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Abstract

This study aims to analyze the characteristics of the Teams Game Tournament (TGT) learning
model instrument using the Rasch model on the topic of sound, incorporating Bloom's cognitive
features. The analysis focuses on validity, reliability, discrimination capacity, and difficulty
level to determine the instrument's feasibility. The study adopts the classroom action research
paradigm. The instrument comprises ten multiple-choice questions. The findings indicate that
the instrument demonstrates adequate validity within an acceptable range. The reliability
analysis yields a Cronbach's alpha score of 0.82, indicating high reliability, with item reliability
at 0.36 and person reliability at 0.32. Additionally, the discriminating power meets the criteria,
as shown by Infit Mean Square (MNSQ), Outfit Z-Standard (ZSTD), and Point Measure
Correlation (PT Measure Corr). Regarding difficulty level, the instrument includes five
guestions categorized as difficult, three as moderate, and two as easy.

Keywords: Teams Game Tournament (TGT), Rasch model, learning outcomes
INTRODUCTION

The best education in today’s culture requires research from educational institutions. People no
longer view education as a luxury. How well instructors manage teaching and learning activities
significantly influences the quality of education. There has been interaction between teachers and
students in the teaching and learning activities that take place (Djamarah et al. 2006). A teacher must
be able to create a valuable environment for education if they want their students to learn.

Education means the power of effort to encourage the growth of ethics (inner strength and
character), the mind, and the development and growth of children (Hamzah et al. 2016). To aid in the
development of individuals through their learning, education also involves modifying one's attitude
and behavior. The educational process shapes learners’ attitudes, enhances their intelligence, and
develops their abilities to align with the direction and purpose of education. Every government should
invest heavily in education, but developing countries like Indonesia that are actively creating their own
countries need to do even more. Growth can benefit from advances in science and technology.

The term "physics” meaning nature, is the study of nature. Physics is the study of natural phenomena
and qualities. Analytical and empirical evidence can be used to support the existence of natural
phenomena. To succeed in a high school physics course, students must have conceptual knowledge of
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physics and the capacity to apply it to new findings. Until recently, the majority of students mainly
thought about learning physics formulas, which led them to describe physics in a specific way such as
numerically. Although explanations can also be presented verbally, verbal descriptions of basic
meanings and concepts can be used to describe physical phenomena. Since it is sometimes difficult to
visualize physical events, Figures are also used to describe physical phenomena.

Based on a preliminary study conducted at one of the high schools in Yogyakarta, it is mentioned
that students feel bored in learning physics subjects at school. This was reinforced by an interview with
one of the teachers who explained that the learning process in class only applied the conventional
method of lecture.

Under the educational method known as cooperative learning, students work together to finish
homework and handle projects. Apart from enhancing their problem-solving ability, this approach
helps them to develop their social skills (Stokes 2024). Through cooperation, they learn from one
another and foster teamwork—qualities that would be quite helpful in the classroom and in daily life.
Encouragement of student involvement (Chen et al. 2022), shared responsibility (Cecchini et al. 2021),
and support of one another has been shown to help learning outcomes in a range of educational settings.
Cooperative learning's ability to improve group dynamics, problem-solving ability, and linguistic
competency points to its effectiveness (Mggelvang 2024).

Combining aspects of cooperative learning and competitive games, the Teams Games Tournament
(TGT) is an instructional tool meant to improve student involvement and learning results.
Demonstrating its adaptability and efficacy, this method has been used in reading comprehension
(Anggiasari et al. 2018), mathematics (Siregar et al. 2024), physical education (Luo et al. 2020), and
others. Under the TGT model, students participate in academic games in teams, therefore promoting
group cooperation as well as individual responsibility. In the context of physics material, especially on
the topic of sound, the TGT model can increase student engagement and understanding through
interactive activities. With the help of Uno card media, learning activities can be packaged in a fun
game format, making students more enthusiastic.

The cooperative learning teaching approach aims to increase student engagement, social skills
development, and cognitive and attitudinal development. Cooperative learning is instruction that
allows students to perform academic tasks in groups (Aliffah, et al. 2013). The supported model is an
example of the Teams Games Tournament (TGT) cooperative learning paradigm. These techniques
can increase everyone's involvement in the classroom and make learning interesting and fun for
students (Fajri, et al. 2012). Learning in the classroom will feel more interesting and fun in this way.

Cooperative learning is a method in which students learn to work together in small groups to achieve
a common goal, help each other understand concepts, and improve social skills (Johnson & Johnson
2009). TGT combines elements of games and competition between teams to create a dynamic learning
atmosphere (Slavin 1995). Several studies have demonstrated the effectiveness of TGT in various
learning contexts, including natural science.

In sound, the use of TGT allows students to explore basic concepts such as frequency, amplitude,
and sound wave characteristics more actively. The application of TGT can help students understand
difficult concepts through team discussion and competition, where each student contributes to solving
the problems and challenges given in the game (Tarim 2009).

Although cooperative learning models, such as Teams Game Tournament (TGT), have been widely
applied to improve student participation and understanding, research on the effectiveness of TGT
combined with game-based learning media, such as UNO cards, in the context of teaching sound is
limited. Previous research has focused more on the cognitive aspects of cooperative learning without
integrating game elements that can increase students' emotional and social engagement in the learning
process.

The novelty in this study lies in evaluating the quality of the UNO card-based TGT instrument
through the Rasch Model approach, which allows in-depth analysis of the fit of items and student
responses on a linear scale. This analysis not only quantitatively tests the reliability and validity of the
instrument, but also offers insights into how game media such as UNO cards can optimize the learning
process of topic of sounds. Thus, this study fills the gap regarding the effectiveness of the combination
of TGT method and game media in science learning, and provides an empirical basis for teachers to
implement innovative methods that improve students' understanding of sound concepts.
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Many studies have shown that the TGT learning model can improve student learning outcomes. For
example, Ardilla Ayu Febrina in her thesis in 2016 showed that the use of the TGT learning model
with digital games can improve student learning outcomes on the concept of optical devices. The results
showed that students who learned with this model showed a significant increase in mastery of the
material compared to the traditional method.

Uno card media provides an interesting variation to be applied in TGT due to its ease of use and
simplicity of game rules that are familiar to students. Modifying Uno cards by adding symbols or
guestions related to topic of sound allows students to practice and understand concepts interactively.
For example, cards with certain colors or symbols can be customized to symbolize the frequency or
amplitude of sound, so that students can associate aspects of sound with the game elements they see.
Research by Rani (2019) showed that game media such as Uno cards can increase student engagement
in the classroom, as these games bring an element of fun novelty. When integrated with TGT, Uno
cards can facilitate group discussions and strengthen students’ understanding of topic of sound.

METHOD

This study utilized a classroom action research design. A total of 36 students in class XI were the
study subjects for the academic year 2022-2023, with 10 multiple choice questions used to measure
student learning outcomes. The objectives of this study were: (1) a Teams Games Tournament (TGT)-
based cooperative learning model, utilizing the UNO card game and Physics LKPD as additional
resources; (2) student learning activities; (3) student responses; and (4) student learning outcomes. The
UNO card used in the competition has the following design.

The development of ten multiple-choice questions that are aligned with the cognitive features in
Bloom's Taxonomy requires systematic planning to achieve various levels of students' cognitive
understanding, ranging from simple to more complex. the steps taken in the process of developing,
designing, and validating the content of the multiple-choice questions include: 1. designing questions
based on Bloom's Taxonomy; 2. writing question items; 3. content validity through expert review; 4.
guestion testing; and 5. final revision and development of scoring guide.

Multiple-choice tests, observation sheets, and questionnaires were all used in this study to collect
information on students' learning outcomes, activities, and answers. The collected data were then
examined using quantitative analysis. This Teams Game Tournament (TGT) instrument stands out
because it applies Rasch model analysis to materials that, according to Bloom's latest classification,
include cognitive components. The characteristics in this study validity, reliability, item measure,
person measure, difficulty level, and Cronbach Alpha (KR-20) are what this study aims to prove.
Statistical Analysis of Item and Respondent Fit using Infit Mean Square (MNSQ) and Outfit Mean
Square (MNSQ) was used to assess whether any deviations of the data from the model were significant.
Ideal MNSQ values range from 0.5 to 1.5. An infit value close to 1 indicates the item has a good fit to
the model. ZSTD indicates how far the deviation from the model is in the form of a z-score. The ideal
value for ZSTD is between -2 to +2, which indicates that the item has no significant difference from
the model.
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FIGURE 1. UNO Card Design

RESULTS AND DISCUSSION
Validity

Research using Rasch model analysis with empirical validity. At this level of validity, the goal is to
assess whether the designed instrument can capture what needs to be captured and determine the
capacity of items to capture the various abilities and perceptions of respondents. FIGURE 2 shows the
results of the validity value.
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Table of STANDARDIZED RESIDUAL variance in Eigenvalue units = Item information units

Eigenvalue Observed Expected

Total raw variance in observations = 15.6039 100.0% 100.0%

Raw variance explained by measures = 5.6039 35.9% 35.8%

Raw variance explained by persons = 3.8908 24.9% 24.8%

Raw Variance explained by items = 1.713¢ 11.0% 10.9%

Raw unexplained variance (total) = 10.0000 64.1% 100.0% 64.2%
Unexplned variance in 1st contrast = 1.6851 10.3% 16.1%
Unexplned variance in 2nd contrast = 1.4781 9.5% 14.8%
Unexplned variance in 3rd contrast = 1.3601 8.7% 13.6%
Unexplned variance in 4th contrast = 1.1587 7.4% 11.6%
Unexplned variance in 5th contrast = 1.0311 6.6% 10.3%

FIGURE 2. Validity Value Results

The number 10 in the raw unexplained variance (total) indicates that there are a total of 10 items in
the analysis. The raw variance with the measure has a value of 35.9%, which indicates satisfactory
validity. The empirical unexplained variance in the first and second contrast values are 10.3% and 9.5%
respectively, where these two values indicate shaky validity, following. Thereafter, the unexplained
variance of the eigenvalues in the first and second contrasts were 1.6 and 1.4, respectively, and these
two values indicate a good model. The test instrument remains ineffective in assessing students'
conceptual competence as the validity values on the three criteria show that there is one poor criterion
and two acceptable criteria.

Reliability

The Cronbach Alpha (KR-20) rating can be used to determine the overall reliability of the test
instrument. The reliability value can be seen from two angles, namely item reliability and respondent
reliability (person reliability), in addition to Cronbach’s alpha value. The value of the test instrument
dependability assessment using the ministep application is shown in the table below.

SUMMARY OF 36 MEASURED (EXTREME AND NON-EXTREME) Person

| TOTAL MODEL INFIT OUTFIT |
I SCORE COUNT MEASURE  S.E. MNSQ  ZSTD  MNSQ  ZSTD |
e |
| Mean 8.1 10.0 2,05 1.19 |
| sem .4 .0 2 .07 I
| P.SO 2.4 .0 1.56 .43

| 5.50 2.4 .0 1.58 .44 |
| max 10.0 10.0 .71 1.85

| MIn 2.0 10.0 1.55 .68
T S e

| REAL RMSE  1.28 TRUE SO .89 [SEPARATION .69 Person RELIABILITY .32|
[MODEL RMSE  1.27 TRUE SO .91 SEPARATION .72 Person RELIABILITY .34

| S.E. OF Person MEAN = .26 |

L =0 M = i missing data)
[CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST™ RELIABILITY = .82 SEM = 1.01 (a;
STANDARDIZED (5@ ITEM) RELIABILITY = .72

SUMMARY OF 10 MEASURED (NON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE S.E. MNSQ ZSTD  MNSQ  ZSTD |
i S |
| MEAN 29.2 36.0 00 .57 1.2 .05 99 02 |
| SEM .8 .0 26 .03 .10 .27 12 23 |
| P.SO 2.4 .0 77 .e8 .30 81 37 69 |
| .50 2.5 .0 82 .e8 £} 4 86 39 73 |
| mMaX. 33.0 36.0 .94 W72 1.49 1.20 1.57 .88 |
| MIN. 26.9 36.0 -1.39 .48 .62 -.9 .37 -1.e4 |
e e L TR |
| REAL RMSE .62 TRUE SD .47 lSEPARATIO(I .75 Item RELIABILITY .36]|
|MODEL RMSE .58 TRUE SD .52 SEPARATION .99 Item RELIABILITY .45 |

| S.E. OF Item MEAN = .26 |

FIGURE 3. Reliability Results

Based on the findings of the reliability measurement values of the ministep application test
instrument, it was determined that the Cronbach alpha logit value (KR-20) is the best way to assess the
overall dependability of the test instrument. The instrument was created to have a very high reliability
coefficient value, as indicated by the Cronbach alpha achieved at 0.82 in the ‘high’ category. In
addition, the findings of the reliability analysis on items and subjects fall into the "weak" category,
indicating that the quality of the question items and the consistency of the students' responses are still
below standard.
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Distinguishing Power

Point Measure Correlation (PTMEA CORR) indicates the ability of items to discriminate. Items
with a point measure correlation above 0.40 have strong discriminating power. In addition, for items
with values below 0.40, the values are classified according to Alagumalai, Curtis, and Hungi’s (2005)
categorization of Point Measure Correlation (PTMEA CORR) values. The mismatch ordering table in
the ministep program shows its discriminatory power values.

Item STATISTICS: MEASURE ORDER

|ENTRY TOTAL TOTAL  JMLE MODEL]  INFIT | OUTE ASUR-AL | EXACT MATCH| I
INUMBER SCORE COUNT MEASURE S.E. ZSTD|MNSQ EXP.| 0BSX EXPX| Item |
| TR TP SET S LaEE bl EEEE CEEEE EEETE e #mmmm—— |
| 6 26 36 .94 .4 57| .76 .63| 80.8 77.7| s6 |
| 9 26 36 .94 .4 37| .80 .63| 80.8 77.7| s9 |
| 10 27 36 .70 5 91| .65 .63] 84.6 79.5| s10 |
| 5 28 36 .44 52 1.20]1.29 .63] 73.1 81.1] s |
| 8 28 36 .44 52 -.51] .84 .63| 80.8 81.1| s8 |
I 2 30 36 -.16 5 18]1.27 .61| 84.6 85.3] s2 |
| 1 31 36 -.51 62 1.141.46 59| 80.8 87.8] s1 |
| a4 31 36 -.51 62 96| .88 59| 96.2 87.8| s4 |
I 7 32 36 -.92 6 1.18]1.57 56| 76.9 88.1] s7 |
I 3 33 36 -1.39 72 .e8| .37 se| 84.6 89.2] s3 |
| T Pe— - + = - - - ——. - e $emmmn |
| MEAN  29.2 36.0 00 .57]1.02 e| .99 | 82.3 83.4| |
| P.SD 2.4 ) 77 .08| .30 8| .37 | 5.8 4.2] |

ATABLE 13.3 C:\Users\USER\Documents\ARTIKEL INOVA ZOU@2SWS.TXT May 25 2023 14:17
INPUT: 36 Person 10 Item REPORTED: 36 Person 10 Item 2 CATS MINISTEP 5.1.2.0

FIGURE 4. Differentiating power

From all items all instruments can be used because they meet all the requirements, namely Infit
MNSQ (Mean Square) is between 0.5 <X <1.5. Outfit ZSTD (Z-Standard) is between -2.0<X<2.0. And
the PT Measure Corr is between 0.4<X<0.85.

Level of Difficulty

The order from difficult to answer to simple, is indicated by the difficulty of their items. The logit
value for each item as determined by the Rasch model study was used to order these items. Items and
persons (respondents) in the Rasch model can be ordered according to their logit values, and the Rasch
model also displays a logit map depicting the distribution of items and respondents according to their
logit values along the y-axis. The distribution of items and respondents in the Rasch model analysis is
shown in the following logit map.
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FIGURE 5. Logit Map of Items and Respondents

The left part of the logit map above depicts the distribution of items, while the right area depicts the
distribution of respondents. The most difficult items to answer, i.e. those for which respondents
answered the least accurately, are positioned to the right of items S6 and S9, which are at the top. While
guestion S3 at the bottom was the simplest to respond to, it also received the most accurate responses
from respondents. The easiest respondents to answer correctly in the right areas were those with
numbers 11, 12, 13, 18, 24, 25, 16, 28, 31, and 36, while the most difficult respondents to answer
correctly were those with numbers 4, 32, and 35.

Questionnaire Results

After completing the experiment in the class, the researcher distributed a questionnaire with a total
of 10 questions to find out the students' response to learning activities. The results of the questionnaire

can be seen in the TABLE 1.
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TABLE 1. Logit Map of Items and Respondents

Answer Response
(Number of People)

Questionnaire Questions 1 4
(strongly ( disa2 ree) (a ?’ee) (strongly
disagree) g g agree)

rI}.qeearnlng with uno cards is very enjoyable for 0 0 16 20
Learning with uno cards has increased
interaction with the teacher. 0 ! 12 23
Learning _W|th uno cards makes me understand 0 1 16 19
the material better.
Learning with uno cards makes me more
motivated to learn. 0 0 18 18
Learning w_|th uno cards makes me not bored 0 0 11 o5
when learning in class.
L(_earnlng dong with uno cards is in accordance 0 0 17 19
with the learning | want.
!_earnln_g with uno cards makes me interested 0 0 18 18
in physics.
Learning with uno cards allowed me to work

. 0 1 7 28
together with my classmates.
The lesson changed my thinking about 0 0 12 24

monotonous physics.

The lesson made me more courageous in

expressing my opinion and answering the 0 0 15 21
questions posed.

While the results of the Rasch model analysis can be seen in FIGURE 6.
Angket Respon Uno

| Person a6 1NPUY 36 MEASURED INFIT OUTEILT |
| T0TAL COUNT HEASURE  REALSE IMNSQ 251D OMNSQ Z510)
| MEAN 5.9 10,0 NN o8 1.00 A 1.00 Bl
| P.SD 2.9 .0 1.86 a9 A6 N La% )
| REAL RMSE 1.05 TRUE SO 1.53 SEPARATION 1.46 Person RELIABILITY .68)
| |
| Item 10 INPUT 10 HEASURED INFIT OUTFIT |
| T0TAL COUNT HEASURE  REALSE TMNSH) ZS5TD  OMNSY 2510)
| MEAN 2.5 36.0 oL NS 99 .0 1.00 A
| P.SD 3.3 .0 .66 05 A6 .9 A2 9
| REAL RMNSE A6 TRUE SD Al SEPARATION 1,05 Item RELIABILITY 53]

FIGURE 6. Questionnaire Analysis Results using Ministep

Based on the output of the Rasch model above, the data that can be used is INFIT MNSQ and
OUTFIT MNSQ, for the ideal value is 1.00 (the closer to 1.00 the better); for INFIT ZSTD and
OUTFIT ZSTD, the average value in the table person the ideal value is 0.0 the closer to the value of
0.0, the better the quality (Sumintono, 2015). The results of the analysis using the Rasch model show
that the data meet the fit criteria based on the INFIT and OUTFIT Mean Square (MNSQ) values, as
well as INFIT and OUTFIT Z-Standard (ZSTD), in accordance with the standards proposed by
Sumintono (2015). INFIT MNSQ and OUTFIT MNSQ values close to 1.00 indicate that the data has
a good fit with the Rasch model. This means that the items on the instrument can measure students'
abilities consistently and as expected, without any answer patterns that deviate from the expected
model. With the mean INFIT ZSTD and OUTFIT ZSTD values close to 0.0, we can conclude that the
quality of the instrument is good enough to measure students' understanding with little or no significant
deviations.
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The summary statistics showing MNSQ outfit values around 1.00 and ZSTD outfit values close to
0.0 indicate that students' responses to the items in the instrument are at a level appropriate to their
abilities. This indicates that the instrument is effective in measuring students' responses regarding their
engagement and understanding in learning with the Teams Game Tournament (TGT) method.

Looking at the data from the summary statistics, the Outfit MNSQ value, and Outfit ZSTD data are
ideal because the outfit MNSQ value shows a value of 1.00 so that the value is ideal and for the outfit
ZTSD value it is also ideal. These ideal results are in accordance with the results of the following
google form response questionnaire where the scale of choice in the written questionnaire is between
1 to 4 where 1 states strongly disagree and 4 states strongly agree. Furthermore, the questionnaire
results show that most students agree that the TGT method makes learning more interactive and
interesting, based on the questionnaire scale which ranges from 1 (strongly disagree) to 4 (strongly
agree). Students considered that TGT helped to increase their activeness and reduce boredom in class.
This means that the application of TGT method not only improves conceptual understanding, but also
enriches students' learning experience, creating an environment that supports active learning.

Based on the table of questionnaire results above, it shows that the learning process using the Teams
Game Tournament (TGT) method can increase student activeness and make the student learning
process in class not boring. Overall, the analysis with the Rasch model that produces ideal INFIT and
OUTFIT values corroborates the questionnaire results, where students feel more involved and
motivated in the learning process. These findings indicate that the instruments used in this study are
valid and reliable for measuring students' responses to the TGT method and can support increased
student engagement in the learning process.

Empirical studies show that the use of TGT on sound with Uno card media can increase student
engagement and understanding. The results of the Rasch model show that this instrument has high
reliability and is able to provide a more in-depth analysis of the level of student understanding.

For example, research by Lestari (2022) found that the use of TGT based on Uno cards in physics
lessons increased student learning motivation and concept understanding. Rasch analysis in this study
showed that students with different ability levels could actively participate and gain better
understanding through competition and discussion in groups.

CONCLUSION

The Teams Game Tournament (TGT) cooperative learning model instrument shows valid and
reliable results while the level of difficulty of the questions is at the easy, medium, and difficult levels.
And through the results of the questionnaire distributed showed that the Teams Game Tournament
(TGT) cooperative learning model was effectively used to increase student activeness in class and
provide new nuances of physics learning that were not monotonous.

The use of TGT model with Uno card media on topic of sound can increase student engagement
and strengthen their understanding of basic physics concepts. The Rasch model provides a more
objective way of evaluating the effectiveness of this learning instrument, as well as assisting teachers
in identifying aspects that need to be improved to better meet students' needs.

REFERENCES

Aliffah, N, et al. (2013). Pengaruh Model Pembelajaran Kooperatif Tipe Teams Games Tournament
(TGT) dan Gaya Belajar Terhadap Prestasi Belajar Peserta Didik pada Materi Pokok Hidrolisis
Garam Kelas XI Semester 2 SMA Negeri 4 Surakarta Tahun Pelajaran 2012/2013. Jurnal
Pendidikan Kimia. 2(4), pp. 80-89.

Anggiasari, N.A., Asrori, M. and Sarosa, T. (2018). Comparative Study Between Using Cooperative
Learning Model Teams-Games-Tournaments (TGT) and Direct Instructional Method (DI) to Teach
Students’ Reading Comprehension. English Education, 6(3), pp.367-378.

Ardilla Ayu Febrina. (2016). The Effect of Cooperative Learning Model TGT (Team Games
Tournament) with Digital Games Against Student Results At Concept Optical Instruments. Thesis
Physics Education Program, Science Education Department, Faculty of Tarbiyah and Teacher
Training, State Islamic University of Syarif Hidayatullah Jakarta.

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 10 Issue 2, December 2024
p-ISSN: 2461-0933 | e-ISSN: 2461-1433 304

Bond, T. G., and Fox, C. M. (2007). Applying the Rasch Model: Fundamental Measurement in the
Human Sciences. Psychology Press.

Cecchini, J.A., Fernandez-Rio, J., Mendez-Gimenez, A., Gonzalez, C., Sanchez-Martinez, B. and
Carriedo, A., (2021). High versus low-structured cooperative learning. Effects on prospective
teachers’ regulation dominance, motivation, content knowledge and responsibility. European
Journal of Teacher Education, 44(4), pp.486-501.

Chen, S., Ouyang, F. and Jiao, P., (2022). Promoting student engagement in online collaborative
writing through a student-facing social learning analytics tool. Journal of Computer Assisted
Learning, 38(1), pp.192-208.

Djamarah, B., Syaiful, S., and Aswan Zain. (2006). Strategi Belajar Mengajar. Jakarta: PT Rineka
Cipta.

Fajri, L, et al. (2012). Upaya Meningkatkan Proses dan Hasil Belajar Kimia Materi Koloid Melalui
Pembelajaran Kooperatif Tipe TGT (Teams Games Tournament) Dilengkapi Teka-Teki Silang Bagi
Peserta didik Kelas XI IPA 4 SMA Negeri 2 Boyolali Pada Semester Genap Tahun Ajaran
2011/2012. Jurnal Pendidikan Kimia. 1(1): 89-96.

Fina, K. (2022). Analisis Penguasaan Konsep Fisika Siswa SMP pada Materi Suhu dan Kalor
menggunakan Rasch Model. Repository.upi.edu

Hamzah, B.Uno, and Lamatenggo, N. (2016). Landasan Pendidikan. Jakarta: Bumi Aksara.

Haryono, T., and Budi, S. (2021). Effectiveness of Rasch Model in Evaluating Cooperative Learning
Instruments. Journal of Educational Psychology.

Johnson, D. W., and Johnson, R. T. (2009). An Educational Psychology Success Story: Social
Interdependence Theory and Cooperative Learning. Educational Researcher, 38(5), pp. 365-379.

Lestari, M. (2022). The Implementation of Teams Games Tournament (TGT) Using Uno Cards in
Physics Education. Journal of Science Education, 8(2), 97-105.

Luo, YJ., Lin, M.L., Hsu, C.H., Liao, C.C. and Kao, C.C. (2020). The effects of team-game-
tournaments application towards learning motivation and motor skills in college physical
education. Sustainability, 12(15), p.6147.

Mggelvang, A. (2024). Cooperative learning in oceanography. Oceanography, 37(1), pp.160-162.

Muslich, M. (2011). Pendidikan Karakter Menjawab Tantangan Krisis Multidimensional. Jakarta:
Bumi Aksara.

Rani, R. (2019). Enhancing Student Engagement with Game-Based Learning in Science Education.
International Journal of Educational Development, 6(3), 78-85.

Sagala, S. (2012). Konsep dan Makna Pembelajaran. Bandung: Alfabeta.

Siregar, D., Tarigan, S.H. and Sofiyah, K. (2024). Pengaruh Model Pembelajaran Teams Games
Tournament (Tgt) Untuk Meningkatkan Hasil Belajar Matematika Terhadap Materi Penjumlahan
Dan Pengurangan Kelas 111 SD. SCIENCE: Jurnal Inovasi Pendidikan Matematika dan IPA, 4(1),
pp.7-15.

Siswati, H.A., Sunarno, W., Suparmi. (2012). Pembelajaran Fisika Berbasis Masalah dengan
Menggunakan Metode Demonstrasi Diskusi dan Eksperimen Ditinjau dari Kemampuan Verbal dan
Gaya Belajar. Jurnal Inkuiri, 1(2) pp. 132-141.

Slavin, R. E. (1995). Cooperative Learning: Theory, Research, and Practice. Allyn & Bacon.

Stokes, J. (2024). Collaborative Critical Thinking Problem Sets Enhance Student Perceived Learning
and Promote Student Practice Outside of the Classroom. Physiology, 39(S1), p.801.

Sudjana, N. (2001). Penelitian Hasil Proses Belajar Mengajar. Bandung: PT Remaja Rosdakarya.
Suprijono, A. (2009). Cooperative Learning. Yogyakarta: Pustaka Pelajar.

Tarim, K. (2009). The Effects of Cooperative Learning on Preschoolers’ Mathematics Problem-
Solving Skills. Educational Studies, 35(1), 29-38.

e-Journal: http://doi.org/10.21009/1



