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ABSTRAK

Yosy Candraningsih (2025). Peningkatan Kemampuan Komunikasi Matematis
Siswa SMP dengan Model Problem-Based Learning Berbantuan Artificial
Intelligence Ditinjau dari Adversity Quotient.

Penelitian ini mengkaji tentang pencapaian dan peningkatan kemampuan
komunikasi matematis antara siswa yang memperoleh model Problem-Based
Learing berbantuan Artificial Intelligence dan siswa yang memperoleh model
Problem-Based Learing tanpa bantuan Artificial Intelligence ditinjau dari Adversity
Quotient. Penelitian ini merupakan penelitian quasi experimental design dengan
pretest-posttest control group. Populasi dalam penelitian ini merupakan siswa kelas
VIII di salah satu SMP Negeri di Kabupaten Bogor. Sampel penelitian dipilih
dengan teknik purposive sampling yang hasilnya diperoleh kelas VIII.3 sebagai
kelas eksperimen dan kelas VIIL.2 sebagai kelas kontrol. Teknik analisis data yang
digunakan berupa uji-t dua sampel independent untuk menguji nilai pretest, uji
ANOVA dua jalur dan uji post hoc untuk menguji nilai posttest dan nilai gain
ternormalisasi. Hasil penelitian menunjukkan bahwa: (1) terdapat perbedaan
pencapaian kemampuan komunikasi matematis antara siswa yang memperoleh
model Problem-based Learning berbantuan Artificial Intelligence dibandingkan
dengan siswa yang memperoleh model Problem-based Learning tanpa bantuan
Artificial Intelligence; (2) terdapat perbedaan pencapaian kemampuan komunikasi
matematis antara siswa dengan kategori Adversity Quotient quitters-campers,
campers, dan campers-climbers; (3) tidak terdapat pengaruh interaksi antara faktor
model pembelajaran dan faktor Adversity Quotient terhadap pencapaian
kemampuan komunikasi matematis siswa; (4) terdapat perbedaan peningkatan
kemampuan komunikasi matematis antara siswa yang memperoleh model Problem-
based Learning berbantuan Artificial Intelligence dibandingkan dengan siswa yang
memperoleh model Problem-based Learning tanpa bantuan Artificial Intelligence;
(5) terdapat perbedaan peningkatan kemampuan komunikasi matematis antara
siswa dengan kategori Adversity Quotient quitters-campers, campers, dan campers-
climbers); (6) tidak terdapat pengaruh interaksi antara faktor model pembelajaran
dan faktor Adversity Quotient terhadap peningkatan kemampuan komunikasi
matematis siswa; (7) siswa pada kelas PBL-AI menunjukkan rata-rata pencapaian
dan peningkatan kemampuan komunikasi matematis yang lebih tinggi
dibandingkan kelas PBL-TBAI, dengan kecenderungan hasil terbaik pada siswa
dengan Adversity Quotient kategori Campers—Climbers.

Kata kunci: Adversity Quotient, Artificial Intelligence, Kemampuan Komunikasi
Matematis, Model Problem-Based Learning.
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ABSTRACT

Yosy Candraningsih (2025). Improving Students’ Mathematical Communication
Skills through Al-Assisted Problem-Based Learning Based on Adversity Quotient.

This study investigates the effects of Artificial Intelligence-assisted Problem-Based
Learning (AI-PBL) on junior high school students’ mathematical communication
skills, viewed from the perspective of Adversity Quotient (AQ). A quasi-
experimental design with a pretest-posttest control group was employed. The
participants were eighth-grade students from a public junior high school in Bogor
Regency, Indonesia. Samples were selected using purposive sampling, with class
VIIL3 assigned as the experimental group and class VIIL.2 as the control group.
Data were analyzed using an independent samples t-test for pretest results, two-way
ANOVA, and post hoc tests for posttest and normalized gain scores. The findings
reveal that: (1) there is a significant difference in the achievement of mathematical
communication skills between students who received Artificial Intelligence-
assisted Problem-Based Learning and those who received Problem-Based Learning
without Artificial Intelligence; (2) there is a significant difference in the
achievement of mathematical communication skills among students with different
Adversity Quotient categories (quitters-campers, campers, and campers-climbers);
(3) there is no significant interaction effect between learning model and Adversity
Quotient on students’ mathematical communication achievement; (4) there is a
significant difference in the improvement of mathematical communication skills
between students who received Artificial Intelligence-assisted Problem-Based
Learning and those who received Problem-Based Learning without Artificial
Intelligence; (5) there is a significant difference in the improvement of
mathematical communication skills among students with different Adversity
Quotient categories (quitters-campers, campers, and campers-climbers); and (6)
there is no significant interaction effect between learning model and Adversity
Quotient on the improvement of students’ mathematical communication skills; (7)
students in the PBL-AI class demonstrated higher average achievement and
improvement in mathematical communication skills compared to those in the PBL-
TBALI class, with the best results shown by students in the Campers—Climbers
Adversity Quotient category.

Keyword:  Adversity  Quotient, Artificial Intelligence, = Mathematical
Communication Skills, Problem-Based Learning.

viii



DAFTAR ISI

LEMBAR HAK CIPTA ......c..ooiiioieeeeee ettt i
LEMBAR PENGESAHAN ..ottt il
PERNYATAAN BEBAS PLAGIARISME ........cccooooiiiiiiiinieiieceeseeeen il
KATA PENGANTAR ..ottt st v
UCAPAN TERIMA KASITH ........ooiiiiieeeeeee ettt \
ABSTRAK ...ttt sttt re e ne e vii
ABSTRACT ...ttt ettt te e s seeseesaenseensesnaens viii
DAFTAR IS ...ttt ettt sae e ix
DAFTAR TABEL .......ooiiiiiiieee et xii
DAFTAR GAMBAR ..ottt Xiii
DAFTAR LAMPIRAN .....oooiiiiieeeeeee ettt Xiv
BAB I PENDAHULUAN ......ooooiitiitteeet ettt 1
1.1 Latar Belakang Masalah............ccccooiiiiiiiiiniiieee e 1
1.2 Rumusan Masalah Penelitian ............coccoeiiiiiiiniiiiiiiniieceeeeee 8
1.3 Tujuan dan Manfaat Penelitian ..........ccccooceeviniininiiniinencncceceee, 9
1.3.1  Tujuan Penelitian..........ccccueeeiieeeiiieiiieecieceee e 9
1.3.2  Manfaat Penelitian ........c.cccoooueeiiiniiiiiiiiieicece e 9
BAB II KAJTAN TEORI ......oooiiiiiiiiiteeee e 11
2.1 Kemampuan Komunikasi Matematis............coceeverienienenicneenienecnene 11
2.2 AAVersity QUOLIENLE .............cccueeeeueeeeieeesieeesieeeieeesiseeesseeesseeenseesnnseeens 15
2.3 Model Problem-based Learning ..............ccccoeevueeeeeeeeceeesceveeneeesnreeennns 18
2.4 Artificial INtelligence ...............cccooeveeveeviiineniiniiniiiineeeeeeeeeee, 20
2.5 Penelitian yang Relevan..........c.ccoceviiiiniiiiiiiniincececcicccs 22
2.6 Definisi Operasional Penelitian...........cccccceeevvieeciiiniieeniie e, 24
2.6.1 Model Problem-based Learning ................ccooeeevueeecueeenceeenirneenneans 24
2.6.2 Kemampuan Komunikasi Matematis...........ccceveruereenenieneenennenn 24
2.6.3  Adversity QUOLIENL ...........cccecueeeueeeiieieeieete ettt 24
2.6.4  Artificial INtElliGeNCe ..............oooeeueeeeuieeeiieeieeecieeeeeeeiee e 25

2.7 Kerangka BerpiKir.........cccvieiiiiiiiieeiie e 25

1X



2.8 Hipotesis Penelitian...........cccveeieeiieiiieiieeieecece et 26

BAB III METODE PENELITIAN .....oocoiiiiiiiiiiieeeee e 28
3.1 Desain Penelitian..........cocooiiiiiiiiiiiiieieeee e 28
3.2 Variabel Penelitian ..........ccoooiiiiiiiiiiiiiieiceee e 28
33 Populasi dan Sampel Penelitian ...........ccccoeevievieniiinienieeieeieeiee 29
34 Teknik Pengumpulan Data dan Instrumen Penelitian ........................... 29

34.1 Tes Kemampuan Komunikasi Matematis ..........c.cceeeveeeeveeenieeennneenns 29
3.4.2  Angket Adversity QUOLIENT ...........ccoccueeveeeeiaiieeiiesie e 33
3.4.3  Lembar ODSEIVAST ..cc..evierierieriieieeiesiteie ettt 34
3.5 Prosedur Penelitian...........ccccoeieviiiiieniiniieieiieeeesceeee e 34
3.5.1  Tahap Persiapan ........cccccceeeeiieeeiie et 34
3.5.2 Tahap Pelaksanaan ............ccccceeeviiiriiiiiiie e 35
3.5.3 Tahap Analisis Data.........c.ccccueeiiiiieiiieiieeieccieeie e 35
3.5.4 Tahap Penarikan Kesimpulan............ccccoceeviiiniinniienieeieeniecieeeen 35
3.6 Teknik Analisis Data ........ccoceeiiiiiiiiiiiiiee e 35
3.6.1  UJi Prasyarat........coccooeeieiieriinieieeieniecieeeesteeeee et 36
3.6.2  UJ1 HIPOLESIS .eveeeuiieieiiieiiieeeiie ettt eeree e e st e seveeeeaeeens 37

BAB IV HASIL PENELITTAN ......ooiiiiiieeee et 38
4.1 Analisis Data Pretest Kemampuan Komunikasi Matematis Siswa ...... 39
4.2 Analisis Data Posttest Kemampuan Komunikasi Matematis Siswa..... 42

4.3 Analisis Data Gain Ternormalisasi Kemampuan Komunikasi Matematis
Siswa 47
4.4 Analisis  Deskriptif Pencapaian dan Peningkatan Kemampuan

Komunikasi Matematis Perindikator Berdasarkan Model Pembelajaran dan

AAVErSity QUOLIEIE ..........oveeeeieeeiiieeeieeeeieeesteeeeaeeseaeeesaeeesseeessseessseesnssessnsseeens 52
BAB VPEMBAHASAN ..ottt 57
5.1 Pencapaian Kemampuan Komunikasi Matematis Siswa Berdasarkan
Model Pembelajaran............ccooceieiiiiiiiiiieniieeee et 60

52 Pencapaian Kemampuan Komunikasi Matematis Siswa Berdasarkan

AAVErSity QUOLIENE ...........veeeeeeeiiieeeieeeiieeesieeeeteeeeaeeesaeeesseeessseessseeensseeensseeans 62



53 Interaksi Faktor Model Pembelajaran dan Adversity Quotient terhadap
Pencapaian Kemampuan Komunikasi Matematis SiSwa ........c.ccccceeveeneenennnene 66
5.4 Peningkatan Kemampuan Komunikasi Matematis Siswa Berdasarkan
Model Pembelajaran...........ccccueeeeieieiiiieeiiieeiecee e 66
55 Peningkatan Kemampuan Komunikasi Matematis Siswa Berdasarkan
AAVEFSItY QUOTIENL ... eieeee ettt ettt sae et aeebeesaaeebeesaaeenne 68
5.6 Interaksi Faktor Model Pembelajaran dan Adversity Quotient terhadap
Peningkatan Kemampuan Komunikasi Matematis Siswa.........cccceeceereencnnnene 71
5.7  Deskriptif Pencapaian dan Peningkatan Kemampuan Komunikasi

Matematis Siswa pada Setiap Indikator Berdasarkan Model Pembelajaran dan

AAVErsity QUOLIEME ..........c.uveeeueeeeiieeecieeeeciteeecee et e saeeesreeesveeesaseeerseeensseesneeas 72
BAB VI PENUTUP ...ttt e e et e e e a e e e 76
6.1, KeSIMPUIAN ....ooiiiiiiiiiccce e 76
0.2, SATAN..cuiiiiiiiiiie et 77
DAFTAR PUSTAKA ... ...ttt ee e et e e e e e e e snnaaeeeenns 78
LAMPIRAN . ...ttt e e e e e e et e e e s esbaeeeesnnsaaeeennnees 91

X1



DAFTAR TABEL

Tabel 2.1 1. Indikator Kemampuan Komunikasi Matematis Secara Tulisan........ 13
Tabel 2.2 1. Pengkategorian Adversity QUOLIENL ............ccceeeueeeveeeeeniieeirieareeenens 18
Tabel 3.4.1 1. Kriteria Keputusan Uji Validitas ..........cccoeceveviienieniienieeienieeieene 30
Tabel 3.4.1 2. Kriteria Keputusan Uji Reliabilitas.........c.ccooveeeciiinciieiniiecieee, 31
Tabel 3.4.1 3. Kriteria Keputusan Uji Daya Pembeda..............ccccevvviiinieninnenne. 31
Tabel 3.4.1 4. Kriteria Keputusan Uji Indeks Kesukaran .............cccoecveevviennennnnens 32
Tabel 4.1. 1. Rekapitulasi Data Prefest ........ccueecveeeeeeciienieeiiiesieeeieeseeeveesveeaeens 39
Tabel 4.1. 2. Hasil Uji Normalitas Data Prefest...........cccoceeverveeneeninncnecncnnnn. 40
Tabel 4.1. 3. Hasil Uji Homogenitas Data Prefest ...........ccccccccvvueneevenccnecnennne. 41
Tabel 4.1. 4. Hasil Uji-t Dua Sampel Independen Data Pretest................ccuu....... 41
Tabel 4.2. 1. Rekapitulasi Data POSIIESt........cc.cccuveeveeciieniieiieiieeeieeeeeeveesve e 42
Tabel 4.2. 2. Data Posttest Berdasarkan Adversity Quotient..................c.cceuvee.... 43
Tabel 4.2. 3. Hasil Uji Normalitas Data POSHeSt ..........ccccoveevercieneiniecinicennne. 44
Tabel 4.2. 4. Hasil Uji Homogenitas Data PoSttest..........ccecveveveeeeenceeenreenneennns 44
Tabel 4.2. 5. Hasil Uji ANOVA Dua Arah Nilai Posttest.........cccceeveeeeecueeenunnnne. 46
Tabel 4.2. 6. Hasil Uji Post Hoc Nilai PoStest .........ccooveveevinciineniiiiineccnne. 47
Tabel 4.3. 1. Rekapitulasi Hasil Uji Gain Ternormalisasi.......c..ccccceveeveneenicnnnene. 47
Tabel 4.3. 2. Data Gain Ternormalisasi Berdasarkan Adversity Quotient............. 48
Tabel 4.3. 3. Hasil Uji Normalitas Data Gain Ternormalisasi............cccccveeeuvennnee. 49
Tabel 4.3. 4. Hasil Uji Homogenitas Data Gain Ternormalisasi..............ccccueeueen. 50
Tabel 4.3. 5. Hasil Uji ANOVA Dua Arah Data Gain Ternormalisasi .................. 51
Tabel 4.3. 6. Hasil Uji Post Hoc Data Gain Ternormalisasi..........ccccceeeveeeuvennee. 52

Tabel 4.4. 1. Data Pencapaian Kemampuan Komunikasi Matematis Perindikator
Berdasarkan Kelas dan AQ ........ccoviiiiiiiiiieieeeeeee e 53
Tabel 4.4. 2. Data Peningkatan Kemampuan Komunikasi Matematis Perindikator

Berdasarkan Kelas dan AQ ......ccueeiiioiiiii e 55

Xii



DAFTAR GAMBAR

Gambar 1. 1. Skor PISA Matematika Indonesia ..........c.cceccevveveenenienienenieneeens 3
Gambar 1. 2. Soal Kemampuan Komunikasi Matematis..........c.ccoceeeeveerreeiieennnnne 4
Gambar 1. 3. Jawaban SISWa .........ccceviiriiienienieeieeeneee et 4
Gambar 2.4. 1. Wolfram AIDRG.............cccueeeeeeeeeiieeieeeeeecee e 21
Gambar 2.7 1. Kerangka BerpiKir.........cccvveiiiieiiiieiieeieeeeeeeee e 26
Gambar 3. 1. Pretest-posttest Control Group DeSign ..............cceeeveeceeecreencueennnens 28
Gambar 4.1. 1. Sebaran Nilai Pretest Kemampuan Komunikasi Matematis........ 40
Gambar 4.2. 1. Sebaran Nilai Posttest Kemampuan Komunikasi Matematis ...... 43
Gambar 4.3. 1. Sebaran Nilai Gain Ternormalisasi...........cceceeveeriieniieeneenienieens 48
Gambar 4.4. 1. Sebaran Skor Perindikator Kelas PBL-AlL.........ccccoccvviiinieniennene. 54
Gambar 4.4. 2. Sebaran Skor Perindikator Kelas PBL-TBAL.......cccccccccvieiennne. 54

xiil



DAFTAR LAMPIRAN

Lampiran 1. 1. Perangkat Pembelajaran Kelas Eksperimen ..........c..ccccccoeeiennnene. 92
Lampiran 1. 2 Perangkat Pembelajaran Kelas Kontrol..........ccccoceviiiinincnnn. 129
Lampiran 1. 3 Kesulitan Siswa dalam Pembelajaran...........c...ccccoceevvenirenennen. 166
Lampiran 1. 4 Lembar Kerja Peserta DidiK ...........cccoveeeciiiniiiiiieeiieeee e, 170
Lampiran 1. 5 Media Pembelajaran (PPT)........ccccooovvieeiiiiiiiee e 184
Lampiran 1. 6 Bahan AjJar..........cccoecieiiiiiieiieeieeieceeeeeee e 191
Lampiran 1. 7 Brosur Bahan Ajar..........cccccoeeiieiiieiieniieiecieeeece e 200
Lampiran 1. 8 Tiket Partisipasi AKtif.........cccouveeiiiieiiiieieeceeeee e 202
Lampiran 2. 1 Kisi-kisi Tes Kemampuan Komunikasi Matematis ..................... 203

Lampiran 2. 2 Soal Tes Kemampuan Komunikasi Matematis Sebelum Revisi.. 205
Lampiran 2. 3 Soal Tes Kemampuan Komunikasi Matematis Setelah Revisi.... 207

Lampiran 2. 4 Soal Tes Kemampuan Komunikasi Matematis Setelah Uji Coba 209

Lampiran 2. 5 Rubrik Penilaian Kemampuan Komunikasi Matematis .............. 210
Lampiran 2. 6 Kisi-kisi Angket Adversity Quotient.............cccccoueeeueeevencurenunennnn. 212
Lampiran 2. 7 Angket Adversity QUOLIENT .............cccueeeeeeeecieeeciieeeiieeeiee e 213
Lampiran 2. 8 Lembar Observasi Kegiatan SiSwa..........cccceveevenieneencnicneenens 217
Lampiran 2. 9 Lembar Observasi Kegiatan GuIu...........ccceveevinieneinenicneenns 219
Lampiran 2. 10 Hasil Lembar Observasi Guru dan SiSwa.........c.cccecveeerveeennennne 221
Lampiran 2. 11 Hasil Validasi Ahli Instrumen Tes........ccccccooeeiiiniiniiinienneenne. 249
Lampiran 2. 12 Hasil Validasi Ahli Instrumen Non-Tes ........ccccccceveeveniinennns 253
Lampiran 3. 1 Distribusi Nilai Uji Coba Tes Kemampuan Komunikasi Matematis
............................................................................................................................. 255
Lampiran 3. 2 Perhitungan Validitas dan Reliabilitas Soal Uji Coba.................. 256

Lampiran 3. 3 Perhitungan Daya Pembeda dan Indeks Kesukaran Soal Uji Coba

Lampiran 4. 1 Data Pretest, Posttest, Gain Ternormalisasi, dan Angket Kelas
EKSPETIMEN......eiiiiiiieiie ettt et e e b e e e aaeeenneeeeseeens 259
Lampiran 4. 2 Data Pretest, Posttest, Gain Ternormalisasi, dan Angket Kelas

KONITOL .. 260

Xiv



Lampiran 4. 3 Analisis Data Pretest, Posttest, dan Gain Ternormalisasi............ 261

Lampiran 4. 4 Surat [zin Penelitian...........cccocoeeeviieiiiniieiieeieeece e 266
Lampiran 4. 5 Surat Balasan Penelitian .............ccccooovvieeiiiiniiecieeee e 267
Lampiran 4. 6 Dokumentasi Penelitian.............cccceeviieiiiieeiciieeniie e 268

XV



DAFTAR PUSTAKA

Adiningsih, R., Walida, S. E., & Hasana, S. N. (2022). Analisis Kemampuan
Koneksi Matematis Peserta Didik Ditinjau dari Adversity Quotient pada
Materi Sistem Persamaan Linier Dua Variabel Kelas VIII. JP3: Jurnal
Penelitian, Pendidikan, dan Pembelajaran, 17(7).

Ahmad, S. F., Rahmat, Mohd. K., Mubarik, M. S., Alam, M. M., & Hyder, S. L.
(2021). Artificial Intelligence and Its Role in Education. Sustainability,
13(22), 12902. https://doi.org/10.3390/su132212902

Alashwal, H. A., & Barham, A. 1. (2025). Sustaining problem-based learning: A
mixed-methods exploration of its long-term effects on primary students’

mathematical problem solving. Social Sciences & Humanities Open, 12,
101717. https://doi.org/10.1016/j.ssah0.2025.101717

Anggraeni, N. S., & Sundayana, R. (2021). Kemampuan Komunikasi Matematis
Siswa dengan Pembelajaran Kooperatif Tipe Group Investigation dan Team
Quiz Ditinjau dari Kemandirian Belajar. Plusminus: Jurnal Pendidikan
Matematika, 1(3), 469—480. https://doi.org/10.31980/plusminus.v1i3.1459

Anggraini, T. W., & Mahmudi, A. (2021). Exploring the students’ adversity quotient
in online mathematics learning during the Covid-19 pandemic.
JRAMathEdu (Journal of Research and Advances in Mathematics
Education), 6(3), 221-238.
https://doi.org/10.23917/jramathedu.v6i3.13617

Angraini, L. M., & Hardi, V. A. (2023). The Effect of Interactive Multimedia Based
Learning on Students’ Mathematical Communication Ability. Jurnal
Paedagogy, 10(1), 167-174. https://doi.org/10.33394/jp.v10i1.5622

Anisa, Y., Fahruza, R., & Hafiz, M. (2023). Students’ Mathematical
Communication Skills in Mathematics Learning. International Journal of

Innovative Research in Computer Science and Technology, 11(6), 39-43.
https://doi.org/10.55524/1jircst.2023.11.6.7

Aprilia, A., & Fitriana, D. N. (2022). Mindset Awal Siswa terhadap Pembelajaran
Matematika yang Sulit dan Menakutkan. PEDIR: Journal Elmentary
Education, 1(2), 28—40.

Ardianti, R., Sujarwanto, E., & Surahman, E. (2022). Problem-based Learning: Apa
dan Bagaimana. DIFFRACTION: Journal for Physics Education and
Applied Physics, 3(1), 27-35.
https://doi.org/10.37058/diffraction.v3il.4416

78
Yosy Candraningsih, 2025
PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



79

Argianti, A., & Andayani, S. (2021). Keefektifan pendekatan STEM berbantuan
Wolfram Alpha pada pembelajaran matematika ditinjau dari motivasi dan
kemandirian belajar. Jurnal Riset Pendidikan Matematika, 8(2), 217-230.
https://doi.org/10.21831/jrpm.v8i2.35263

Arina, J., & Nuraeni, R. (2022). Kemampuan Komunikasi Matematis Siswa Kelas
X SMK di Ponpes Nurul Huda. Plusminus: Jurnal Pendidikan Matematika,
2(2). https://doi.org/10.31980/plusminus.v2i2.1877

A.Rofiq, R. U. K. (2022). Pengaruh Model Pembelajaran Hybrid Learning dan
Blended Learning terhadap Kemampuan Komunikasi Matematis Ditinjau
dari Adversity Quotient (AQ) [Skripsi Program Sarjana]. Universitas
Pendidikan Indonesia.

Ati, T. P., & Setiawan, Y. (2020). Efektivitas Problem Based Learning-Problem
Solving Terhadap Kemampuan Berpikir Kritis dalam Pembelajaran
Matematika Siswa Kelas V. Jurnal Cendekia: Jurnal Pendidikan
Matematika, 4(1), 294-303. https://doi.org/10.31004/cendekia.v4i1.209

Bartolome, M. T., Curugan, A. A. M., & Cordova, W. (2025). Early childhood pre-
service teachers’ adversity quotient and academic performance. Southeast
Asia Early Childhood Journal, 14(1), 1-17.
https://doi.org/10.37134/saecj.vol14.1.1.2025

Boom-Carcamo, E., Buelvas-Gutiérrez, L., Acosta-Onate, L., & Boom-Carcamo,
D. (2024). Gamification and problem-based learning (PBL): Development
of creativity in the teaching-learning process of mathematics in university
students. Thinking  Skills and  Creativity, 53, 101614.
https://doi.org/10.1016/j.tsc.2024.101614

Cahyadi, H. & Susanah. (2025). Mathematical Communication Skills of Senior
High School Student in Solving Mathematical Problem Based On Adversity
Quotient. MATHEdunesa, 14(1), 85-103.
https://doi.org/10.26740/mathedunesa.v14n1.p85-103x

Candraningsih, Y., Nurlaelah, E., & Dahlan, J. A. (2025). Relationship between
Mathematical Communication Ability and Adversity Quotient of Junior
High School Students. Pythagoras: Jurnal Pendidikan Matematika, In
Review.

Cepeda, F. J. D., & Acosta, R. D. S. (2014). Designing a Site to Embed and to
Interact with Wolfram Alpha Widgets in Math and Sciences Courses. 266—
270.

Chasanah, C., Riyadi, & Usodo, B. (2020). The Effectiveness of Learning Models
on Written Mathematical Communication Skills Viewed from Students’

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



80

Cognitive Styles. European Journal of Educational Research, 9(3), 979—
994. https://doi.org/10.12973/eu-jer.9.3.979

Chikiwa, C., & Schafer, M. (2019). Teachers’ Use of Verbal Language to Evoke
Visualizations in Multilingual Mathematics Classes. Perspectives in
Education, 37(2), 124-140.
http://dx.doi.org/10.18820/2519593X/pie.v3712.9

Davar, N. F., Dewan, M. A. A., & Zhang, X. (2025). Al Chatbots in Education:
Challenges and Opportunities. Information, 16(3), 235.
https://doi.org/10.3390/info16030235

DiNapoli, J., & Miller, E. K. (2022). Recognizing, supporting, and improving
student perseverance in mathematical problem-solving: The role of
conceptual thinking scaffolds. The Journal of Mathematical Behavior, 66,
100965. https://doi.org/10.1016/j.jmathb.2022.100965

Dockendorff, M., & Solar, H. (2018). ICT integration in mathematics initial teacher
training and its impact on visualization: The case of GeoGebra.
International Journal of Mathematical Education in Science and
Technology, 49(1), 66—84.
https://doi.org/10.1080/0020739X.2017.1341060

Efriyadi, D. & Nurhanurawati. (2021). Learning Motivation, Self-Regulated
Learning, and Mathematical Communication Skills Verbal and Written by
Students’ in Learning Mathematics During The Covid-19 Pandemic.
Kreano, Jurnal Matematika Kreatif-Inovatif, 12(2), 264-275.

Fahrani, R. N. (2023). Analisis Kemampuan Berpikir Kritis Matematis Siswa SMA
ditinjau dari Self-Efficacy dan Adversity Quotient [Tesis]. Universitas
Pendidikan Indonesia.

Fahrudin, F. A., Sa’dijah, C., Hidayanto, E., & Susanto, H. (2024). Student’s
Reversible Thinking Processes: An Analysis Based on Adversity Quotient
Type Climbers. Qualitative Research in FEducation, 13(1), 19-42.
https://doi.org/10.17583/qre.11964

Fauziah, M., Marmoah, S., Murwaningsih, T., & Saddhono, K. (2020). The Effect
of Thinking Actively in a Social Context and Creative Problem-Solving
Learning Models on Divergent-Thinking Skills Viewed from Adversity
Quotient. European Journal of Educational Research, 9(2), 537-568.
https://doi.org/10.12973/eu-jer.9.2.537

Fitrah, A., Yantoro, & Hayati, S. (2022). Strategi Guru dalam Pembelajaran Aktif
Melalui Pendekatan Saintifik dalam Mewujudkan Pembelajaran Abad 21.
Jurnal Basicedu, 6(2), 2943-2952.
https://doi.org/10.31004/basicedu.v6i2.2511

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



81

Ginting, S. S. B. (2024). The role of adversity quotient (AQ) for successful
mathematics learning. JPP (Jurnal Pendidikan Dan Pembelajaran), 31(2),
91-104. https://doi.org/10.17977/um047v31122024p91-104

Gradini, E., & Noviani, J. (2024). Students Profile of Adversity Quotient in
Mathematics Learning: Control, Origin and Ownership, Reach, and
Endurance. American Journal of STEM Education, 8, 84-104.
https://doi.org/10.32674/2y5p9359

Habibah, L. B., Ibrohim, I., & Susilo, H. (2025). The effect of Al-assisted problem-
oriented project-based learning on students’ critical thinking and
communication skills. JPBI (Jurnal Pendidikan Biologi Indonesia), 11(2),
656—668. https://doi.org/10.22219/jpbi.v11i

Hadaj, G. (2023). Emoji as a Means of Communication-Derivation from Use of
Albanian Language. ICRES: International Conference on Research in
Education and Science.

Hake, R. R. (1998). Interactive-engagement vs traditional methods: A six-
thousand- student survey of mechanics test data for introductory physics
courses. American Journal of Physics, 1-26.

Hamid, H., Zulkifli, K., Naimat, F., Yaacob, N. L. C., & Ng, K. W. (2023).
Exploratory study on student perception on the use of chat Al in process-

driven problem-based learning. Currents in Pharmacy Teaching and
Learning, 15(12), 1017-1025. https://doi.org/10.1016/j.cptl.2023.10.001

Handayani, M., Adna, S. F., & Rahmawati, F. (2023). Students’ Mathematical
Communication: The Effectiveness of Somatic, Auditory, Visual,
Intellectual Learning and Problem-Based Learning Model on Number
Pattern.  Journal of Instructional  Mathematics, 4(1), 1-12.
https://doi.org/10.37640/jim.v4i1.1615

Hanisah, H., & Noordyana, M. A. (2022). Kemampuan Komunikasi Matematis
Siswa pada Materi Penyajian Data di Desa Bojong. Plusminus: Jurnal
Pendidikan Matematika, 2(1), 131-140.
https://doi.org/10.31980/plusminus.v2il.1588

Harahap, M. S., Nasution, F. H., & Nasution, N. F. (2021). Efektivitas Pendekatan
Pembelajaran Science Technology Engineering Art Mathematic (STEAM)
terhadap Kemampuan Komunikasi Matematis. AKSIOMA: Jurnal Program
Studi Pendidikan Matematika, 10(2), 1053-1062.
https://doi.org/10.24127/ajpm.v10i2.3633

Hidayat, W., Wahyudin, W., & Prabawanto, S. (2018). The Mathematical
Argumentation Ability and Adversity Quotient (AQ) of Pre-Service

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



82

Mathematics Teacher. Journal on Mathematics Education, 9(2), 239-248.
https://doi.org/10.22342/jme.9.2.5385.239-248

Hulaikah, M., Degeng, I. N. S., Sulton, & Murwani, F. D. (2020). The Effect of
Experiential Learning and Adversity Quotient on Problem Solving Ability.
International Journal of  Instruction, 13(1), 869—884.
https://doi.org/10.29333/1j1.2020.13156a

Ismayanti, S., & Sofyan, D. (2021). Kemampuan Komunikasi Matematis Siswa
SMP Kelas VIII di Kampung Cigulawing. Jurnal Pendidikan Matematika,
1(1), 183—196.

Istigomah, S. N., Suyitno, H., & Safa’atullah, M. F. (2021). Mathematical Problem
Solving Ability of 8th Grade Students in Terms of Adversity Quotient Using
Discovery Learning. U/IME: UNNES Journal Of Mathematic Education,
10(2), 96—-106. https://doi.org/10.15294/ujme.v10i2.31699

Jannah, M., Apriandi, D., & Andari, T. (2024). Pengembangan Media Pembelajaran
Berbasis Google Site Interaktif untuk Meningkatkan Adversity Quotient
Matematis Siswa. AKSIOMA: Jurnal Program Studi Pendidikan
Matematika, 13(1), 293. https://doi.org/10.24127/ajpm.v1311.8330

Kikomelo, S., Gowele, J., & Mofi, H. (2025). Students’ Perceptions of Mathematics
Teachers’ Implementation of Problem-Based Learning Practices in
Tanzania. Journal of Advanced Academics, 36(2), 299-325.
https://doi.org/10.1177/1932202X241305582

Kurnia, L., Abdiassahirah, T., & Maemunah, S. (2024). Analisis Kesalahan Siswa
SMP dalam Menyelesaikan Soal Aritmatika Sosial Menggunakan Tahap
Kastolan. JPMI (Jurnal Pembelajaran Matematika Inovatif), 7(2), 357—
364. http://dx.doi.org/10.22460/infinity.v6il.234

Kusuma, F. H., Hadi, C., & Sulistyowati, M. E. (2023). Improving Student
Academic Resilience at Sman X Surabaya. Jurnal Layanan Masyarakat
(Journal of Public Services), 7(3), 448-455.
https://doi.org/10.20473/jlm.v713.2023.448-455

Kusumah, Y. S., Kustiawati, D., & Herman, T. (2020). The Effect of GeoGebra in
Three-Dimensional Geometry Learning on Students’ Mathematical
Communication Ability. International Journal of Instruction, 13(2), 895—
908. https://doi.org/10.29333/1j1.2020.13260a

La’ia, H. T., & Harefa, D. (2021). Hubungan Kemampuan Pemecahan Masalah
Matematis dengan Kemampuan Komunikasi Matematik Siswa. Aksara:
Jurnal Ilmu Pendidikan Nonformal, 7(2), 463.
https://doi.org/10.37905/aksara.7.2.463-474.2021

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



&3

Legg, S., & Hutter, M. (2007). A Collection of Definitions of Intelligence. Advances
in Artificial General Intelligence: Concepts, Architectures and Algorithms,
157.

Lestari, D. A., & Prayitno, L. L. (2025). PISA Problem-Solving of Students’
Mathematical Literacy in Adversity Quotient Perspective. Jurnal Riset
Pendidikan Dan Inovasi Pembelajaran Matematika (JRPIPM), 8(2), 128—
140. https://doi.org/10.26740/jrpipm.v8n2.p128-140

Lestari, K. E., & Yudhanegara, M. R. (2015). Penelitian Pendidikan Matematika.
Bandung: PT Refika Aditama.

Lusiana, R., Suprapto, E., & Sukristini. (2021). Efektivitas Problem Based Learning
(PBL) tehadap Prestasi Belajar Ditinjau dari Adversity Quotient (AQ).
Edumatica: Jurnal Pendidikan Matematika, 11(02).

Manoharan, M., & Kaur, B. (2022). Diagrams in Mathematics: What Do They
Represent and What Are They Used For? Mathematical Confluences and
Journeys (Proceedings of the 44th Annual Conference of the Mathematics
Education Research Group of  Australasia), 386—-393.
https://doi.org/10.1007/s10699-019-09583-x

Marniati, Jahring, & Jumriani. (2021). Analisis Kemampuan Komunikasi
Matematis Siswa dalam Memecahkan Masalah Berdasarkan Motivasi
Belajar Siswa. AKSIOMA: Jurnal Program Studi Pendidikan Matematika,
10(2), 880—890. https://doi.org/10.24127/ajpm.v10i2.3523

Masitoh, L. F., & Fitriyani, H. (2018). Improving students’ mathematics self-
efficacy through problem based learning. Malikussaleh Journal of
Mathematics Learning (MJML), 1(1), 26.
https://doi.org/10.29103/mjml.v1i1.679

Mohamed, M. Z. B., Hidayat, R., Suhaizi, N. N. B., Sabri, N. B. M., Mahmud, M.
K. H. B., & Baharuddin, S. N. B. (2022). Artificial intelligence in
mathematics education: A systematic literature review. [International
Electronic  Journal of Mathematics Education, 17(3), em0694.
https://doi.org/10.29333/iejme/12132

Monariska, E., Jusniani, N., & Sapitri, N. H. (2021). Kemampuan Komunikasi
Matematis Siswa SMP melalui Model Pembelajaran Kooperatif Tipe Match
Mine. PRISMA, 10(1), 130-140. https://doi.org/10.35194/jp.v10i1.1228

Mudrikah, A. (2016). Problem-Based Learning Associated by Action-Process-
Object-Schema (APOS) Theory to Enhance Students’ High Order

Mathematical Thinking Ability. International Journal of Research in
Education and Science, 2(1), 125—135. https://doi.org/10.21890/ijres.88952

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



84

Muhtarom, M., Pratiwi, A. D., & Murtianto, Y. H. (2021). Profile of Prospective
Teachers’ Mathematical Communication Ability Reviewed from Adversity
Quotient. Infinity Journal, 10(1), 93-108.
https://doi.org/10.22460/infinity.v10i1.p93-108

Muyassar, M. R., & Harahap, E. (2020). Pembelajaran Aritmatika Menggunakan
Aplikasi Wolfram Alpha. Jurnal Matematika, 19(2), 25-32.

Mz, Z. A., Risnawati, Nurdin, E., Azmi, M. P., & Andrian, D. (2021). The Increasing
of Math Adversity Quotient in Mathematics Cooperative Learning Through
Metacognitive. [International Journal of Instruction, 14(4), 841-856.
https://doi.org/10.29333/1j1.2021.14448a

Naimsamphao, P., & Katwibun, D. (2019). Investigation of 10th Grade Students’
Agency and Authority in a Mathematics Problem-Based Learning
Classroom. Mathematics Education Research:  Impacting Practice
(Proceedings of the 42nd Annual Conference of the Mathematics Education
Research Group of Australasia), 524-531.

Nashihah, U. H. (2020). Membangun Kemampuan Komunikasi Matematis Siswa
dengan Pendekatan Saintifik: Sebuah Perspektif. Jurnal Pendidikan
Matematika (Kudus), 3(2), 179-188.
https://doi.org/10.21043/jmtk.v3i2.7193

Nasri, E., Setiawan, T. H., Warianto, H., Aden, & Ilmadi. (2022). Faktor-faktor yang
Mempengaruhi Rendahnya Prestasi Belajar Ujian Matematika Siswa
dengan Menggunakan Metode Analisis Faktor. Jurnal Lebesgue : Jurnal
Ilmiah Pendidikan Matematika, Matematika dan Statistika, 3(1), 12-28.
https://doi.org/10.46306/1b.v311.64

Nasrudin, J. (2019). Metodologi Penelitian Pendidikan buku ajar praktis cara
membuat penelitian. Bandung: Pantera Publishing.

Ndiung, S., & Menggo, S. (2024). Problem-based learning analysis in strengthening
college students’ interpersonal communication skill. Journal of Education
and Learning (EduLearn), 18(4), 1350-1361.
https://doi.org/10.11591/edulearn.v18i4.21219

Nec“esal, P., & Pospisil, J. (2012). Experience with Teaching Mathematics for
Engineers with the Aid of Wolfram Alpha. Proceedings of the World
Congress on Engineering and Computer Science 2012, 1.

Nugraha, T., & Lestari, S. N. A. P. A. (2023). Pengaruh Model Pembelajaran
Problem-Based Learning (PBL) terhadap Hasil Belajar Skala Matematika
Siswa Kelas V. INVENTA, 7(2), 102-111.
https://doi.org/10.36456/inventa.7.2.a7873

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



85

Nurlaelah, A., Ilyas, M., & Nurdin. (2021). Pengaruh Adversity Quotient Terhadap
Kemampuan Pemecahan Masalah Matematis Siswa SD. Proximal: Jurnal
Penelitian Matematika dan Pendidikan Matematika, 4(2), 89-97.
https://doi.org/10.30605/proximal.v4i2.1367

Nurlaily, V. A., Soegiyanto, H., & Usodo, B. (2019). Elementary School Teacher’s
Obstacles in The Implementation of Problem-based Learning Model in
Mathematics Learning. Journal on Mathematics Education, 10(2), 229—
238. https://doi.org/10.22342/jme.10.2.5386.229-238

OECD. (2023). PISA 2022 Results (Volume 1): The State of Learning and Equity in
Education. Paris: OECD Publishing. https://doi.org/10.1787/53123881-en

OECD. (2024). Education GPS: Indonesia Student Performance (PISA 2022) (No.
13.15.17). http://gpseducation.oecd.org/

Opesemowo, O. A. G., & Ndlovu, M. (2024). Artificial intelligence in mathematics
education: The good, the bad, and the ugly. Journal of Pedagogical
Research, 8(3), 333-346. https://doi.org/10.33902/JPR.202426428

Oztaz, E. T., & Giiclii, N. T. (2023). Investigation of the Learning Outcomes of the
2018 Middle School Mathematics Curriculum in Terms of Mathematical

Communication Skills. EPODER: International Journal of Curriculum and
Instructional Studies, 13(1), 224-248.

Payadnya, 1. P. A. A., & Jayantika, I. G. A. N. T. (2018). Panduan Penelitian
Eksperimen Beserta Analisis Statistik dengan SPSS. Yogyakarta:
Deepublish.

Puriani, R. A., & Dewi, R. S. (2020). Konsep Adversity dan Problem Solving Skill.
Palembang: Bening Media Publishing.

Puspitacandri, A., Warsono, W., Roesminingsih, E., Soesatyo, Y., & Susanto, H.
(2020). The Effects of Intelligence, Emotional, Spiritual and Adversity
Quotient on the Graduates Quality in Surabaya Shipping Polytechnic.
European Journal of Educational Research, 9(3), 1075-1087.
https://doi.org/10.12973/eu-jer.9.3.1075

Putri, F. R., & Yendi, F. M. (2023). The Effect of Academic Resilience on Student
Achievement. Counseling and Humanities Review, 1(1), 1-7.
https://doi.org/10.24036/000649¢chr2023

Putri, N. I. P., & Sundayana, R. (2021). Perbandingan Kemampuan Komunikasi
Matematis Siswa antara Problem Based Learning dan Inquiry Learning.
Plusminus:  Jurnal  Pendidikan ~ Matematika,  1(1), 157-168.
https://doi.org/10.31980/plusminus.v1il.1034

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



86

Putri, N. S., Juandi, D., & Jupri, A. (2022). Pengaruh Model Pembelajaran
Kooperatif Tipe Think-Talk-Write terhadap Kemampuan Komunikasi
Matematis Siswa: Studi Meta-Analisis. Jurnal Cendekia: Jurnal
Pendidikan Matematika, 6(1), 771-785.
https://doi.org/10.31004/cendekia.v6il.1264

Qadariah, N., Kurniati, T., Suri, N. A., Luftri, L., Mufit, F., & Andromeda, A. (2025).
Unveiling the PBL impact on communication and teamwork among biology
students. Jurnal Pendidikan Biologi Indonesia, 11(1), 262-273.
https://doi.org/10.22219/jpbi.v8i3.22992

Rahayu, A. M., Badruzzaman, F. H., & Harahap, E. (2021). Pembelajaran Aljabar
Melalui Aplikasi Wolfram Alpha. Jurnal Matematika, 20(1), 51-58.

Rahayu, R., Kartono, K., & Agoestanto, A. (2024). The Exploration of APOS-based
PBL Model to Improve the Students’ Mathematics Problem-Solving Skills.
Jurnal Pendidikan MIPA, 25(3), 1577-1592.
https://doi.org/10.23960/jpmipa/v25i3.pp1577-1592

Rajagukguk, W., Bina, N. S., & Samosir, K. (2022). The Effect of Prior Knowledge,
Emotional Intelligence and Motivation on Mathematical Communication.
Education Quarterly Reviews, 5(4), 146—159.
https://doi.org/10.31014/aior.1993.05.04.581

Rohid, N., Suryaman, S., & Rusmawati, R. D. (2019). Students’ Mathematical
Communication Skills (MCS) in Solving Mathematics Problems: A Case in
Indonesian Context. Anatolian Journal of Education, 4(2), 19-30.
https://doi.org/10.29333/aje.2019.423a

Rosly, W. N. S. W. M., Abdullah, S. S. S., & Shukri, F. N. A. (2020). The uses of
Wolfram Alpha in Mathematics. Teaching and Learning in Higher
Education, 1, 96-103.

Sabbagh, S. A. (2019). The Supportive Classroom Environment Habits Used by
Mathematics Teachers for Essential Stage in Jordan. Science and Education
Publishing, 7(7), 509-517. https://doi.org/10.12691/education-7-7-11

Saguni, F., Hamlan, & Gusnarib. (2021). The Adversity Quotient Between Teacher
Professionalism on Student’s Autonomous Learning. Journal of Social
Studies Education Research, 3, 312-342.

Saputri, C. A., Sarjana, K., Lu’luilmaknun, U., & Azmi, S. (2024). Pengaruh
Emotional Quotient dan Adversity Quotient terhadap Prestasi Belajar
Matematika Siswa Kelas VIII Semester Ganjil di SMP Negeri 2 Pujut Tahun
Ajaran 2023/2024. Pendas: Jurnal llmiah Pendidikan Dasar, 09(01), 4405—
4419.

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



87

Sari, A. P. & Munir. (2024). Pemanfaatan Teknologi Digital dalam Inovasi
Pembelajaran untuk Meningkatkan Efektivitas Kegiatan di Kelas. Digital
Transformation Technology, 4(2), 977-983.
https://doi.org/10.47709/digitech.v4i2.5127

Sari, 1., Marwan, M., & Hajidin, H. (2019). Students’ Thinking Process in Solving
Mathematical Problems in Build Flat Side Spaces of Material Reviewed

from Adversity Quotient. Malikussaleh Journal of Mathematics Learning
(MJML), 2(2), 61-67. https://doi.org/10.29103/mjml.v2i2.1468

Sari, Y. I., Sumarmi, Utomo, D. H., & Astina, I. K. (2021). The Effect of Problem
Based Learning on Problem Solving and Scientific Writing Skills.
International Journal of Instruction, 14(2), 11-26.
https://doi.org/10.29333/1j1.2021.1422a

Savery, J. R. (2006). Overview of Problem-based Learning: Definitions and
Distinctions. Interdisciplinary Journal of Problem-Based Learning, 1(1), 9—
20. https://doi.org/10.7771/1541-5015.1002

Setiawan, B., & Supiandi, M. L. (2018). The Contribution of Metacognitive Skills
and Reasoning Skills on Problem Solving Ability Based on Problem Based
Learning (PBL) Model. Anatolian Journal of Education, 3(2), 75-86.
https://doi.org/10.29333/aje.2018.327a

Setyo, A. A., Fathurahman, M., & Anwar, Z. (2020). Strategi Pembelajaran
Problem Based Learning. Makassar: Yayasan Barcode.

Stolz, P. G. (2000). Adversity Quotient: Mengubah Hambatan Menjadi Peluang.
Jakarta: PT. Grasindo.

Subroto, P. W., Malik, M., Raditya, A., & Saputra, N. N. (2024). A bibliometric
analysis on artificial intelligence in mathematics education. JRAMathEdu
(Journal of Research and Advances in Mathematics Education), 9(1), 1-15.
https://doi.org/10.23917/jramathedu.v9i1.2429

Sugianto, S., Waluya, St. B., Sukestiyarno, Y1. S., & Wardono, W. (2025). Problem-
Based Learning based on Electronic Module: Students’ Mathematical
Communication Process in terms of Cognitive Style. Educational Process
International Journal, 16, €2025222.
https://doi.org/10.22521/edupij.2025.16.222

Sugiyono. (2022). Metode Penelitian Kuantitatif, Kualitatif, dan R&D (2 ed.).
Bandung: Alfabeta.

Sumargo, B. (2020). Teknik Sampling. Jakarta: UNJ PRESS.

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



88

Suparman, Juandi, D., & Tamur, M. (2021). Review of problem-based learning
trends in 2010-2020: A meta-analysis study of the effect of problem-based
learning in enhancing mathematical problem-solving skills of Indonesian
students. Journal of Physics: Conference Series, 1722(1), 012103.
https://doi.org/10.1088/1742-6596/1722/1/012103

Supinah. (2022). Ketahanan Emosional: Kemampuan Yang Harus Dimiliki.
Lombok Tengah: Pusat Pengembangan Pendidikan dan Penelitian
Indonesia.

Susanti, N., Juandi, D., & Tamur, M. (2020). The Effect of Problem-Based Learning
(PBL) Model On Mathematical Communication Skills of Junior High
School Students — A Meta-Analysis Study. JTAM (Jurnal Teori Dan Aplikasi
Matematika), 4(2), 145. https://doi.org/10.31764/jtam.v4i2.2481

Syah, J. M., & Sofyan, D. (2021). Kemampuan Komunikasi Matematis Siswa SMP
di Kampung Paledang Suci Kaler pada Materi Segiempat dan Segitiga.
Plusminus:  Jurnal  Pendidikan = Matematika,  1(2), 373-384.
https://doi.org/10.31980/plusminus.v1i2.1270

Syamsyiah, Z. M., Amelia, S., & Maarif, S. (2022). Kemampuan Komunikasi
Matematis: Sebuah Systematic Literature Review dengan Analisis
Bibliometrik Menggunakan Vos Viewers. JPM: Jurnal Pendidikan
Matematika, 8(2), 114—128.

Tan, O. S. (2003). Problem-based learning innovation: Using problems to power
learning in the 21st century. Singapore: Cengage Learning.

Tejawiani, ., Sucahyo, N., Usanto, & Sopian, A. (2023). Peran Artificial
Intelligence terhadap Peningkatan Kreativitas Siswa dengan Menerapkan
Proyek Penguatan Profil Pelajar Pancasila. JMM (Jurnal Masyarakat
Mandiri), 7(4), 3578-3592. https://doi.org/10.31764/jmm.v7i4.16143

Tls, D. S., & Kusumabh, Y. S. (2022). Students’ Satisfaction and Performance in the
Open Educational Resources (OER): Integrated Online Calculus Course.

International Journal of Technology in Education and Science, 6(1), 124—
144. https://doi.org/10.46328/ijtes.333

Tong, D. H., Uyen, B. P., & Quoc, N. V. A. (2021). The improvement of 10th
students’ mathematical communication skills through learning ellipse
topics. Heliyon, 7(11), 1-12. https://doi.org/10.1016/j.heliyon.2021.e08282

Ulfa, R. (2021). Variabel Penelitian dalam Penelitian Pendidikan. Al-Fathonah :
Jurnal Pendidikan dan Keislaman, 1(1), 342-351.

Utari, O. D., & Dewi, L. (2020). Hubungan antara adversity quotient dengan prestasi
belajar siswa Madrasah Aliyah Negeri Kotawaringin Barat. Jurnal

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



89

Psikologi Terapan dan Pendidikan, 2(1), 41.
https://doi.org/10.26555/jptp.v2il1.17055

Uyen, B. P, Tong, D. H., & Tram, N. T. B. (2021). Developing Mathematical
Communication Skills for Students in Grade 8 in Teaching Congruent

Triangle Topics. European Journal of Educational Research, 10(3), 1287—
1302. https://doi.org/10.12973/eu-jer.10.3.1287

Viyani, A. O., Utami, R. E., & Pramasdyahsari, A. S. (2022). The Profile of
Students’ Mathematical Communication Ability on Statistics Based on

Adversity Quotient. International Journal of Research in Education, 2(1),
47-59. https://doi.org/10.26877/ijre.v2i11.10819

Wahid, L. A., & Marlina, R. (2020). Strategi Pembelajaran Numbered Head
Together (NHT) dalam Meningkatkan Minat Belajar Siswa Pada Materi
Statistika. Didactical Mathematics, 2(2), 10.
https://doi.org/10.31949/dmj.v2i2.2074

Wahyuningtyas, D., Qohar, Abd., & Kusumasari, V. (2025). Kemampuan
Komunikasi Matematis Tulis Siswa SMP Tipe Camper pada Soal Literasi
Matematika. Indiktika : Jurnal Inovasi Pendidikan Matematika, 7(2), 375—
387. https://doi.org/10.31851/indiktika.v7i2.17177

Wang, C.-C. (2021). The process of implementing problem-based learning in a
teacher education programme: An exploratory case study. Cogent
Education, 8(1), 1996870.
https://doi.org/10.1080/2331186X.2021.1996870

Wang, F., Zhou, X., Li, K., Cheung, A. C. K., & Tian, M. (2025). The effects of
artificial intelligence-based interactive scaffolding on secondary students’
speaking performance, goal setting, self-evaluation, and motivation in

informal digital learning of English. Interactive Learning Environments,
33(7), 4633—4652. https://doi.org/10.1080/10494820.2025.2470319

Wardhana, I. R., & Lutfianto, M. (2018). Analisis Kemampuan Komunikasi
Matematis Siswa Ditinjau Dari Kemampuan Matematika Siswa. UNION:
Jurnal Ilmiah Pendidikan Matematika, 6(2), 173-184.
https://doi.org/10.30738/.v612.2213

Widodo, W., Gustari, 1., & Chandrawaty, C. (2022). Adversity Quotient Promotes
Teachers’ Professional Competence More Strongly Than Emotional
Intelligence: Evidence from Indonesia. Journal of Intelligence, 10(3), 44.
https://doi.org/10.3390/jintelligence 10030044

Wijaya, T. T., Hidayat, W., Hermita, N., Alim, J. A., & Talib, C. A. (2024).
Exploring contributing factors to PISA 2022 mathematics achievement:

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



90

Insights from Indonesian teachers. Infinity Journal, 13(1), 139-156.
https://doi.org/10.22460/infinity.v13il.p139-156

Wisman, Y. (2017). Komunikasi Efektif dalam Dunia Pendidikan. Jurnal
Nomosleca, 3(2), 646—654. https://doi.org/10.26905/nomosleca.v3i2.2039

Ya-amphan, D., Thinwiangthong, S., & Sythong, P. (2023). Comparative study of
means of mathematical communication in Japan, Laos, and Thailand.
Journal on Mathematics Education, 15(1), 99-114.
https://doi.org/10.22342/jme.v1511.pp99-114

Yulian, V. N., Wahyudin, & Darhim. (2023). Students’ mathematical
communication through math-talk learning community: Describing levels
and components. Al-Jabar : Jurnal Pendidikan Matematika, 14(1), 121-
132. https://doi.org/10.24042/ajpm.v14i1.16612

Yulianti, E. P., Aryuna, D. R., & Andriatna, R. (2023). Tinjauan Adversity Quotient
dalam Prestasi Belajar Matematika Siswa pada Model Kooperatif Snowball
Throwing. DWIJA CENDEKIA: Jurnal Riset Pedagogik, 7(3).
https://doi.org/10.20961/jdc.v713.78771

Yuniarti, D. A. F., & Putra, B. J. M. (2021). Analysis mathematical communication
ability of vocational student in osborn learning based on adversity quotient.
Journal  of  Physics:  Conference  Series, 1836(1), 012045.
https://doi.org/10.1088/1742-6596/1836/1/012045

Yusni, I. S., Pratama, M. B. P., Noveliani, E., Safitri, S., & Syarifuddin. (2025).
Peran Teknologi Dalam Meningkatkan Perkembangan Peserta Didik.
JURNAL PTI (Pendidikan dan Teknologi Informasi) Fakultas Keguruan
Ilmu Pendidikan Universita Putra Indonesia “YPTK” Padang, 12(1), 1-6.
https://doi.org/10.35134/jpti.v1211.227

Yosy Candraningsih, 2025

PENINGKATAN KEMAMPUAN KOMUNIKASI MATEMATIS SISWA SMP DENGAN MODEL PROBLEM-
BASED LEARNING BERBANTUAN ARTIFICIAL INTELLIGENCE DITINJAU DARI ADVERSITY
QUOTIENT

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



