar & Retnawati, 2022 

 

619 

  

Baran, M., Baran, M., Karakoyun, F., & Maskan, A. (2021). The influence of project-based STEM (PjbL-

STEM) applications on the development of 21st century skills. Journal of Turkish Science 

Education, 18(4), 798-815. 

Chen, J. C. (2020). Developing a cycle-mode POED model and using scientific inquiry for a practice 

activity to improve students’ learning motivation, learning performance, and hands-on ability. 

Interactive Learning Environments, 1-13. 

Chiu, C. F. (2020). Facilitating k-12 teachers in creating apps by visual programming and project-based 

learning. International Journal of Emerging Technologies in Learning (iJET), 15(1), 103-118. 

Dong, C., Cao, S., & Li, H. (2020). Young children’s online learning during COVID-19 pandemic: 

Chinese parents’ beliefs and attitudes. Children and youth services review, 118, 105440. 

Effendi-Hasibuan, M. H., & Sulistiyo, U. (2019). Inquiry-based learning in Indonesia: Portraying 

supports, situational beliefs, and chemistry teachers’ adoptions. Journal of Turkish Science 

Education, 16(4), 538-553. 

Erickson, S., Neilson, C., O’Halloran, R., Bruce, C., & McLaughlin, E. (2021). ‘I was quite surprised it 

worked so well’: Student and facilitator perspectives of synchronous online problem based 

learning. Innovations in Education and Teaching International, 58(3), 316-327. 

Ezra, O., Cohen, A., Bronshtein, A., Gabbay, H., & Baruth, O. (2021). Equity factors during the COVID-

19 pandemic: Difficulties in emergency remote teaching (ert) through online learning. 

Education and Information Technologies, 26(6), 7657-7681. 

Fajardo, M. T. M., Bacarrissas, P. G., & Castro, H. G. (2019). The effects of interactive science notebook 

on student teachers' achievement, study habits, test anxiety, and attitudes towards physics. 

Journal of Turkish Science Education, 16(1), 62-76. 

García-Carmona, A., Criado, A. M., & Cruz-Guzm{n, M. (2017). Primary pre-service teachers’ skills in 

planning a guided scientific inquiry. Research in Science Education, 47(5), 989-1010. 

George, D., & Mallery, P. (2018). General linear models: MANOVA and MANCOVA. In IBM SPSS 

Statistics 25 Step by Step. Routledge  

Gezim, B. A. R. A., & Xhomara, N. (2020). The effect of student-centered teaching and problem-based 

learning on academic achievement in science. Journal of Turkish Science Education, 17(2), 180-199. 

Hadi, W., & Saragi, D. (2020). Development of visual media characteristic of batak culture ‚Dalihan 

Na Tolu‛ for students in 6th grade elementary school. Britain International of Humanities and 

Social Sciences (BIoHS) Journal, 2(3), 757-764. 

Harahap, M. B., & Bukit, N. (2020). Integrated science learning development of model inquiry training 

based on comics. In Journal of Physics: Conference Series (Vol. 1428, No. 1, p. 012045). IOP 

Publishing. 

Heleri, H., Situmorang, R. P., & Dewi, L. (2019). The development of free inquiry lab-based students’ 

worksheet to increase the dimension in science literacy process. JPI (Jurnal Pendidikan 

Indonesia), 8(2), 188-197. 

Hermanto, H. (2020). Teachers’ attitude towards online learning during Covid-19 pandemic in 

Indonesia. Indonesian Journal of Development Studies, 1(1), 1-7. 

Hidayati, S. N., Sunyono, S., & Sabdaningtyas, L. (2021). Inquiry-based E-LKPD in effort to improve 

the fourth grade students’ learning outcome. International Journal of Educational Studies in Social 

Sciences (IJESSS), 1(3), 129-132. 

Huberty, C. J., & Petoskey, M. D. (2000). Multivariate analysis of variance and covariance. In Handbook 

of applied multivariate statistics and mathematical modeling. Academic Press.  

Khan, R. A., Atta, K., Sajjad, M., & Jawaid, M. (2021). Twelve tips to enhance student engagement in 

synchronous online teaching and learning. Medical Teacher, 1-6. 

Joyce, B., Weil, N., & Calhoun, E. (2015). Models of teaching (9th ed.). Pearson Educational. 

Koszalka, T. A., Pavlov, Y., & Wu, Y. (2021). The informed use of pre-work activities in collaborative 

asynchronous online discussions: The exploration of idea exchange, content focus, and deep 

learning. Computers & Education, 161, 104067. 



Journal of Turkish Science Education 

620 

 

Lin, X., & Gao, L. (2020). Students' sense of community and perspectives of taking synchronous and 

asynchronous online courses. Asian Journal of Distance Education, 15(1), 169-179. 

Mulyeni, T., Jamaris, M., & Supriyati, Y. (2019). Improving basic science process skills through 

inquiry-based approach in learning science for early elementary students. Journal of Turkish 

Science Education, 16(2), 187-201. 

Murtza, M. H., Gill, S. A., Aslam, H. D., & Noor, A. (2020). Intelligence quotient, job satisfaction, and 

job performance: The moderating role of personality type. Journal of Public Affairs, e2318. 

Nafingah, S., Rokhimawan, M. A., Mustadi, A., & Wangid, M. N. (2020). Levels of inquiry-interactive 

demonstration: Its effect on students' critical thinking ability in online learning with the topic 

of waves and sounds. Jurnal Penelitian & Pengembangan Pendidikan Fisika, 6(2), 255-266. 

Neumann, K. L., Alvarado-Albertorio, F., & Ramírez-Salgado, A. (2020). Online approaches for 

implementing a digital escape room with preservice teachers. Journal of Technology and Teacher 

Education, 28(2), 415-424. 

Novak, E., & Wisdom, S. (2018). Effects of 3D printing project-based learning on preservice elementary 

teachers’ science attitudes, science content knowledge, and anxiety about teaching science. 

Journal of Science Education and Technology, 27(5), 412-432. 

Novia, N., & Riandi, R. (2017). The analysis of students scientific reasoning ability in solving the 

modified Lawson Classroom Test of scientific reasoning (MLCTSR) problems by applying the 

levels of inquiry. Jurnal Pendidikan IPA Indonesia, 6(1), 116-122. 

Park, S., Stone, S. I., & Holloway, S. D. (2017). School-based parental involvement as a predictor of 

achievement and school learning environment: An elementary school-level analysis. Children 

and Youth Services Review, 82, 195-206. 

Perdana, R., Budiyono, Sajidan, Sukarmin, & Atmojo, I. R. W. (2019, March). A conceptual of teaching 

models inquiry-based social constructivism (IbSC). In IOP Conference Series: Earth and 

Environmental Science (Vol. 243, No. 1, p. 012110). IOP Publishing. 

Putra, A. K., Sumarni, Deffinika, I., & Islam, M. N. (2021). The effect of blended project-based learning 

with stem approach to spatial thinking ability and geographic skill. International Journal of 

Instruction, 14(3), 685-704. 

Racheva, V. (2018, December). Social aspects of synchronous virtual learning environments. In AIP 

Conference Proceedings (Vol. 2048, No. 1, p. 020032). AIP Publishing. 

Saldo, I. J. P., & Walag, A. M. P. (2020). Utilizing Problem-Based and Project-Based Learning in 

Developing Students’ Communication and Collaboration Skills in Physics. American Journal of 

Educational Research, 8(5), 232-237. 

Samsudin, M. A., Jamali, S. M., Md Zain, A. N., & Ale Ebrahim, N. (2020). The effect of STEM project 

based learning on self-efficacy among high-school physics students. Journal of Turkish Science 

Education, 16(1), 94-108. 

Schellinger, J., Mendenhall, A., Alemanne, N. D., Southerland, S. A., Sampson, V., Douglas, I., ... & 

Marty, P. F. (2017). ‚Doing Science‛ in elementary school: using digital technology to foster the 

development of elementary students’ understandings of scientific inquiry. Eurasia Journal of 

Mathematics, Science and Technology Education, 13(8), 4635-4649. 

Setyarini, T., Mustaji, M., & Jannah, M. (2020). The effect of project-based learning assisted pangtus on 

creative thinking ability in higher education. International Journal of Emerging Technologies in 

Learning (iJET), 15(11), 245-251. 

Shatri, Z. G. (2020). Advantages and disadvantages of using information technology in learning 

process of students. Journal of Turkish Science Education, 17(3), 420-428. 

Shin, W. S., & Shin, D. H. (2020). A study on the application of artificial intelligence in elementary 

science education. Journal of Korean Elementary Science Education, 39(1), 117-132. 

Shukri, A., Nordin, L., Salleh, F. I. M., Raidzwan, S. N. M., & Ahmad, R. (2020). UniKL students’ 

perception on synchronous learning using ICT as learning tools to learn English. Journal of 

Critical Reviews, 7(8), 793-796. 



Syawaludin, Prasetyo, Jabar & Retnawati, 2022 

 

621 

  

Subekti, A. S. (2021). Covid-19-triggered online learning implementation: Pre-service English teachers’ 

beliefs. Metathesis: Journal of English Language, Literature, and Teaching, 4(3), 232-248. 

Sudigdo, A., & Setiawan, B. (2020). Level of inquiry in senior high school Central Java, Indonesia. 

Journal of Xi’an University of Architecture & Technology, 12, 2838-845. 

Suryandari, K. C., Sajidan, S., Rahardjo, S. B., Prasetyo, Z. K., & Fatimah, S. (2018). Project-based 

science learning and pre-service teachers’science literacy skill and creative thinking. Jurnal 

Cakrawala Pendidikan, 37(3). 

The George Lucas Educational Foundation. (2005). Instructional module project based learning. Edutopia 

Modules. 

Tseng, K. H., Chang, C. C., Lou, S. J., & Chen, W. P. (2013). Attitudes towards science, technology, 

engineering and mathematics (STEM) in a project-based learning (PjBL) environment. 

International Journal of Technology and Design Education, 23(1), 87-102. 

Vorholzer, A., & von Aufschnaiter, C. (2019). Guidance in inquiry-based instruction–an attempt to 

disentangle a manifold construct. International Journal of Science Education, 41(11), 1562-1577. 

Wenning, C. J. (2005). Levels of inquiry: Hierarchies of pedagogical practices and inquiry processes. 

Journal of Physics Teacher Education Online, 2(3), 3-11. 

Wenning, C. J. (2010). Levels of inquiry: Using inquiry spectrum learning sequences to teach science. 

Journal of Physics Teacher Education Online, 5(4), 11-19. 

Wenning, C. J. (2011). The levels of inquiry model of science teaching. Journal of Physics Teacher 

Education Online, 6(2), 9-16. 

Wu, T. T., & Wu, Y. T. (2020). Applying project-based learning and SCAMPER teaching strategies in 

engineering education to explore the influence of creativity on cognition, personal motivation, 

and personality traits. Thinking Skills and Creativity, 35, 100631. 

Yanto, B. E., Subali, B., & Suyanto, S. (2019). Improving Students' Scientific Reasoning Skills through 

the Three Levels of Inquiry. International Journal of Instruction, 12(4), 689-704. 

Yulianti, E., Al Husna, I. Y., & Susilowati, S. (2018). The Role of Inquiry-Based Interactive 

Demonstration Learning Model on VIII Grade Students’ Higher Order Thinking Skill. Journal of 

Science Education Research, 2(1), 35-38. 

Zydney, J. M., Warner, Z., & Angelone, L. (2020). Learning through experience: Using design based 

research to redesign protocols for blended synchronous learning environments. Computers & 

Education, 143, 103678. 


