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ABSTRACT 
Previous studies have tried to improve students' independence in online 
mathematics learning. However, the Flipped Learning model integrated 
with GeoGebra is scarce as none of the existing syntaxes accommodate the 
model. As the existing syntax is based on three phases: pre-class activity, 
in-class activity, and post-class activity. This research aims to develop 
GeoGebra-based Flipped Learning syntax to increase students' 
independence in learning mathematics. The main difference between the 
existing syntax and the developed one is the integration of GeoGebra in the 
pre-class activity. The integration is based on previous studies showing 
that using GeoGebra can improve student’s learning achievements. It 
research employed the Design-Based Research (DBR) model involving 125 
second-year undergraduate students of a private university in Indonesia. 
The syntax results were obtained from the study, indicating an increase in 
the average value of student independence in learning mathematics based 
on learning independence, confidence, level of discipline, sense of 
responsibility, level of initiative, and self-control. This developed syntax is 
expected to help teachers streamline online mathematics learning. 

 
INTRODUCTION 

The Covid-19 pandemic has significantly affected various sectors, such as the economic, 
defense, social, cultural, and education sector (Chick, 2020; K et al., 2020; Magomedov et al., 2020; 
Somthane et al., 2020; Wan Ahmad et al., 2019). The education sector is drastically affected by the 
sectors (Worldometer, 2020). Many countries have to adapt to the impact of the pandemic, not to 
mention Indonesia (Purwanto et al., 2020). In order to respond to the outbreak of Covid-19, the 
Indonesian Ministry of Education and Culture issued an emergency policy that recommends that 
learning be shifted from face-to-face to online mode (MoE, 2020). The policy has been taken seriously 
by various educational institutions in Indonesia. At the college level, research has been done to 
investigate how the learning process can run effectively and efficiently during online learning 
(Purwanto et al., 2020). Previous studies have shown that the blended learning approach during the 
Covid-19 pandemic is the most appropriate approach (Rahiem, 2020; Slamet et al., 2021; Yustina et 
al., 2020). 

Theoretically, blended learning is an approach that combines online educational materials and 
opportunities for interaction online with traditional place-based classroom methods (Banditvilai, 
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2016). Based on the definition, the blended learning approach is considered an alternative solution 
to streamlining learning by reducing physical encounters (Atmojo et al., 2020; Ilmi et al., 2020; 
Kusumaningrum et al., 2020). One of the blended learning approaches used during the pandemic is 
the flipped learning model (Latorre-Cosculluela et al., 2021; Nerantzi, 2020).  

Flipped learning 
Flipped learning is a model in which direct instruction moves from the group learning space to 

the individual learning space, and the resulting group space is transformed into a dynamic, 
interactive learning environment where the educator guides students as they apply concepts and 
engage creatively in the subject matter (Bergmann & Sams, 2012). As shown by a systematic review 
article done by O’Flaherty et al. (2015), the application of Flipped Learning can improve students’ 
learning experience by creating more dynamic interactions. In addition, the application of this model 
can also improve students' learning achievement (Rotellar & Cain, 2016; Sharma et al., 2015; Sutama 
et al., 2020). Briefly, the Flipped Learning model is done through three stages: before-class activity, 
in-class activity, and after-class activity (Flipped Learning Network (FLN), 2014) (see Figure 1. for 
the design). Previous studies that examined the application of Flipped Learning model found that the 
basis of Flipped Learning application is the use of learning videos in the before-class activity stage, 
where students are asked to see and summarize the information they get from the video (Davies, 
2013; Hwang et al., 2015; Lin et al., 2019). Based on those previous studies, the authors consider that 
the students are not actively involved in concept construction. However, the active involvement of 
students in constructing their knowledge can make the learning process more meaningful (Agra et 
al., 2019). Therefore, what needs to be improved from the Flipped Learning model is how to involve 
students' activeness by improving their learning independence. 

Independent learning 
Independent learning is a condition where students are responsible for their learning because 

all learning can, in any case, only be carried out by the students themselves and because they need to 
develop the ability to continue learning after their formal education ends (Littlewood, 1999; Tanti et 
al., 2020). Hubbard states that good independent learners will finish all their homework, actively 
participate in classroom activities, regularly seek advice from teachers, and frequently visit Self-
Access Centers or libraries (Hubbard, 1994). The aforementioned definitions can shed light on the 
term independent learning. A person with high learning independence tends to be confident in 
managing his learning (Firdausy et al., 2019; Sakai et al., 2010; Usuki, 2000). Little states that 
independent learning is not an attempt to alienate students from their learning environment or self-
study, but independent learning is "an ability to take charge of one's learning" (Little, 1996). In 
addition, Little (1996) also states that independent learners can possess the ability to make decisions 
concerning all aspects of learning, namely (1) determining the objectives, (2) defining the contents 
and progressions, (3) selecting techniques and methods to be used, (4) monitoring the used 
procedures, and (5) evaluating what has been acquired. From the five parameters, it can be seen that 
a lack of learning independence will be an obstacle for students to acquire knowledge, mainly if the 
subject studied have abstract objects such as mathematics. 

Why GeoGebra? 
Mathematics taught at the university level has a very high level of abstraction, such as plane 

geometry analytics, advanced calculus, statistics, abstract algebra, real analysis, numerical method, 
and many more (Sierpinska et al., 2008). The topics are challenging enough to be studied online, 
especially if they are learned using the Flipped Learning model that does not actively involve students 
in independently acquiring their knowledge. Then, the learning process will be more challenging. 
Considering the importance of mathematical mastery and the Covid-19 pandemic that forces learning 
to be implemented in a blended mode, a media that can be integrated into the Flipped Learning model 
is needed to increase students' independence in learning mathematics. One of the media that can be 
integrated is GeoGebra. 

GeoGebra is a dynamic software that combines the concepts of geometry, algebra, and calculus 
in its optimization and can help visualize abstract mathematical objects (Fatahillah et al., 2020; 
Ishartono et al., 2016; Judith & Markus, 2008). Furthermore, this software is user-friendly. So, it does 
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not require particular computer expertise (Hohenwarter et al., 2009; Klemer & Rapoport, 2020). 
Previous studies show that implementing GeoGebra can increase students' analytical ability and 
activeness in learning mathematics (Hermuttaqien et al., 2019; Kholid et al., 2022; Kllogjeri, 2010; 
Kristanto et al., 2016a; Septian et al., 2019; Yamin et al., 2020).  

GeoGebra-based flipped Learning 
 As previously explained, online mathematics learning—one of the impacts of the Covid-19 
pandemic—is challenging for students due to limited interaction with teachers and access to existing 
mathematics props. Therefore, students' independence in learning mathematics online is one of the 
crucial things that must be improved. The learning independence in question is with all the 
limitations that exist, students can construct their knowledge independently based on learning 
resources/media provided by the teacher. In the flipped learning model scheme, one of the crucial 
phases that are the basis for implementing this model is the pre-class activity phase. As previously 
explained, this phase gives students the flexibility to prepare themselves before in-class activities. 
The form of preparing is to independently construct their understanding through the learning media 
that the teacher has given. Therefore, this phase can be optimized by integrating with mathematics 
learning media that can increase student activity in using their analytical abilities to construct their 
mathematical experience independently. In these conditions, the GeoGebra application acts as an 
escalator of the independence of students constructing their mathematical understanding 
independently.  
 Some of the characteristics of GeoGebra that are suitable to be integrated in the flipped learning 
model in the implementation of online mathematics learning are the interfaces that make it easier 
for students to manipulate objects displayed in the GeoGebra-based learning media. Features such 
as lines, points, fields, and other mathematical objects can help students manipulate the displayed 
mathematical objects. In addition, the completeness of tools in GeoGebra also makes it easier for 
teachers to design visualizations of the mathematical topics being taught. Next, another feature that 
GeoGebra has is that this application is also available as a website. Therefore, the level of accessibility 
of this device is high, making it easier for students to be accessed anywhere. The exciting thing about 
the GeoGebra website is that this website can also act as a learning management system (LMS) where 
all GeoGebra-based learning media can be arranged in a series of learning activities.  
 The strengthening of the role of GeoGebra in the syntax of flipped learning is not only as a 
learning medium, but as an investigative median of a concept. Therefore, the integration of GeoGebra 

 

Figure 1. Syntax of flipped learning 
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in this study does not stand alone, but is complemented by investigative questions. In principle, 
investigative questions serve as a complement to GeoGebra where it is through these questions that 
students will carry out various investigations that lead to a concept. This is in accordance with the 
framework of mathematical tasks carried out by Smith & Stein (1998) pada framework high-level 
demands (doing mathematics). The framework consists of six points, namely (1) require complex 
and nonalgorithmic thinking, (2) require students to explore and understand the nature of 
mathematical concepts, (3) demand self-monitoring, (4) require students to access relevant 
knowledge and experiences and make appropriate use of them in working though the task, (5) 
require student to analyze the task and actively examine task constraints that may limit possible 
solution strategies and solutions, and (6) require considerable cognitive effort and may involve some 
level of anxiety for the student because of the unpredictable nature of the solution process required. 

Significance of the study 
Few previous studies examined the effort to strengthen students' learning independence in 

studying mathematics at the university level during the pandemic. Houston and Lazenbatt used peer-
tutoring to increase students' independence in learning mathematics. However, this study was 
conducted long before the pandemic (Houston & Lazenbatt, 1996). Besides, a study by Saputra and 
Fahrizal (2019) shows that using GeoGebra improves university students’ learning independence in 
studying mathematics. However, this study was not conducted in an online learning condition.  

Previous studies have investigated the integration of Flipped Learning model and GeoGebra, 
such as; (1) Nuraeni et al. (2021), who developed a learning tool on the flipped learning model 
assisted by GeoGebra to improve the mathematical representative skills of secondary school students 
in Indonesia, (2) Ishartono et al. (2022) who studied the integration of GeoGebra into Flipped 
Learning model to improve students’ self-regulated learning, and (3) Andriani et al. (2022) who 
integrated Flipped Learning and GeoGebra to improve students’ critical thinking skills during online 
learning. However, there is a lacuna in studies which examine how the integration of GeoGebra and 
Flipped Learning increases students' independence in learning mathematics during the Covid-19 
pandemic.  

In the context of online mathematics learning, the independence of learning mathematics 
becomes essential for students to have because all the limitations of place and time require them to 
actively construct their own understanding of mathematical concepts based on learning resources 
provided by teachers (Liaw et al., 2007), especially during the Covid-19 Pandemic which requires 
them to remotely study the materials instead of being surrounded by their teachers/tutors. The 
present study is critical because the results will reveal the steps to increase students' independence 
in learning mathematics online. This will benefit practitioners, researchers, and stakeholders in 
mathematics education, especially in improving the quality of online mathematics learning. 

Research objective 
Based on the aforementioned description, the researchers consider it necessary to develop a 

learning syntax that integrates GeoGebra into Flipped Learning to increase students' independence 
in learning mathematics during the Covid-19 pandemic. However, until now, no syntax can 
accommodate such efforts. So, the question is what syntax can accommodate the improvement of 
students’ learning independency in studying mathematics online. This study aims to fill the 
theoretical gaps by developing the syntax of the GeoGebra-based Flipped Learning model to increase 
students' independence in learning mathematics during the Covid-19 pandemic. 

METHODS 

This Research & Development (R&D) research employed the Design-Based Research (DBR) 
model. Armstrong et al. (1992) Design-Based Research is one of the research models that applies 
iterative design to develop knowledge that improves educational practice, such as developing a 
learning syntax. The model comprises the following stages: the analysis and exploration phase, the 
design and construction phase, the implementation, and the evaluation and reflection (see Figure 2) 
(Reeves, 2006). 
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Analysis and exploration phase 
This first phase is critical in the entire development process because the outcome of this phase 

becomes the foundation for the next phase. Therefore, in this stage, several analyses such as cognitive 
analysis of students based on Bloom's Taxonomy, analysis of the existing learning resources related 
to GeoGebra, analysis of the best mathematical learning strategies to use online, learning 
independency aspect, as well as appropriate learning media for students based on aspects of 
GeoGebra and online learning. 

Design and construction phase 
This phase is based on the analysis and exploration phase where the information obtained is 

developed into components of the intended syntax. Furthermore, each component is tested for 
validity by two experts. Validation results are analyzed quantitatively (validation sheet data) and 
qualitatively (suggestions and input validators). Quantitatively, the results of the validation sheet are 
then analyzed using Cohen's Kappa inter-rater formula to test the reliability of the two designated 
validators, as well as Aiken's Coefficient Value formula to test the content validity index (CVI) 
(Ishartono et al., 2022; McHugh, 2012). Qualitatively, the inputs obtained from validators become 
evaluation materials to be revised periodically. In this stage, there is an iteration process where the 
components are consulted again to the validator to assess the revision results after the revision 
process is completed. 

Once the component is completed, it is constructed to be the initial design of the GeoGebra-
Based Flipped Learning syntax. Next, the syntax is validated in theory by two experts, where the 
validation results are analyzed just like the component validation process that has been done before. 
The iteration process also occurs in the construction stage, where after the revision process is carried 
out, the design is then consulted again by the validator. 

Implementation of the syntax  
Furthermore, in theory, design validation is then implemented in the learning process. In this 

research, the implementation was carried out at one of the private universities in Central Java, 
Indonesia, and involved 125 second-year undergraduate students. The students consisted of 98 
female and 27 male students who have been learning mathematics for two years. The university 
selection is based on the availability of facilities that support the mixed learning process, such as the 
internet's capacity, sufficient computers, and the completeness of the mathematics laboratory.  

This implementation was carried out in two meetings on the plane geometry analytic course, 
which aimed to see the obstacles during the syntax design implementation. In addition, it was used 
to see how significant the design has been developed in increasing student independence in learning 
mathematics during online learning. Two instruments are used to obtain the data: observation sheets 

 
Figure 2. Design-Based Research phases 
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to see and record obstacles during the implementation process and questionnaires to assess 
students' learning independence based on the criteria developed by Little (1996). The observation 
process is carried out in each meeting as an iteration of the evaluation process, while the 
questionnaire is only given at the end of the meeting. The questionnaire uses a Likert scale from 1 
(strongly disagree) to 4 (strongly agree), combining negative and positive question types. The 
questionnaire items of learning independence are adapted from the instruments developed by 
Hidayati and Listyani (2013). Items of the instruments can be seen in Table 1. 

Evaluation and reflection phase 
This stage is done by evaluating the results obtained in the second stage, which are the results 

of observations related to implementation constraints and questionnaire results that have been 
distributed to students. The observation results are analyzed qualitatively, while the questionnaire 
results are analyzed quantitatively. The iteration process is also carried out in this stage based on the 
results of observations that have been obtained. If an obstacle is found in the developed syntax 
aspect, it is fixed and piloted again. After obtaining the results of the quantitative and qualitative 
analysis, reflection on whether the application of GeoGebra-based Flipped Learning can significantly 
increase students' independence while studying mathematics online is done. This stage is based on 
Normalized Gain (N-Gain) Test to see the effectiveness in improving students’ learning independency 
during online mathematics learning (Bao, 2006). The results are categorized using the category table 
from Meltzer (2002). 

FINDINGS 

Analysis and exploration phase 
In this stage, the authors conduct a literature review on the syntax aspect of Flipped Learning 

model, aspects of learning independence characteristics, aspects of mathematical topics that will be 
used as the basis for GeoGebra media development, and aspects of GeoGebra itself. The first aspect 
analyzed is the syntax aspect of Flipped Learning model. This model is implemented through three 
stages, namely (1) the pre-class (asynchronous) stage, where teachers provide learning materials for 
students to learn, (2) the in-class (synchronous) stage, where teachers deepen students' 
understanding through exercises to work on questions or implementation of learning models based 
on Higher Order Thinking Skills (HOTS), and (3) post-class (asynchronous) stage where teachers 
evaluate the learning outcomes of students in the form of feedback or additional projects (Murillo-
Zamorano et al., 2019). 

The next aspect analyzed is the characteristics of students' learning independence. According 
to Hidayati and Listyani (2013), there are six indicators which reflect students' independence in 
learning, i.e. (1) being independent, (2) having confidence, (3) behaving discipline, (4) having a sense 
of responsibility, (5) behaving on their initiative, and (6) conducting self-control. These six factors 
are the basis for developing questionnaires used to see the level of students' independence in 
learning mathematics. 

The third aspect studied is the topic used to develop GeoGebra-based teaching media. In this 
study, the developed syntax is implemented in mathematics subjects at the university level. 
Therefore, the chosen topic was the topic of circles contained in the course of plane geometry 
analytic. The selection of this topic is based on its suitability with GeoGebra applications that 
accommodate geometry and the record of assessment results in the previous academic year at the 

Table 1 
Items of Independent Learning Instruments 

No Scoring Aspects Item No. 
1 Independence of others 1(-), 4(-), 6(+), 16(+) 
2 Self-confidence 8(+), 10 (-), 17(+) 
3 Discipline 11(+), 12(-), 18(+) 
4 Sense of responsibility 7(+), 13(-), 14(+) 
5 Initiative 2(+), 3(+), 5(-), 20(+) 
6 Self-control 9(+), 15(-), 19(+) 
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private university where students' scores are relatively low in this course in 2020 compared to those 
in the previous years.  

The last aspect analyzed is the GeoGebra software; this study used GeoGebra 5.0. This software 
can be easily used to illustrate abstract mathematical objects such as geometric objects. In addition 
to the offline version of GeoGebra, the researchers also use the GeoGebra applet version, which can 
be accessed at the following link https://www.geogebra.org/m/p7yypye4. Initially, GeoGebra-based 
learning media was designed using GeoGebra 5.0. Next, a validity test was conducted on the media. 
The last is uploading the files into the applet so the students can operate and manipulate it online 
(Nisiyatussani et al., 2018). Of course, the GeoGebra-based learning media does not stand alone, but 
it includes investigative questions that lead students to a concept that must be mastered. These 
questions’ function as scaffolding questions so students can construct their knowledge 
independently. This condition is based on the results of research from Kristanto et al. (2016b), which 
combined investigative questions in computer software-based learning media to direct students to 
understand a concept.  

Design and construction phase 

Designing the development components 
The authors began this stage by designing the GeoGebra-based Flipped Learning syntax 

component to increase students' independence in learning mathematics, assessment instrument 
designs to assess the GeoGebra-based learning media, and questionnaires to assess the level of 
independence of college students in learning mathematics. The first design was the syntax of the 
GeoGebra-based Flipped Learning model to increase the independence of college students in learning 
mathematics. The syntax was designed based on Little's five learning independence aspects in the 
previous explanation (Little, 1996). In addition, two aspects distinguish this syntax design from the 
existing syntax. It does not use video as the basis for delivering materials in the pre-class activity 
stage but uses GeoGebra, which is equipped with investigative questions. Also, in-class activity is 
implemented offline in the existing syntax. Then, the phase is implemented online (synchronous) in 
this syntax design. Afterward, the researchers detail the GeoGebra-based mathematical learning 
media design that can increase students' independence in learning mathematics, focusing on circles. 
Indeed, as presented at the analysis stage, the media is equipped with investigative questions that 
lead students to the concept circle. 

The author designed a questionnaire to assess students' independence in learning 
mathematics to see the level of student independence. It was a modification of the questionnaire 
developed by Hidayati & Listyani (2013). The questionnaire used a four-figure even Likert scale of 1 
for "strongly disagree", 2 for "disagree", 3 for "agree", and 4 for "strongly agree" (Suharsimi, 2006). 
Furthermore, the questionnaire results will be analyzed quantitatively using SPSS 23 to see an 
increase in the average level of student independence in learning mathematics. The questionnaire 
was distributed using Google Form to collect data. 

Syntax development 
This stage was done by developing syntax that was based on the previously designed 

components.Furthermore, the development results were conducted internal validation by involving 
two expertsin the field of educational technology from one of the private universities in Indonesia. 
The validation process was carried out using a walk-through interview model, where the 
components that had been prepared were then commented on directly by the two experts and given 
input on improvements. The validation aspects include (1) the conformity of the syntax with the 
model used, (2) the suitability of the learning media (GeoGebra) used in the syntax, and (3) the 
conformity of the syntax to the learning sequence in the classroom (Indartono, 2019). Input from 
both experts is used to improve the developed syntax, and the results can be seen in Table 2. 
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Table 2 
The initial design of geogebra-based flipped learning to teach mathematics for college students 

Phases Teacher Activity Student Activity Note 

Pre-
Class 

Activity 

Setting a Learning 
Management System (LMS) 

Creating an account to 
login into the LMS 

The LMS is used to help teachers 
organize the online class easily. 

Distributing Applet 
GeoGebra link to students 
via LMS 

Answer questions 
contained in the Applet 
GeoGebra equipped with 
investigative questions 
 
Learning Independence 
Aspects: 
1. Determining the 

objectives 
2. Defining the content 

and progression 
3. Selecting techniques 

and methods to be 
used 

At this stage, the students 
independently construct their 
knowledge through the 
investigative questions contained 
within the Applet GeoGebra 

Checking students' answers 
on Applet GeoGebra as 
discussion material for the 
In-Class phase 

Listing questions to ask 
related to the material 
studied in the applet 
 
Learning Independence 
Aspects: 
4. Monitoring the used 

procedures 

Students' answers can be used as 
material for teachers to ascertain 
which material points are being 
taught, which are not yet 
understood by students. 

In-Class 
Activity 

Conducting a question-and-
answer session with 
students regarding the 
material that students have 
studied 

Conducting Q&A with 
teachers regarding the 
material they have 
learned and related to the 
things they still confuse 
 
Learning Independence 
Aspects: 
4. Monitoring the used 

procedures 

Teachers use this question-and-
answer process to ensure 
students' understanding of the 
material they have learned. 

Deepening students' 
understanding with Higher 
Order Thinking Skills (HOTS) 
based questions or by 
working on a project by 
using Project-Based 
Learning Integrated with 
GeoGebra 

Working on HOTS-based 
questions or doing a 
project as what is directed 
by the lecturer 

This process aims to deepen 
students' understanding of the 
material they have learned before 
through HOTS questions or a 
project using Project-Based 
Learning integrated with 
GeoGebra to make the learning 
process meaningful. 

Together with students, 
concluding what concepts 
have been learned and how 
to solve problems related to 
them 

Together with lecturers, 
conclude what concepts 
have been studied and 
how to solve problems 
related to the concept 

This process aims to summarize 
what concepts students have 
learned and how they use them to 
solve problems related to them. 
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Table 2 (Continue) 

Phases Teacher Activity Student Activity Note 

Post-
Class 

Activity 

Evaluating students' 
understanding by providing 
enrichment HOTS questions 
or additional projects 

Working on enrichment 
questions or additional 
projects provided by the 
lecturer 
 
Learning Independence 
Aspects: 
5. Evaluating the 

knowledge that has 
been acquired 

This process aims to ensure the 
understanding of students 
wholistically  

Assessing and providing 
feedback on student work 

Understanding the value 
and feedback that 
lecturers have given 

This process aims to strengthen 
students' understanding of the 
materials they have learned 

GeoGebra-based Learning media with investigative questions (GLMIQ) 
At this stage, the learning media is developed according to the design described in the design 

stage. The development of the media was based on the indicators from the topic of the circle that was 
being taught. Those are (1) compiling equations of circles and using them in problem-solving and (2) 
determining the equation of tangents of circles that meet specific criteria. In addition, the media is 
also developed using investigative questions that direct students to construct their knowledge 
independently. After the development process finished, it was validated by two experts in 
mathematics learning media from a private university in Indonesia. The experts validated the aspects 
of content and media. The results of the validation assessment conducted by the two experts were 
then used to assess the reliability level of inter-raters using Cohen's Kappa formula. The results of 
the test can be seen in Table 3. The table shows that the reliability level is 0.89, which means that the 
reliability level of both validators is highly rated. Then, the validity of the content was tested using 
Aiken's Coefficient Content Validity Index (CVI). The average CVI obtained for content aspects is 0.81, 
categorized as valid, and an average CVI for media aspects is 0.79, categorized as valid. Based on the 
result, the developed GeoGebra-based learning media can be used in the learning process. The GLMIQ  
can be accessed at the following link https://www.geogebra.org/m/xb7psqnw. The Conformity of 
GeoGebra-based flipped learning with the mathematical task framework proposed by Smith & Stein 
(1998) can be seen in Table 4.  

Questionnaire Development 
In this study, two types of questionnaires were developed pre-test and post-test. Both 

questionnaires are based on aspects of learning independence presented by Hidayati & Listyani 
(2013). What distinguishes the two questionnaires is that the pre-test questionnaire focuses more 
on their experience regarding aspects of their independence in constructing their knowledge, and 
the post-test questionnaire focuses on students' experience related to improving their learning 
independence during the study of mathematics based on the GeoGebra-based Flipped Learning 
(GbFL) model (see Table 5). 

After completing the development, the questionnaires were then validated by two experts in 
learning evaluation from one of the private universities in Indonesia. The validity test results were 
then used to test the reliability levels of both validators using Cohen's Kappa inter-rater reliability 
test, where the results showed 0.811, which can be categorized as a strong level of reliability. After 
that, the validity results were used to do a validity test using the Content Validity Index Aiken's 
Coefficient Value obtained by each point of the two questionnaires developed has a good level of 
validity with the lowest score was 0.77. 

Phase of syntax implementation 
This stage was held online for two meetings: the sixth (April 16, 2021) and the seventh (April 

23, 2021). In its application, the authors collaborated with the lecturer, who enables the course to 
carry out the learning process according to the syntax developed in each meeting. The 
implementation begins with a pre-class activity where teachers provide GeoGebra-based learning 
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media on the topic circle to students through the LMS that has been set. Then at the in-class activity 
stage, the lecturer validates and deepens students' understanding of the topic of the circle. Figure 3 
is the sample of an in-class activity in which the lecturer validated students’ understanding of 
tangents drawn from points outside a circle. Finally, lecturers provide evaluation and enrichment to 
students in the post-class activity stage as an additional task to strengthen students' understanding. 

Table 3 
Inter-rater reliability test Cohen’s Kappa 

Category Value 
Asymptotic standardized 

errora 
Approximate tb 

Approximate 
significance 

The Measure of 
Agreement (Kappa) 

0.89 0.075 5.872 0.000 

N of Valid Cases 43    

 

Table 4 
The Conformity of GeoGebra-based flipped learning with the mathematical task framework proposed by 

Smith and Stein (1998) 
No Points of the Framework Parts in the GLMIQ 
1 Require complex and non-

algorithmic thinking 
All questions given in investigative questions are not 
algorithmic. It can be seen in the list of questions displayed in 
the GLMIQ. 

2 Require students to explore and 
understand the nature of 
mathematical concepts 

To answer each question given, students are required to 
manipulate GLMIQ 

3 Demand self-monitoring Self-monitoring is given in the form of questions that ask 
students to look back at the way they have done it, such as “Are 
you sure about your answer? Please re-check your answer by 
entering another value in the input in the mathematics 
learning media". 

4 Require students to access 
relevant knowledge and 
experiences and make 
appropriate use of them in 
working though the task 

In the process of answering questions and manipulating the 
GeoGebra-based learning media, students need to use their 
previous understanding. For example, as in the GLMIQ, 
students must understand the concept of a circle before 
manipulating the GeoGebra-based learning media. 

5 Require student to analyze the 
task and actively examine task 
constraints that may limit 
possible solution strategies and 
solutions 

Some of the investigative questions given in the GLMIQ are 
analytical in nature where students are asked to analyze the 
impact of a number manipulation in the GLMIQ. For example, 
there is a question says, “If A is a point on the circle, and B is 
the center point. What will happen to the circle if the distance 
between coordinates A and B increases?” 

6 Require considerable cognitive 
effort and may involve some 
level of anxiety for the student 
because of the unpredictable 
nature of the solution process 
required 

To answer the questions, the students need to test their 
answer. If the answer is correct, there will be a sign says that 
the answer is correct. Therefore, this condition will lead them 
to an anxiety regarding the correctness of their answers.  

 

  

Figure 3. Sample of an activity in In-class activity 
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Table 5 
Points of the questionnaire 

Aspects Points in Pre-Test Points in Post-Test 

Being 
Independence 

• Student self-reliance so far in 
determining the learning goals  

• Student self-reliance so far in 
constructing their knowledge  

• Student independence so far in 
analysing their learning 
difficulties  

• Student independence during 
this time in finding solutions to 
the difficulties they 
encountered during the 
knowledge construction 
process  

• Student independence during 
this time to understand the 
material taught 

• Student independence during the 
implementation of the GbFL model 
in determining learning goals 

• Student self-reliance during the 
application of the GbFL model in 
constructing their knowledge  

• Student independence during the 
application of the GbFL model in 
analysing their learning difficulties  

• Student independence during the 
application of the GbFL model in 
finding solutions to the difficulties 
they encounter during the 
knowledge construction process  

• Student independence during the 
application of the GbFL model to 
understand the materials taught 

Having 
confidence 

• The confidence of students so 
far related to the learning 
strategies they have chosen  

• The confidence of students so 
far related to the achievement 
of their learning goals 

• Student confidence during the 
implementation of the GbFL model 
related to the learning strategy they 
choose  

• Student confidence during the 
implementation of the GbFL model 
related to the achievement of their 
learning goals 

Behaving 
discipline 

• Student discipline during this 
time in making a learning plan  

• Student discipline during this 
time in making a problem-
solving strategy  

• Student discipline during this 
time to always double-check 
their work 

• Student discipline during the 
implementation of the GbFL model 
in making learning plans 

• Student discipline during the 
application of the GbFL model in 
making problem-solving strategies  

• Student discipline during the 
application of the GbFL model to 
always double-check their work 

Having a sense 
of responsibility 

• Students' understanding so far 
related to the consequences of 
the learning strategy they 
chose  

• The student's efforts so far to 
continually validate their 
understanding through various 
references 

• Student understanding during the 
implementation of the GbFL model 
related to the consequences of the 
learning strategy they selected  

• The student's efforts during the 
implementation of the GbFL model 
to continually validate their 
understanding through various 
references 

Behaving on 
their initiative 

• Student initiatives so far to 
record all the obstacles they 
encounter to be asked to 
lecturers  

• Student initiatives during this 
time to find solutions from 
various references related to 
their obstacles during the 
study 

• Student initiatives during the 
implementation of the GbFL model 
to record all the obstacles they 
encounter to be asked to lecturers  

• Student initiatives during the 
implementation of the GbFL model 
to find solutions to various 
references related to their 
constraints during the study 
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Table 5 (Continue) 

Aspects Points in Pre-Test Points in Post-Test 

Conducting self-
control 

• Students' efforts so far in 
evaluating their learning 
strategies  

• The efforts of students so far to 
always confirm their 
understanding to lecturers  

• The efforts of students so far to 
continuously improve the way 
they construct their 
understanding  

• The efforts of students during 
this time to continuously 
monitor their learning 
progress 

• Student efforts during the 
application of the GbFL model in 
evaluating their learning strategies  

• Student efforts during the 
application of the GbFL model to 
always confirm their understanding 
to lecturers  

• Student efforts during the 
application of the GbFL model to 
continuously improve the way they 
construct their understanding  

• The efforts of students during the 
application of the GbFL model to 
continuously monitor their learning 
progress 

The authors first distributed a pre-test questionnaire to students on a pre-class activity in the 
sixth meeting to measure students' independence level in knowledge construction. Meanwhile, for 
the post-test questionnaire, the authors gave it to the post-class activity in the seventh meeting. 
Those questionnaires were distributed using Google Form to make them easier to analyze. All 
questionnaires were then analyzed as material at the evaluation stage. 

Evaluation and reflection phase 
This stage is based on twice the process of applying Gb-FL in the previous phase. Based on the 

observations that have been made, the obstacles found are technical problems, namely the lack of 
solid internet networks owned by students or computers that are less supportive of operating 
GeoGebra online. For the rest, there are no constraints related to the order of syntax that has been 
developed.  

Next, collecting the results of the pre-test and post-test questionnaires that students have filled. 
The collected data were analyzed descriptively by using SPSS 23. The analysis results for the pre-test 
and the post-test questionnaires can be seen in Table 6. The table shows that the average student 
response score for each aspect of the pre-test is above 1.5, while in the post-test, it is above 2.5. 
Meanwhile, when viewed from the normalized gain test value, it is obtained that all aspects are 
categorized as a medium. According to Meltzer (2002), the medium category indicates that the syntax 
developed effectively increases students' learning independence in terms of each aspect assessed. 

DISCUSSION 

The big idea of this study is to increase students' independence in learning math during online 
learning. This becomes important to study because of two things: mathematics and online learning. 
As has been stated before, that mathematics has an abstract work object. On the other hand, after the 

Table 6 
The analysis of the pre-test and the post-test result 

Aspect N 
Pre-Test Post-Test 

N-Gain Category 
Mean 

Std. 
Deviation 

Mean 
Std. 

Deviation 
Being independence 125 1.9440 0.369481 2.8448 0.38843 0.438132 Medium 
Having confidence 125 1.9360 0.595602 2.9560 0.54260 0.494186 Medium 
Behaving discipline 125 2.1280 0.385173 3.1307 0.42733 0.53563 Medium 
Having a sense of 
responsibility 

125 1.9800 0.626691 2.8320 0.53861 0.421782 Medium 

Behaving on their 
initiative 

125 2.0480 0.655079 2.9800 0.59704 0.477459 Medium 

Conducting self-control 125 2.0520 0.373378 2.8800 0.45636 0.425051 Medium 
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emergence of the Covid-19 pandemic, the tendency to organize online learning has increasingly 
become a top priority for the effectiveness and efficiency of learning time. This is in line with the 
study of Subakri & Annizar (2021), who saw that the emergence of the Covid-19 pandemic directed 
various education practitioners to stakeholders to organize online learning. In the context of 
mathematics, it becomes a challenge to teach abstract mathematical concepts online due to the 
limitations of physical interaction between teachers and students. This requires students to equip 
themselves with various knowledge related to mathematical concepts more actively. Therefore, 
students' independence in learning mathematics online becomes essential. 

In the present study, the syntax modification of the Flipped Learning model became an 
alternative effort to increase students' independence in learning mathematics online. The 
modification that emerged in the study was integrating the integrated GeoGebra investigative 
questions software—instead of video learning—which was placed at the pre-class activity stage. This 
replacement is carried out in the Design and Construction phase equipped with a content validity test 
based on Aiken's Value formula, which is reviewed from the media aspect, and the content aspect is 
categorized as valid (see Table 2). Once the media is completed, it is then integrated into the syntax 
of Flipped Learning model as a modification (see Figure 4. as a form of visualization).  

In the Design and Construction phase, the modified syntax was implemented at one of the 
private universities in Indonesia. As previously stated, this implementation is carried out to obtain 
qualitative data from field observation results related to the constraints of the implementation of 
learning based on the modified syntax, and also quantitative data based on the results of spreading 
student learning independence questionnaires during online mathematics learning. The analysis 
results obtained in the Evaluation and Reflection phase are, qualitatively, there are no significant 
obstacles related to the syntax that is carried out in sequence. Table 4 shows that all aspects of 
learning independence are categorized as medium or quite effective. This means that the syntax 
developed effectively increases students' independence in learning mathematics online. 

The present study used the Design-Based Research (DBR) model instead of any other 
development models such as ADDIE (Analysis, Design, Development, Implementation, and 
Evaluation) (Bichelmeyer, 2005), Dick and Carey (Corbeil et al., 2005), and Borg & Gall (Gall et al., 
1996). The consideration is that DBR is a development model used to develop instructional models 
(Mckenney & Reeves, 2014), while other development models are models used to develop physical 
products such as learning media, books, etc. The most significant differentiator is that in DBR, there 
are no limited trial sub-phases; the replacement is iteration at the implementation stage. While in 
other development models, there are limited sub-phase trials to see if the developed product has 

 
Figure 4. Design of GeoGebra-based flipped learning 
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technical faults, such as the readability and practicality the developed product. Some previous studies 
used DBR to develop learning models (Koivisto et al., 2018; Ustun & Tracey, 2020), learning 
environments (Wang & Hannafin, 2005), and mobile learning frameworks (Bikanga Ada, 2018). 
Therefore, DBR is considered appropriate in answering the purpose of this research. 

In addition to syntax development, this research also focuses on developing students' learning 
independence during online mathematics learning. The results of the quantitative analysis in Table 
4 show that the syntax developed effectively improves students' learning independence. This might 
be contributed to the role of GeoGebra-based Learning Media with Investigative Questions (GLMIQ) 
embedded in the pre-class activity phase, providing facilities for students to study independently 
before the in-class activity phase began. Therefore, the students already have the provision to study 
in that phase. This is in line with Ausubel & Fitzgerald (1961) related to his opinion about meaningful 
learning, where the learning process becomes meaningful when students can relate the information 
they have learned with their previous knowledge. In this study, the in-class activity phase can be 
meaningful because students have been first equipped with knowledge in the pre-class activity phase 
through the GLMIQ. Through these media, several aspects of learning independence, such as learning 
goals, learning materials, learning experiences, and learning evaluation, are accommodated through 
the process of manipulation of learning media. Specifically, GeoGebra acts as an interactive learning 
media where students can manipulate all the means contained in the media. Some previous research 
findings use GeoGebra as a medium of mathematics learning (Batubara, 2019; Kllogjeri, 2010; 
Kusumah et al., 2020; Septian et al., 2019). Next, the Investigative Question (IQ) aspect guides 
students in learning the concept they want to learn. Some previous studies have used IQ to help 
students understand a concept and investigate its properties, such as a study from Arnold and 
Pfannkuch (2019), who used IQ to improve students' understanding of statistics. Hence, combining 
those aspects can be an alternative method for increasing students' learning independence in the 
online mathematics learning. 

Indeed, some aspects of this study can be further explored, such as comparing the syntax 
developed with the syntax of the conventional Flipped Learning model to obtain more 
comprehensive comparison results or employing mixed methods design to investigate the responses. 
Further, this research is expected to be useful for stakeholders in developing online mathematics 
learning policies, mathematics teachers in carrying out mathematics learning online, and researchers 
as a reference in reviewing students' independence in learning mathematics online. 

CONCLUSIONS  

This study developed the syntax of the GeoGebra-based Flipped Learning model through the 
DBR development model consisting of three phases, analyzing and exploration, designing and 
construction, and also evaluation and reflection. The developed syntax consists of three stages: (1) 
the pre-class activity stage of GeoGebra-based learning media integrated with investigative questions 
to assist students in understanding the material taught comprehensively, (2) in-class activity stage 
where the use of GeoGebra is focused on HOTS-based learning or projects, and (3) post-class activity 
where teachers deepen students' understanding by enrichment using HOTS-based questions. The 
implementation of syntax developed in the implementation stage shows that the average value of 
student independence aspects increases, which means that the GeoGebra-based Flipped Learning 
syntax can help increase students' independence in learning mathematics. Further research can focus 
on testing the effectiveness of the syntax by comparing it to the original syntax of Flipped Learning 
model, or other online-based learning models. In addition, This research has also revealed the 
students’ attitudes toward the implementation of this syntax.  
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