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Using ICT-based interactive learning media is a learning method that strongly supports the teaching and learning process for students and teachers during the COVID-19 pandemic. This ICT-based learning media must be easily accessible to teachers and students, and one of the interactive media that is easily accessible is android-based learning media. This development research aims to design android-based learning media on valid trigonometric material and improve students’ mathematical critical thinking skills. This development research using the ADDIE model took 121 Ipeople consisting of expert validators, user (teacher), and students. The expert validators consisted of one mathematics education material expert and one ICT expert. Meanwhile, user represented by one mathematics teacher were involved in validating the use of the media design. In addition, there were participants from among students, which included 118 class X high school students throughout the Province of West Java, Indonesia, who took part in a limited trial phase of 20 people, an extensive trial of 50 people, and a product trial of 48 people. A sample of 118 students came from high school in the medium cluster. So, the reason for taking the sample represents the condition of students both on the island of Java and in Indonesia. The results showed that the developed android-based learning media was valid and could be used without revision with a combined percentage of 87.33%, with details of material experts at 84%, media experts at 92%, and validation by mathematics teachers at 86%. The results of the practicality test on students of 81% showed that the Android-based learning media design had a strong response, so the learning media made were very practical to use. The product test results show that the achievement of mathematical critical thinking skills of students who learn to use android-based learning media is better than those who learn not to use android-based learning media.
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1. Introduction

The COVID-19 pandemic has forced the world of education to make maximum use of technology in the delayed learning process. Learning in mathematics that utilizes technological advances in the form of online learning can facilitate teachers and students simultaneously in delivering and obtaining subject matter (Chai et al., 2013; Bertram, 2020; Reddy et al., 2021; Mahmud et al., 2022; Su et al., 2022). One of the uses of online learning media that is currently in great demand by various groups is the use of Android on smartphones (mobile). The development of information technology has now been used in various schools to implement interactive learning media based on Android using a PC or smartphone.

The use of Android as a learning medium gets a positive response from various groups and also provides some convenience in the online learning process. Churiyah et al. (2020) recommend that there are several conveniences in android-based online learning, including for teachers that student learning outcomes can be known directly, learning activities are not limited to distance, time, and place, in the learning process, students can be accompanied by parents, students can access the network with the internet, students can take advantage of the media in their surrounding environment and have a lot of time with family. Irfan and Wulandari (2019) stated that on Android-based learning media, students can learn more easily without being limited by time and place, nor do they need to carry books. The development of learning media at this time has utilized multimedia elements that are packaged in the form of an Android application so that it can reduce student boredom in learning. However, the obstacles that often arise are not only from student factors but also from teachers and media or teaching materials that play an important role in the mastery of understanding students’ prerequisite materials (Rohaeti et al., 2019; Sulistyo and Kurniawan, 2020; Tran et al., 2020; Wijaya et al., 2020; Pertiwi et al., 2021; Hidayat et al., 2022).

In addition to the benefits that are a positive impact of using Android, there are also some negative impacts that arise, including that there are still many students who do not focus on learning because they are too busy with their cellphones used for social media and also playing games (Irfan and Wulandari, 2019). In addition, there are also some groups who still have difficulty getting internet access, and there are also families who do not have mobile devices. However, the positive impacts are far greater than the negative impacts. The government has also taken measures to minimize the negative impact by providing study quota assistance and creating study groups so that students who do not yet have devices can still study by joining with friends who have mobile devices.

Android-based learning media uses cellphones as a tool to facilitate effective and efficient learning so that students may learn (Martono and Nurhayati, 2014; Novaliendry et al., 2020). This is due to the Linux-based Android operating system for mobile devices, including smartphones and tablet computers, which Google and the Open Handset Alliance developed. Android is intended to be an operating system that offers developers an open-source platform to build applications (Hakky et al., 2018; Irfan and Wulandari, 2019; Sari and Wati, 2020). Since smartphones and tablets may be used as learning aids anytime, anywhere, and with a high level of practicality, attractiveness, efficacy, and efficiency, android-based learning media is a learning medium.

Irfan and Wulandari (2019) note that the eligibility criteria for android-based learning media are categorized into two aspects, namely content or material aspects and media aspects. Aspects of the material can be viewed in terms of suitability, quality of content and objectives, and instructional quality. The media aspect can be viewed in terms of ease of use and navigation, in terms of aesthetics or beauty, in terms of media integration, and in terms of technical quality. While the criteria for android learning media, according to Sari and Wati (2020), are carried out based on student questionnaires with several aspects as follows: (1) Practical aspects; (2) Aspects of visual appearance; (3) language aspect; and (4) Aspects of effects for learning strategies. Meanwhile, according to Hakky et al. (2018), the eligibility criteria for android-based learning media are divided into two, namely material assessment and media assessment. The assessment of a piece of content takes into some factors, including: (1) the relevance of the content; (2) the structure of the content; (3) the evaluation and practice questions; (4) the linguistic element; (5) the effects on learning techniques; and (6) the visual appeal. The media evaluation also takes into account: (1) language features; (2) effects on learning techniques; (3) factors of software engineering; and (4) aspects of aesthetic appeal. While evaluating student responses, considerations for both learning methodologies and visual appeal are taken into account.

The eligibility criteria for the Android-based learning media used are similar, then the researchers used three criteria: material criteria, media criteria, and student response questionnaires. The material assessment criteria are divided into several categories: (1) the material’s relevance; (2) its organization; (3) evaluation and practice questions; (4) the language aspect; (5) the effects on learning strategies; and (6) its visual appearance. Language aspects, effects for learning strategies, software engineering aspects, and visual appearance aspects are all included in media evaluation. The following topics are covered in student response questionnaires: (1) practical aspects, (2) visual appearance aspects, (3) language aspects, and (4) effects on learning strategies.

Trigonometry is one of the mathematical topics that can help you develop more mathematical skills (Basir and Maharanib, 2018; Wijaya et al., 2020). Furthermore, trigonometrical material is used in many other fields of science, such as architecture, navigation, engineering, studying the motion of celestial bodies such as the sun, moon, and stars and their calculations, and several other branches of physics (Purwanti, 2017; Basir and Maharanib, 2018). There are so many roles for this trigonometry material that it is critical that students understand it at the high school level and even higher, namely in college, where trigonometry material appears frequently and becomes one of the requirements for graduation.

Trigonometry’s importance is still not balanced with students’ mathematical critical thinking skills. Higher-order thinking skills in mathematics are expected to be important learning outcomes (Lewis and Smith, 1993; Kurniati et al., 2015; Abdullah et al., 2016; Zetriuslita and Ariawan, 2021; Hendriana et al., 2022). The ability to solve non-routine problems is defined as critical thinking (Mogari and Chirove, 2017; Kurniati and Asari, 2019; Sari and Hidayat, 2019). Thus, critical thinking skills can be defined as logical thinking that is reasoned and focused on solving mathematical problems (Lewis and Smith, 1993; Widyatiningtyas et al., 2015; Paul and Elder, 2019). Thus, mathematical critical thinking ability is a systematic ability that can be used to solve mathematical problems by combining prior knowledge with mathematical reasoning abilities.

However, in reality, mathematics learning activities in Indonesia have not fully trained students’ critical thinking skills. This can be proven from several times the results of the Trends in International Mathematics and Science Study (TIMSS) with high-level cognitive questions that measure critical thinking skills. In the 2015 TIMSS, Indonesia was ranked 46th out of 51 countries with a score of 397 (Safari, 2021). Then in the 2018 Program for International Student Assessment (PISA) results, it shows that Indonesia’s achievement in mathematics has a score of 379 which indicates a decrease of 7 points from that obtained in 2015 (Setiawan et al., 2021). This concludes that the improvement of students’ mathematical critical thinking skills still needs to be improved.

Student’s difficulties in learning trigonometry during the COVID-19 pandemic make it urgent to research teaching media development. In this case, the researcher studied the effect of android-based learning media on trigonometry material to improve students’ mathematical critical thinking skills. This research is expected to produce a valid product about android-based learning media in trigonometry material. In addition, the resulting product can also meet practical aspects so that it can be widely applied in learning.

Aside from the above study, the authors want to see how much Android-based trigonometry learning media is expected to improve students’ mathematical critical thinking skills during the COVID-19 pandemic. This study aims to analyze and investigate: (1) the process of developing android-based learning media on trigonometric material; and (2) the results of the application of android-based trigonometry learning in improving students’ mathematical critical thinking skills.



2. Research methods

The ADDIE (Analysis, Design, Development, Implementation, and Evaluation) model is used in this development research to create android-based learning media on trigonometry material to improve students’ mathematical critical thinking skills during the COVID-19 pandemic. Figure 1 depicts the stages of the ADDIE development model.

[image: Figure 1]

FIGURE 1
 ADDIE development model.


Participants involved in developing the implementation of this android-based learning media product amounted to 121 people, expert validators, the user (teacher), and students. The expert validators consisted of one material expert in the field of mathematics education (Dr. Sri Adi Widodo, M.Pd, lecturer at the Universitas Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia) and one ICT expert (Dr. Surya Amami Pramuditya, M.Sc, Head of Media and Learning Device Development at the Universitas Swadaya Gunung Jati, Cirebon, Indonesia). Meanwhile, the user represented by one of the mathematics teachers (Agie Ginarnjar, S.Pd, Guru SMA Negeri 2 Padalarang, West Java, Indonesia) was involved in validating the use of media designs. In addition, there were participants from among students, which included 118 class X high school students throughout the Province of West Java, Indonesia, who took part in a limited trial phase of 20 people, an extensive trial of 50 people, and a product trial of 48 people. A sample of 118 students came from high school in the medium cluster. So, the reason for taking the sample represents the condition of students both on the island of Java and in Indonesia.

The subject matter of trigonometry that is used as the focus of this research is: (1) Trigonometric ratios and angle measures; (2) Special angle trigonometric ratio; (3) Graphs of trigonometric functions; and (4) The sine, cosine, and area rules of a triangle.

Students’ mathematical critical thinking ability is measured through a test with the characteristics of a good critical thinking ability test. The following is an example of a student’s mathematical critical thinking ability test (see Figure 2).

[image: Figure 2]

FIGURE 2
 An example of a student’s mathematical critical thinking ability test.



2.1. Analysis stage

The analysis is performed to determine the learning needs and competencies that students must master. Details of activities during the analysis stage, specifically:

a. A user needs analysis is a study that is conducted to determine what is required in the development of learning media. The information was gathered through interviews with the goal of eliciting information about problems encountered while learning trigonometry material.

b. Identification of needs (problems) seeks to discover the solutions that must be proposed in the design of android-based learning media in order for students to master the competencies required.



2.2. Design stage

This stage’s activities are divided into five steps, which are as follows:

a. Developing competencies, namely developing specific competencies that students must achieve in designing android-based learning media, so that students can be self-sufficient (mathematical critical thinking skills).

b. Determine the learning material, which is trigonometry in class X SMA. This material was chosen to keep the discussion from becoming too broad.

c. The researcher creates an android-based learning media strategy to aid the learning process and ensure that the predetermined competency goals are met. This product contains at least three media that are combined into one, namely a Google Form, a Wizer.me interactive worksheet, and an Apperception video.

d. Evaluation, specifically evaluating the equipment and conditions required by students in order to achieve the learning competencies that are expected.

e. Sources, specifically locating and determining learning resources that can aid in the creation of this android.



2.3. Development stage

The development stage consists of producing or creating specifications for android-based learning media that were determined during the design stage. The android-based learning media must then be validated before being used in the learning process once it has been completed in production. Activities carried out during the development stage include:

a. Creating learning media, specifically Android-based learning media Android-based learning media is created with the PowerPoint application, which is easily accessible on a laptop. Furthermore, it is converted into an application using APK Builder Pro 3.4, so that it becomes a product in.html and is ready to be explored into an application that is ready to be installed. Making android-based learning media that is scientifically tailored to the needs of students learning trigonometry material.

b. Validation of Learning Media, which includes expert, user, and audience validation in the form of a questionnaire the validation of learning media. This validation is intended to gather feedback for revising android-based learning media so that it can be said to be usable.

In this case, expert validation is performed by a single lecturer who is both a material expert and a media expert. Mathematics teachers perform user validation, and students are tested for audience validation. The validated criteria for assessment aspects include:

a. Material expert assessment: (1) aspects of material relevance; (2) aspects of material organization; (3) aspects of evaluation and practice questions; (4) language aspects; (5) effects of learning strategies; and (6) visual appearance.

b. Evaluation of media experts: (1) language aspects; (2) effects on learning strategies aspects; (3) software engineering aspects; and (4) visual appearance aspects.

c. User evaluation: (1) aspects of material relevance; (2) aspects of the material organization; (3) aspects of evaluation and practice questions; (4) language aspect; (5) effects for learning strategies; and (6) visual appearance.

d. A student response questionnaire with three sections: (1) language aspects, (2) effects for learning strategies, and (3) visual appearance aspects.

Rubric or product development validation criteria are presented in Table 1.



TABLE 1 Product development validity criteria.
[image: Table1]

In addition to focusing on the design and manufacture of android-based learning media, at this development stage, simulations were also carried out to support the validation stage (especially the student response questionnaire). Simulations were carried out on class X SMA students in the form of a limited trial of 20 people, an extensive trial of 50 people (from two classes in two schools), and a product test of 48 people (from two classes in one school, each with 24 students). The lesson design in this study is in the form of distributing student response questionnaires that have been given simulations using android-based media that have been created. Rubric or product development practical criteria are presented in Table 2.



TABLE 2 Product development practical criteria.
[image: Table2]



2.4. Implementation stage

The implementation stage is when the mathematics teacher delivers learning material in the classroom. Material is submitted using android-based learning media that has been validated by experts, as well as a control class that does not receive media as a benchmark for evaluating material for the experimental class. The number of samples at this implementation stage was 48 from two classes (24 people each).

Experimental and control class were determined randomly, and both classes had the same ability based on the average achievement of the previous material. Before the product test was carried out, the two classes had yet to experience learning using android-based media.

One of the objectives of this research is to improve students’ mathematical critical thinking skills using android-based learning media that has been developed. Therefore, a mathematical critical thinking ability test was conducted at the end of the lesson. The results were analyzed using a statistical test, the independent sample t-test, using JASP Statistics software.



2.5. Evaluation stage

The evaluation was carried out to determine the quality of the finished products, which were android-based learning media. This level of quality will be evident if android-based learning media can improve students’ mathematical critical thinking skills both before and after learning. In this step, the researcher classified the data to improve students’ mathematical critical thinking skills, which would be measured using test questions administered at the beginning and end of the lesson. If students’ mathematical critical thinking skills improve, learning with android-based learning media is considered successful; however, if there is no improvement or a decrease, the developed android-based learning media must be improved. Figure 3 depicts the entire flow of research and development activities.

[image: Figure 3]

FIGURE 3
 Flow of research and development activities.





3. Results

This development produced learning media in the form of Android applications based on Trigonometry material. The resulting application is a file with an.apk extension that is installed on an Android smartphone. PowerPoint is used as a medium for application development, which is then exported into an application using Website 2 APK Builder Pro 3.4. It also makes use of several supporting applications, such as g-form, interactive worksheets, and interactive videos, to create self-contained applications that teachers, students, and parents can easily control. The outcomes of the development stages used in the ADDIE development model (Analysis, Design, Development, Implementation, and Evaluation).


3.1. Analysis stage

The following steps are required to determine the initial needs for developing learning media: (1) User Needs Analysis, (2) Student Learning Style Analysis, and (3) Curriculum or Content Analysis. Before moving on to the user requirements analysis stage, the problem is identified and the required solution is determined. Based on observations of classroom learning, student interviews, discussions with mathematics teachers, and readings from various articles, problems were identified, including students’ basic mathematical abilities and lack of interest. This is caused by a number of things, including the lack of independent learning media, a lack of innovation and variety in the use of media, and a lack of use of Android devices as learning tools. Making learning media can be used to solve previous issues.

The need for the product is determined by analyzing user needs. Table 3 shows the data from observations and interviews used to determine needs.



TABLE 3 Observational and interview-based data.
[image: Table3]

The findings of the observations and interviews are then analyzed to determine user needs, which are supported by the specifications/features of learning media (see Table 4).



TABLE 4 Results of user need analysis.
[image: Table4]

The analysis results related to the required features and content (see Table 2) must have the characteristics of learning media to produce a good display. This media development incorporates Alessi and Trollip’s (Alessi and Trollip, 2000) media characteristics, namely: (a) introduction to learning media; (b) student control; (c) consistency; and (d) presentation mode. The start page in the form of the media title and developer identity marks the beginning. A login button is presented so that users can proceed to the next page. Student control allows users to interact with learning media. Control is accomplished through the use of specific buttons, namely menu and navigation buttons. In learning media, menu buttons include buttons for various menu options. Navigation buttons are used to move to specific pages, such as (1) Home, which takes you to the main page of learning media, (2) Next, which takes you to the next page, and (3) Back, which takes you back to the previous page. The goal of consistency is to make learning media more convenient for users. The following components have consistency applied to them: (1) putting the home, next, and back buttons at the bottom; (2) using consistent keys for the same purpose; (3) using consistent paragraphs, font sizes, and font types in the text; and (4) using a consistent color for one-way sections. While the presentation mode depicts the presentation of content in accordance with the requirements of visual elements, namely: (1) readability of media text, where learning is developed using clear and easy-to-read text. The font used is Maiandra GD, which is a suitable size and easy to read. Furthermore, the text color is adjusted to match the background color so that the text is legible. (2) Graphic quality is used in a display that is arranged with artistic quality and attractiveness. A good color element is presented with a maximum of five color shades. (3) Video quality The video in this lesson is used to visualize the material through various examples from everyday life.

The next step is to analyze student learning styles after identifying user needs. This analysis is useful in determining what type of media will be created to suit students’ learning styles in order to improve students’ learning motivation. Table 5 shows the results of the analysis of student learning styles.



TABLE 5 Analysis of student learning styles.
[image: Table5]

At the curriculum analysis or content stage, namely material relevant to the specified basic competencies. According to the syllabus, basic competencies and objectives/indicators are required for developing trigonometry learning media. Angle measures and trigonometric ratios, trigonometric ratios of special angles, graphs of trigonometric functions, rules of sin, cos, and area of triangles, and functions of trigonometric equations are all organized around these fundamental competencies. At this stage, the material compiled is guided by a variety of sources, including books, modules, and other supporting materials.

Other content that will be included in the learning media, such as videos, examples, and practice questions, must be determined in advance, in addition to the material. The videos created in this application are in the form of light videos at the beginning of learning that contains illustrations and examples of the application of trigonometry material to daily activities, and several videos are also given as examples of problem-solving. Practice questions are presented in wizer.me interactive worksheets to facilitate student work and teacher correction, and can be emailed to parents.



3.2. Design stage

The design phase produces a flowchart that describes the sequence and structure of learning media, a storyboard with a template design plan, and an interface design. The created flowchart is then used as a guide for designing storyboards, resulting in a planning design that is in accordance with the media structure (see Figure 4).

[image: Figure 4]

FIGURE 4
 Flowchart of media structure.


The storyboard is a rough outline of the display of the learning media that will be created, including the media’s content, layout, and the majority of the elements that will be included (Jones, 2008; Herbst et al., 2014; Webel and Conner, 2017). The story-board is then used as a guide in creating the interface design. The interface design creates a real storyboard representation by paying attention to the previously analyzed elements and characteristics of the learning media, such as balance, color, text, graphics, and others (see Figure 5A). The storyboard design is then translated into a real display or interface design to make it more appealing and user-friendly (see Figure 5B). Furthermore, each resource includes information on learning objectives and attendance links (see Figures 5C,D).

[image: Figure 5]

FIGURE 5
 Interface design (A) homepage, (B) default menu page, (C) learning goals, and (D) attendance links.


Exercises are also presented as a worksheet on each material page (see Figure 6). It is intended to continue to hone students’ mathematical critical thinking abilities.

[image: Figure 6]

FIGURE 6
 Worksheets and resource pages.




3.3. Development stage

Development is the stage of product development and testing in which the results of the analysis, and design are transformed into a complete finished product and validated by experts, specifically material and media experts. In addition to validation, the developer requests feedback and suggestions from expert validators in order to improve the developed media.


3.3.1. Making educational media

This android-based learning media is created in PowerPoint, which is then converted into an html file product by APK Builder Pro 3.4 and is ready to be explored into an application that is ready to be installed.



3.3.2. Learning media validation

Experts validate learning media (material experts, media experts, and users). Dr. Sri Adi Widodo, M.Pd. is the material’s validator (Lecturer of Mathematics Education, Universitas Sarjanawiyata Tamansiswa Yogyakarta, Indonesia). Users validate the development of learning media, in addition to material experts and media experts. Agie Ginanjar, S.Pd., is a mathematics teacher at SMA Negeri 2 Padalarang in West Bandung, Indonesia. Table 6 shows the results of material and user/teacher validation.



TABLE 6 Material expert and math user/teacher validation results are recapitulated.
[image: Table6]

Dr. Surya Amami Pramuditya, M.Sc. is the media’s, validator the media. He is the Head of Media and Learning Device Development at Indonesia’s Gunung Jati Swadaya University. Table 7 summarizes the media expert validation results.



TABLE 7 Expert validation results recapitulated.
[image: Table7]

Based on the findings presented in Tables 6, 7, the overall product validation results summary is 87.33% (very valid), so the product design in the form of android-based learning media can be used without revision.



3.3.3. Simulation

The simulation was performed on class X high school students in the form of a limited trial of 20 people, an extensive trial of 50 people (from two classes in two schools), and a product test of 48 people (from two classes in one school, each with 24 students). The lesson design in this study takes the form of distributing student response questionnaires that have been given simulations using created android-based media. Table 8 summarizes the results of limited trials, extensive trials, and product trials.



TABLE 8 Recapitulation of student response results.
[image: Table8]

With a response score of 81%, the analysis of student response results revealed a strong interpretation (see Table 8). This demonstrates that students feel helped in increasing mathematical critical thinking skills after receiving android-based learning media on trigonometry material. Furthermore, the developed product or media has been declared valid and can be used for learning (see Table 8).




3.4. Implementation stage

Experiments were conducted on students from two classes in one school, each with 24 students. The first class is known as the experimental class, and the second is the control class. The experimental class consists of students who learn using the developed Android application media, while the control class consists of students who learn without using the developed Android application media.

Based on the assumption test analysis using JASP Statistics software, it is found that the data is normally distributed and has a homogeneous variance. This is followed by a parametric test, namely the independent sample t-test (see Table 9).



TABLE 9 Independent sample t-test (one-tailed).
[image: Table9]

The p-value from the independent sample t-test results (see Table 9) is 0.007. As a result, those who learn using the developed android application media have better mathematical critical thinking skills than those who do not learn using the developed android application media.



3.5. Evaluation stage

The ADDIE model’s final stage is evaluation. The researcher solicited responses from students who had studied with the developed Android application media during this stage of evaluation. Each action elicits a variety of reactions, both positive and negative. The most common positive response is that students’ learning processes are more flexible. Students can study wherever and whenever they want. Students can also study the material thoroughly and freely select material that is considered poorly understood throughout the material’s various sections.

In addition to positive responses, there are negative responses that necessitate improvements in the developed Android application media. This is because life is never static; it is constantly changing and improving with each stage. The negative response, in the form of criticism and constructive suggestions, is that not all students have access to a cellphone with the most recent version as a device for using android application media in learning mathematics. So, in line with the research of Hapsari and Fahmi (2021), the researchers intend to carry out further development of this application, and the responses and suggestions obtained during the study were used as a reference for improvement.




4. Discussion

The findings of a study on the development of learning media with Android applications show that students’ mathematical critical thinking skills improve. Furthermore, the interaction between learning resources and students, learning through Android application media can increase student interest in learning (Sari and Wati, 2020). This android application begins by creating learning media with Microsoft Power-Point, which is then enhanced with I-Spring and Website 2 APK Builder. This demonstrates the advantages that students gain from the learning process, which is simple to create, free, and not overly demanding.

This android learning media also makes use of other applications in its development, such as Google Forms and Wizer.me. This is thought to make it easier for students and teachers to conduct online learning in the form of worksheets, attendance lists, and learning evaluations that parents can access. It is hoped that by using interactive worksheets, students’ mathematical abilities will improve (Pertiwi et al., 2021; Kurniansyah et al., 2022).

The created media summarizes trigonometry material with a scientific approach to help students improve their mathematical critical thinking skills. This media is developed in stages to produce learning media products that are suitable for use in the learning process. Several needs analyses were performed in the first stage of the development of the developed product, which included three types of analyses: user needs analysis, student learning style analysis, and curriculum analysis (Fahmi et al., 2019; Marbán and Mulenga, 2019). This can be determined during the preliminary observations. The following analysis is to determine the theme and scope of the learning media so that the media developed is limited. The following analysis is to determine the theme and scope of the learning media so that the media developed is limited. This stage is completed by paying close attention to the material being created.

At the design stage, the goal is to sketch out the content of the android media, which is created with student characteristics in mind. Flowcharts, storyboards, and user interfaces are then created. Flowcharts are created to provide a high-level over-view of the flow or course of learning media from one slide to the next. The story-board is used to describe each slide, which includes an image display, conversation bubbles, and other pertinent information (Jones, 2008; Herbst et al., 2014; Webel and Conner, 2017). The results of this stage are displayed in the interface. This design stage went through several revisions based on the validator’s direction and input before becoming a complete media design. Following the results of the tests, the media design underwent at least two improvements to produce a product ready for testing.

During the development stage, researchers create the necessary learning media elements, such as text, images, videos, and materials, into a complete media that is ready to use. After the product is completed, it is validated by experts, including material experts, media experts, and math teachers. The validation process is carried out because it can help to improve the developed media (Suarsana et al., 2018; Fahmi et al., 2019; Nurwijayanti et al., 2019). Validation is based on an evaluation of the feasibility of linguistic aspects, evaluation of effects for learning strategies, evaluation of visual aspects, evaluation of material relevance aspects, evaluation of material organization aspects, and evaluation of evaluation aspects in the form of tests (Hidayat et al., 2022; Kurniansyah et al., 2022).

The implementation stage is a full learning experiment. At this point, it is clear that students who study with android application media have better mathematical critical thinking skills than students who do not study with android application media. One of the most significant reasons is that students’ learning processes are more flexible. Students can study whenever and wherever they want. Students can also study the material thoroughly and freely select material that is considered poorly understood throughout the material’s various sections. This is consistent with Kurniansyah et al. (2022) belief that interesting and interactive learning media can increase students’ learning motivation.

The evaluation stage results indicate that the development of this android application medium is not only recommended for trigonometry material but also materials with a connection to trigonometry, such as calculus. This is because learning mathematics is interconnected with other subjects. If students have mastered the prerequisite material’s mathematical critical thinking skills, then mastering the next material’s mathematical critical thinking skills should not be too difficult (Priatna et al., 2020; Lestari et al., 2021; Setiana and Purwoko, 2021). Furthermore, due to the dynamic development of technology in mathematics learning, the material presented must be developed in Android application media. This is consistent with the fact that, to foster meaningful learning for students, the mathematical material developed on Android application media must also be linked to the real-life experiences that students have daily (Van Den Heuvel-Panhuizen, 2003; Purwasih et al., 2020).



5. Conclusion

The process of developing android-based learning media on trigonometry material has gone through ADDIE development procedures, namely (1) Analysis, (2) Design, (3) Development, (4) Implementation, and (5) Evaluation. The developed media have been valid and practical and have gone through product testing to see their effectiveness. The validation results obtained are 87.33%, with details of material experts at 84%, media experts at 92%, and validation by mathematics teachers at 86%. Furthermore, the results of the practicality test on students of 81% indicate that the android-based learning media design has a strong response, so the learning media made are very practical to use.

The achievement of students’ mathematical critical thinking skills who learn using android-based media is better than those who learn without using android-based media. The achievement of students’ mathematical critical thinking skills, who received learning using android-based media and those who did not use android-based media, were both in the medium category.

Research on developing android-based learning media still needs to be improved in trigonometry material and mathematical critical thinking skills. For further study, it is expected to be able to examine further the difficulties faced by students in improving other higher-order thinking skills.
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