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ABSTRACT 
This study aims to determine the effectiveness of the implementation of the GeoGebra Classroom-assisted 
Problem Based Learning model to improve the mathematical literacy skills of deaf students in geometry 
material. The study also describes the mathematical literacy skills of deaf students by implementing the 
GeoGebra Classroom-assisted Problem Based Learning model. The method used is mixed methods, which is a 
combined approach between quantitative and qualitative. The research conducted applies a quantitative 
approach with the Single Subject Research (SSR) method with an A-B-A design, namely baseline-1 (A1), 
intervention, and baseline-2 (A2) phase which is continued with a qualitative approach with a qualitative 
descriptive method. The subjects of the study were five deaf students in class X of SLBN Semarang. Data 
collection techniques using the form of observation, interviews, questionnaires, and tests. Data analyzed using 
descriptive statistics, data reduction, data presentation, data interpretation, and drawing conclusions. The 
results of the study indicate that: 1) the GeoGebra Classroom-assisted Problem Based Learning model is 
effective in improving the mathematical literacy skills of all subjects. Cognitively, there was an increase in the 
value of the five subjects respectively by 24, 11, 24, 23.5, and 26 points. The affective aspect also showed an 
increase in the dimensions of curiosity, accuracy, responsibility, never giving up, enthusiasm for learning, self-
confidence, and interest in learning. The psychomotor aspect also showed an increase in all dimensions 2) the 
responses of the five research subjects were very positive by 90.90%, 95.45%, 86.36%, 97.72%, and 88.63%. 

Keywords: Problem Based Learning; GeoGebra Classroom; Mathematical Literacy Ability; 
Deaf Students. 

ABSTRAK 
Penelitian ini dilatarbelakangi oleh rendahnya kemampuan literasi matematika siswa tuna 

rungu terutama dalam memahami konsep geometri secara mendalam. Literasi matematika sangat 
penting untuk membekali siswa dalam menyelesaikan masalah kontekstual, namun penyandang 
tuna rungu menghadapi tantangan dalam komunikasi dan representasi simbolik. Oleh karena itu, 
diperlukan suatu model pembelajaran inovatif yang dapat mendukung kebutuhannya, salah 
satunya adalah Problem Based Learning (PBL) berbantuan GeoGebra Classroom. Penelitian ini 
bertujuan untuk mengetahui efektivitas penerapan model PBL berbantuan GeoGebra Classroom 
dalam meningkatkan kemampuan literasi matematika siswa tuna rungu dan mendeskripsikan 
peningkatannya. Metode yang digunakan adalah metode campuran dengan desain Single Subject 
Research (SSR) A-B-A dan pendekatan deskriptif kualitatif. Subjek penelitian adalah lima siswa tuna 
rungu kelas X SLBN Semarang. Teknik pengumpulan data meliputi observasi, wawancara, angket, 
dan tes. Hasil penelitian menunjukkan bahwa model PBL berbantuan GeoGebra Classroom efektif 
dalam meningkatkan kemampuan literasi matematika kognitif pada semua mata pelajaran dengan 
peningkatan skor sebesar 24; 11; 24; 23,5; dan 26 poin. Aspek afektif menunjukkan peningkatan pada 
rasa ingin tahu, ketelitian, tanggung jawab, pantang menyerah, semangat belajar, percaya diri, dan 
minat belajar. Aspek psikomotorik juga mengalami perkembangan terutama pada kemampuan 
menggunakan alat bantu dan menyelesaikan tugas mandiri. Respon subjek terhadap pembelajaran 
sangat positif dengan persentase masing-masing 90,90%; 95,45%; 86,36%; 97,72%; dan 88,63%. 
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Introduction 

Children with special needs have difficulty in the process of absorbing learning 

materials given by teachers (Riadin et al., 2017). According to Pradipta & Lesmana, 

(2021), the majority of deaf children only have a small vocabulary, have difficulty 

understanding sentence structure, and have difficulty understanding grammar. 

Difficulty in understanding mathematical concepts is also experienced by children 

with special needs (Anditiasari, 2020). Deaf children have difficulty distinguishing 

numbers, understanding symbols and abstract mathematical concepts (Damayanti 

et al., 2022). 

Mathematics is a branch of science that studies how to count, measure 

something with numbers, symbols, or quantities (Nasution, 2017). Mathematics 

needs to be taught from elementary, secondary, to higher education (Kho & Tyas, 

2020). Mathematics is still considered difficult by students, but on the other hand 

mathematics is very important to learn (Siregar & Restati, 2017). Mathematics has 

an important role in various aspects of life (Rosyidi, 2018). This is in line with the 

opinion of (Dwi Rahma Putri et al., 2022) who stated that mathematical knowledge 

is very important in everyday life. Therefore, all students must be able to 

understand and use mathematical concepts, including deaf children. 

One of the supports in learning mathematics is the learning model. One of the 

learning models is Problem Based Learning. Problem Based Learning is a learning 

model that confronts students with real-life problems that they experience and the 

problems presented are sourced from relevant daily life(Ejin, 2017). 

In addition to learning models, other supporting factors in mathematics learning 

are learning media. Learning media are anything that can be used as a means to 

convey messages and information on learning materials so that the learning process 

occurs (Mawardi, 2018). The use of learning media is very necessary in learning for 

children with special needs because learning media plays an important role in 

helping children with special needs understand the learning material (Tumanggor 

et al., 2023). 

Based on the opinion of Luh & Ekayani (2021), learning media can function to 

speed up the learning process and improve the quality of the teaching and learning 

process. It is hoped that the use of learning media can help teachers improve 

students' understanding of learning (Hasmawati et al., 2022). Learning media that 

can be used in mathematics learning is not only concrete learning media, but digital 

learning media can also be used to build understanding of mathematics 

(Khairunnisa & Ilmi, 2020). 
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One form of digital learning media is GeoGebra Classroom. Hohenwarter and 

Fuch in(Caron & Markusen, 2016) stated that GeoGebra is a versatile software to 

help the mathematics learning process in schools and colleges. GeoGebra features 

that can be used to support mathematics learning are GeoGebra Classroom. 

Based on the results of observations and interviews conducted at Sekolah Luar 

Biasa (SLB) Negeri Semarang, the learning implemented uses the Merdeka 

Curriculum for special education. The implementation of mathematics learning has 

not used digital learning media, but uses other media such as visual media, real or 

imitation objects, image media accompanied by captions, and how to explain it with 

sign language and lip language/lip movements. One of the challenges and 

difficulties in teaching children with special needs is teaching mathematics to deaf 

children because of the differences in abilities and characteristics of each child. 

The results of observations and interviews at SLB Negeri Semarang show that 

mathematics learning still relies on static visual media and has not used interactive 

digital media such as GeoGebra Classroom. Teachers deliver material through 

pictures, concrete objects, sign language, and lip movements. However, students' 

mathematical literacy skills are still low. Based on the results of students' work on 

geometry literacy questions, it is known that students have not been able to model 

problems, do not write important information, and have not been able to represent 

flat shapes correctly. The answers given also do not reflect a logical and systematic 

solution flow. 

This condition indicates the need for more innovative learning interventions that 

are in accordance with the characteristics of deaf students. The combination of the 

PBL model with the help of GeoGebra Classroom media is believed to be a solution 

to improve the understanding and mathematical literacy skills of deaf students. PBL 

encourages active involvement of students in solving problems, while GeoGebra 

supports the visualization of abstract concepts to be easier to understand. 

Thus, this study was conducted to test the effectiveness of the application of the 

Problem Based Learning model assisted by GeoGebra Classroom in improving the 

mathematical literacy skills of deaf students in geometry material. 

Research Methods 
 The research method used in this study is a mixed method. According to 

(Creswell, 2010), mixed method research is a research approach that combines 

qualitative research with quantitative approaches. The type of mixed method used 

in this study is sequential explanatory design, namely a research design that begins 

with collecting and analyzing quantitatively and then continues with collecting and 

analyzing qualitatively to help explain and strengthen the results of quantitative 

research. Both results of quantitative and qualitative data analysis are combined 

and then the research results are interpreted as a whole. This study uses a Single 

Subject Research design, namely a design with an A-B-A pattern. The design with 
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this pattern will show the cause and effect of the intervention on the dependent 

variable. The A-B-A design consists of the baseline-1 phase (A1), intervention (B), 

and baseline-2 phase (A2) which are each carried out on the same subject to measure 

the intervention's effect. 

Table 1. Research Design A1-B-A2 

Baseline-1 Intervention  Baseline-2 

       1       2       3                          4       5       6            7      8      9 

Description: 

• Baseline-1 (A1): Initial observation phase before any treatment/intervention. 

• Intervention (B): Implementation of Problem Based Learning assisted by 

GeoGebra Classroom. 

• Baseline-2 (A2): Observation phase after the intervention to assess its lasting 

effects. 

Baseline-1 Phase (A1) 

Duration: 3 meets 

• Students worked on mathematical literacy test items related to geometry 

without any treatment. 

• Researchers observed students' problem-solving behavior, including their 

ability to interpret problems, represent information, and communicate 

solutions. 

• This phase served as a reference point for comparison with later stages. 

Intervention Phase (B) 

Duration: 3 meets 

1. Students participated in learning using Problem Based Learning (PBL) assisted 

by GeoGebra Classroom. 

2. Activities followed the PBL syntax: 

1. Problem orientation 

2. Problem identification 

3. Data collection and analysis 

4. Solution generation 

5. Reflection 

3. GeoGebra Classroom was used to support visual exploration of geometric 

concepts such as shapes, measurements, and spatial relationships. Students 

manipulated objects, tested hypotheses, and presented their understanding in 

visual formats. 

Baseline-2 Phase (A2) 

Duration: 3 sessions 
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• Students again worked on mathematical literacy tasks without intervention (no 

PBL or GeoGebra). 

• Researchers observed whether improvements from the intervention phase were 

retained or regressed. 

• This phase aimed to determine the stability and sustainability of students’ 
mathematical literacy development. 

 The subjects in this study were deaf students in class X-B at SLB Negeri 

Semarang in the 2024/2025 academic year. Class X-B consists of 10 deaf students, 

but only 5 students were made the subjects of the study. The selection of subjects 

was carried out using a purposive sampling technique, namely the deliberate 

selection of subjects with certain considerations and based on recommendations 

from class teachers. These considerations include: stable attendance rates, adequate 

communication skills (both in sign language and writing), and readiness to follow 

all stages of the study. Five other students were not made the subjects of the study 

for several reasons, including: the presence of additional obstacles other than 

deafness that significantly affect cognitive abilities, unstable attendance rates, and 

time constraints in following the entire research process. However, the five students 

still participated in the same learning activities in class as part of the regular 

teaching and learning process. Treatment of students who were not made the 

subjects was still carried out equally, where they still had access to materials and 

teacher guidance in learning activities. The only distinction was made in the data 

collection and analysis process which focused on the five students who were the 

subjects of the study. The independent variable in this study is the implementation 

of Problem Based Learning assisted by GeoGebra Classroom. While the dependent 

variable in this study is the mathematical literacy skills of deaf students. Data 

collection techniques used in this study were tests, observations, interviews, and 

student response questionnaires. All instruments were validated using expert 

judgment involving: a mathematics education expert, a special needs education 

expert, and a senior special school mathematics teacher. These experts assessed the 

instruments based on content validity, relevance to deaf students' characteristics, 

clarity, readability, and alignment with the indicators of mathematical literacy. The 

instruments were revised based on their suggestions before being implemented. 

 Tests were used to collect data on students' mathematical literacy skills 

after learning using the Problem Based Learning model assisted by GeoGebra 

Classroom. Questionnaires were used to measure the responses of deaf students 

after implementing Problem Based Learning assisted by GeoGebra Classroom. 

Interviews in this study were conducted in an unstructured manner which was used 

to determine the effectiveness of the implementation of Problem Based Learning 

assisted by GeoGebra Classroom, as well as to confirm students' answers at 
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baseline-1, intervention, and baseline-. Documentation was used to obtain an 

overview of students' mathematical literacy skills and activities. The instruments 

used in this study consisted of a mathematical literacy ability test instrument, a 

student response questionnaire, and an interview guideline instrument.  

 The data analysis technique in this study consisted of quantitative data 

analysis and qualitative data analysis. Quantitative data analysis in this study used 

the Single Subject Research (SSR) method which consisted of analysis within 

conditions and analysis between conditions. The quantitative data analysis 

technique in this study aims to determine the effectiveness of the implementation 

of Problem Based Learning assisted by GeoGebra Classroom on the geometry 

material of deaf students in class X-B. Qualitative data analysis conducted in this 

study was during the implementation of the baseline-1, intervention, and baseline-

2 phase. Qualitative data analysis was conducted to describe mathematical literacy 

skills in geometry material for each phase, starting from data reduction, data 

presentation, data interpretation, and drawing conclusions. 

 

Results and discussion 

 

Table 2. Recapitulation of Results of In-Condition Analysis and Between 

Condition Analysis 

Subject Phase 

Trend 

Direction& 

Trajectory 

Stabilities 

(%) 

Stability 

Level and 

Range 

Level 

Change 
Overlap 

B-01 

A1 (+) 100% 28,625 -

35,975 

28 (+) - 

B (+) 100% 76,75 – 85,25 12 (+) 0% 

A2 (=) 100% 72,66 – 80,66 5 (+) - 

B-02 

A1 (+) 100% 45,6 – 56,4 39 (+) - 

B (+) 100% 80,225 – 

88,275 

2 (+) 0% 

A2 (=) 100% 75,85 – 84,15 6 (+) - 

B-03 

A1 (+) 100% 34,13 – 42,53 33 (+) - 

B (+) 100% 78,08 – 86,58 5 (+) 0% 

A2 (=) 100% 69,15 – 80,85 3 (+) - 

B-04 

A1 (+) 100% 44,512 – 

54,487 

32,5 (+) - 

B (+) 100% 88,33 – 98,33 10 (+) 0% 

A2 (=) 100% 80,08 – 88,58 2 (-) - 

B-05 
A1 (+) 100% 37,905 – 

46,755 

45 (+) - 
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Subject Phase 

Trend 

Direction& 

Trajectory 

Stabilities 

(%) 

Stability 

Level and 

Range 

Level 

Change 
Overlap 

B (+) 100% 82,83 – 91,83 5 (+) 0% 

A2 (=) 100% 73,66 – 81,66 2 (-) - 

 

Table 2 presents a recapitulation of the results of in-condition and between-

condition analysis for five research subjects (B-01 to B-05), across three phases: the 

first baseline (A1), intervention (B), and the second baseline or maintenance phase 

(A2). Overall, the findings indicate that the Problem Based Learning (PBL) model 

assisted by GeoGebra Classroom is effective in improving the mathematical 

literacy abilities of deaf students. This effectiveness is demonstrated through 

several key indicators, including trend direction, data stability, level changes, and 

the percentage of data overlap between phases. 

All subjects showed a positive trend (+) from phase A1 to B, indicating a 

clear improvement in performance following the implementation of the 

intervention. In the maintenance phase (A2), the trend remained stable (=), 

suggesting that the students were able to maintain the learning gains they had 

achieved during the intervention phase. In addition, the data for all subjects in every 

phase exhibited 100% stability, meaning that all data points fell within a defined 

stability range. This high stability indicates that student performance remained 

consistent throughout each phase. It also reflects that the learning process using this 

approach produced reliable and consistent outcomes, even for students with 

hearing impairments. 

The level change between phases A1 and B shows a consistent increase across 

all participants. For example, subject B-01 experienced a level increase of +12, while 

subject B-05 showed an increase of +9. Notably, other subjects such as B-02 and B-

04 recorded even higher increases, at +34.75 and +43.75, respectively. These findings 

clearly show that there was a significant improvement in students’ mathematical 
literacy skills following the intervention. 

Although some subjects experienced slight decreases in level during the 

maintenance phase (e.g., B-05 with a change of -2), the scores remained within a 

relatively high range and close to the scores achieved during the intervention phase. 

This suggests that the skills acquired during the intervention were not lost, and the 

students were able to retain their learning even after the intervention was 

withdrawn. This supports the notion that the PBL model assisted by GeoGebra has 

lasting impacts on students’ mathematical literacy development. 
The stability range in phase A1 illustrates the low initial performance of the 

students. For example, B-03 had a stability range of 34.13–42.53, and B-05 had a 

range of 37.91–46.76. However, after the intervention, these ranges increased 
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significantly. For instance, B-03's range increased to 78.08–86.58, and B-05's range 

increased to 82.83–91.83. 

These increases not only reflect higher scores but also show that students 

developed a deeper and more consistent understanding of mathematical content, 

particularly in the aspects of mathematical literacy which involve the ability to 

understand, formulate, apply, and interpret mathematics in various contexts. In this 

case, the integration of GeoGebra Classroom played an important role in enabling 

visual representations, exploration of geometric concepts, and interactive learning, 

which helped overcome communication barriers experienced by deaf students. 

One of the critical indicators to measure intervention effectiveness is the 

percentage of data overlap between phases A1 and B. The table shows that all 

participants had an overlap percentage of 0%, which means that none of the 

intervention-phase data overlapped with the baseline data. This complete lack of 

overlap provides strong evidence that the observed performance improvement was 

not due to random fluctuation or natural learning progression, but was solely the 

result of the intervention—in this case, the PBL model assisted by GeoGebra 

Classroom. 

Moreover, this effectiveness is not only evident in the cognitive domain, but 

also in the affective and psychomotor domains, which are equally essential for 

comprehensive learning in students with special needs. In addition to cognitive 

gains, qualitative observations and student reflections during the intervention 

phase revealed substantial improvements in the affective domain, particularly in 

areas such as motivation, confidence, interest in learning mathematics, and 

emotional engagement with the content. The PBL approach, with its emphasis on 

contextual and problem-oriented tasks, encouraged students to actively participate 

in discussions, make decisions, and engage in collaborative group activities. 

GeoGebra Classroom, with its visual and interactive features, made mathematical 

problems more concrete and accessible, particularly important for deaf students 

who benefit greatly from visual stimuli. 

As a result, students showed increased enthusiasm and enjoyment in 

mathematics lessons. Many began to express their ideas more freely through sign 

language or written communication, and their willingness to try solving problems 

independently also increased. These behavioral indicators reflect positive affective 

responses. 

The psychomotor domain was equally impacted through the hands-on use 

of GeoGebra tools during learning activities. Students were guided to manipulate 

geometric objects, adjust measurements, and explore mathematical patterns using 

their hands and visual perception, enabling them to learn by doing. This tactile and 

interactive involvement not only strengthened understanding but also allowed deaf 

students to develop skills in using mathematical technology tools, which are part 
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of 21st-century learning competencies. Their ability to navigate GeoGebra 

interfaces, construct geometric models, and apply those tools to solve real problems 

reflects a positive improvement in psychomotor performance related to 

mathematical tasks. 

Furthermore, repeated practice using visual-spatial reasoning tasks (e.g., 

dragging, measuring, rotating objects) contributed to the development of fine 

motor skills relevant in digital learning environments. Observations indicated that 

students became more fluent and independent in utilizing the software as the 

intervention progressed. 

Another strong indicator of intervention effectiveness is the 0% overlap 

between the data ranges of A1 and B phases across all subjects. This suggests that 

the increase in mathematical performance was not the result of random fluctuations 

or natural development, but a direct consequence of the PBL and GeoGebra-based 

intervention. 

In light of the evidence presented in Table 2, it can be concluded that the 

Problem Based Learning model assisted by GeoGebra Classroom is highly effective 

in improving the mathematical literacy abilities of deaf students across cognitive, 

affective, and psychomotor domains. This is supported by clear performance 

trends, consistent stability, meaningful level changes, enthusiastic learner 

responses, and observed increases in tool-based interaction skills. Thus, this model 

offers a promising direction for mathematics instruction in inclusive and special 

education settings, with the potential for broader application in diverse learning 

environments. 

Conclusion 

Based on the results and discussion on the effectiveness of Problem Based 

Learning model assisted by GeoGebra Classroom to improve the mathematical 

literacy skills of deaf students on geometry material, the following conclusions are 

obtained. 

1. The Problem Based Learning model assisted by GeoGebra Classroom has 

proven effective in improving the mathematical literacy skills of deaf students, 

as indicated by cognitive, affective, and psychomotor aspects. In the cognitive 

domain, all subjects showed an increase in test scores related to understanding 

the perimeter of triangles, squares, and rectangles. This improvement was 

supported by active student involvement and highly positive responses, with 

three subjects giving very positive responses and two others giving positive 

responses. 

2. From a mathematical literacy perspective, all students achieved excellent 

performance in six out of seven indicators, including presenting problems, 
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mathematical modeling, interpreting representations, logical thinking, using 

tools, and understanding symbolic expressions. The indicator of selecting and 

applying problem-solving strategies was achieved in the good category. In 

addition, positive dispositions such as curiosity, perseverance, responsibility, 

enthusiasm, and self-confidence were also observed, indicating that the learning 

model not only improved academic skills but also fostered meaningful 

mathematical behavior in deaf students. 

Suggestion 

Based on the research conclusions above, the following suggestions can be made. 

1. The Problem Based Learning model assisted by GeoGebra Classroom is an 

alternative in improving students' mathematical literacy skills according to their 

needs and characteristics so that it can be used in learning. 

2. Future research is expected to further examine the effectiveness of the Problem 

Based Learning model assisted by GeoGebra Classroom on other mathematical 

abilities. 

3. Further research is expected to be conducted at different levels of education or 

in the context of more diverse materials, in order to see the consistency and 

generalization of the effectiveness of the Problem Based Learning model assisted 

by GeoGebra Classroom. 
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