Jowrnal

JTAM (Jurnal Teori dan Aplikasi Matematika)
http://journal.ummat.ac.id/index.php/jtam

ahe, 3
sl
ﬂ p-ISSN 2597-7512 | e-ISSN 2614-1175

Jumgt Teori & Aplikasi \/o5] 8, No. 3, July 2024, pp. 965-982

Kanoma: Learning Media to Improve Students’
Understanding Mathematical Concepts

Khofifah Aluh Sigarini?, Laila Fitrianal*, Rubono Setiawan!
1Departement of Mathematics Education, Sebelas Maret University, Indonesia

Lailafitriana fkip@staff.uns.ac.id

ABSTRACT

Article History:

Received :29-04-2024
Revised :22-06-2024
Accepted :26-06-2024
Online :19-07-2024

Keywords:

Kanoma;

Learning Media;
Understanding Concept;
Quadratic Equations;
PLOMP Approach.

This research was conducted to determine the validity, practicality, and
effectiveness of Kanoma’s learning media in improving the understanding of
mathematical concepts in high school students in class X. This research applied
development research design with the PLOMP approach developed by Tjeerd
Plomp. The stages of development using the PLOMP approach include preliminary
investigation, product design, construction, testing, and implementation. The
population in this research were all ten-grade students at a vocational high school.
The research sample consisted of 16 students in the experimental class and 14
students in the control class. These students were selected randomly using the
cluster random sampling technique. The instruments utilized in the study included
assessments by media experts, questionnaires for students and teachers, and
pretest and posttest evaluations of mathematical understanding. The instruments
given to media experts is used to validate the Kanoma media and its content. The
questionnaires for students and teachers were used to test the practicality of the
developed Kanoma media. These quistionnaires gathered feedback on how easy
and useful the media was in a classroom setting. The pretest and posttest were
designed to measure students’ understanding of mathematical concepts related to
finding the roots of quadratic equations. The average value given by material
experts from the two validators of Kanoma’s media is 0.82. The average value given
by media experts from the two validators is 0.90. The results show that the Kanoma
media was categorized as “very valid” by both material and media experts. This
indicates that media was suitable for use by class X students in senior high school.
Kanoma media is also classified as practical based on the average percentage of
student and teacher responses. The responses from students scored 73%,
categorized as “practice”. The responses from teachers scored 81%, categorized as
“very practice.” Kanoma media is effective based on the Mann-Whitney Asyptotic
Sig. (0.002) < a (0.05) . The results showed a significant improvement in
mathematical understanding. Students who used the Kanoma media had a better
grasp of the mathematical concepts than those who did not.

d ; Crossref '@@

https://doi.org/10.31764 /jtam.v8i3.23076 This is an open access article under the CC-BY-SA license

A. INTRODUCTION

2

Mathematics is a fundamental subject in formal education, being taught at every level of

schooling (Monalisa et al, 2021). Among the various abilities required in mathematics,

understanding concepts stands out as crucial. Concept understanding entails students' capacity
to explain, provide evidence, offer examples and non-examples, generalize, apply, and articulate
concepts (Yuliany et al., 2019). This ability is paramount for students' success (Farman et al.,
2021) and serves as the cornerstone of their academic achievements (Fonseca & Henriques,
2020). In understanding concepts, students not only acquire knowledge of the material but also
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develop the proficiency to apply procedures, thereby facilitating problem-solving (Rahmadiani
et al., 2024). Furthermore, students who understand mathematical concepts are better
positioned to comprehend more complex topics (Yuliany et al., 2019).

Despite the significance of concept understanding, the level of students’ mathematical
understanding is still low (Ammy, 2021). Many students encounter difficulties in achieving a
good understanding of mathematical concepts (Rohmah & Setyaningrum, 2022). This struggle
is evident in the persistent low learning outcomes observed among students (Manik et al,,
2021). Based on interviews with tenth-grade mathematics teachers at vocational high schools,
it was revealed that students face challenges in understanding quadratic equation material,
particularly in determining the roots of quadratic equations. Moreover, there is a lack of
appropriate learning media in schools to support the teaching-learning process. Teachers often
resort to using PowerPoint presentations and traditional teaching models. This deficiency in
suitable learning tools likely contributes to the students' low comprehension of mathematical
concepts in related subjects.

In response to the identified challenges, exploring strategies to enhance students'
understanding of mathematical concepts is imperative. One of the things that can be done to
improve students' ability to understand mathematical concepts is the application of learning
media (Afhami, 2022). Learning media serves as a conduit for delivering educational content
from teachers to students Yulistia (2024), and engaging students in learning activities to
achieve their academic objectives (Zahroni, 2022). The selection of appropriate learning media
has the potential to enhance the quality of learning, thereby aiding students in comprehending
the material more effectively (Topano et al., 2023). Previous research shows that Ludo
Kartesius media can improve students' understanding of mathematical concepts. (Sumadi et al,,
2022). In the other studies, the media of the Venn Gram can be used to improve the student's
understanding of concepts of set operations Prillyana et al. (2020) and GeoGebra-based
Fractional Gap media can be used to improve students’ understanding of concepts in
subtraction and addition of fractions (Nashiroh & Zainuddin, 2023). This shows the great
potential of using learning media, which can deepen students' understanding of mathematical
concepts if specifically designed and appropriate.

A questionnaire distributed to tenth-grade students at vocational high schools indicated
their need for learning media, particularly preferring group learning settings. They preferred
game-based learning tools to mitigate boredom during lessons while facilitating interactive
learning experiences. In addition, game card media is the favorite chosen by students as the
most desired learning media to help overcome difficulties in learning mathematics. Based on
the data from interviews and student needs questionnaires, the solution that can be provided
is the development of game card-based learning media specifically designed for finding the
roots of quadratic equations.

One of the game cards that can be used as learning media is domino cards. It can be used as
learning media with modifications according to the material being taught (Khairurrijal et al,,
2023). Previous research shows that using dominoes in multiplication operations in
elementary schools can support students in mastering the material and help in memorizing
multiplication operations (Adawiyah & Kowiyah, 2021). In addition, domino card media makes
it easier for students to understand the concept of angle material in junior high school Rahman
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& Amalia (2019), and domino card is effective in enhancing the student's understanding of
animal life cycles in natural science (IPA) subject (Febriani & Arini, 2023). Although various
studies have shown that domino cards can be a successful learning media that positively affects
students' mathematical concept understanding ability, their use so far tends to be limited to the
elementary school level and for subjects outside of mathematics. Furthermore, research has yet
to specifically explore the application of domino cards to the material of finding the roots of
quadratic equations. This shows the unexplored potential of dominoes media to improve
students' mathematical concept understanding ability on finding the roots of quadratic
equations at the senior high school level. This underlies the researcher's development of Kartu
Domino Matematika (Kanoma). The difference between the Kanoma developed by researchers
and other domino cards lies in the aspect of student abilities that will be improved and the
content of the learning materials. The Kanoma focuses on enhancing the ability to understand
mathematical concepts in quadratic equations, especially in finding the roots of quadratic
equations. The distinction of Kanoma from other domino cards lies in its specialized
development aimed at enhancing students' mathematical concept comprehension across four
key indicators: (1) restating a concept, (2) providing examples and non-examples, (3)
classifying objects based on specific properties related to the concept, and (4) utilizing,
leveraging, and selecting specific procedures or operations. For instance, in Kanoma, the
practice of providing examples and non-examples is integrated when teachers explain the
material. Students restate concepts by describing how they can match one Kanoma card with
another. Object classification is implemented as students seek card pairs under the condition
"quadratic equation - roots of quadratic equations." They must match the quadratic equations
on one Kanoma card with their corresponding roots on another, or vice versa. Furthermore, the
indicator of using procedures or operations is implemented in Kanoma when students choose
between factoring methods or quadratic formulas to determine the roots of quadratic
equations. Additionally, the use of Kanoma requires students to match quadratic equation roots
with their corresponding equations, aiding in the classification and grouping of equations by
their roots, selecting appropriate methods, and expressing opinions in their own words,
indicating that students can refine their understanding of mathematical concepts. Kanoma also
includes a user guidebook intended for teachers to facilitate student use. The guide provides
detailed explanations on how to use Kanoma in the classroom, including answer keys to
materials presented through Kanoma. Furthermore, the Kanoma guidebook features a QR code
directing students to the arrangement of Kanoma cards, accessible for independent learning
after gameplay. Therefore, based on the background described previously, this research was
conducted to determine the validity, practicality, and effectiveness of Kanoma learning media
in improving understanding of mathematical concepts in class X students at vocational high
school.
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B. METHODS
1. Research Design

The type of research used in this study is development research, which aims to produce a
product and test its effectiveness. Development research involves stages to create new
products or improve existing products, followed by testing to assess their functionality and
efficiency. The method used is research and development (RND) with the PLOMP approach. The
stages of PLOMP are preliminary investigation, product design, construction, testing, and
implementation (Budiyono, 2017). The preliminary investigation stage analyzes the problems
that occur in the field. The product design stage includes making storyboards, indicators, logos,
front and back of cards, making game rules, packaging displays, and making Kanoma media
guidebooks. The construction stage is realizing the product design that has been made. The trial
stage is conducting Kanoma media trials to see the advantages of Kanoma media compared to
those who do not use Kanoma media. The implementation stage is the dissemination of
research results. The population in this study were all ten-grade students at Batik Vocational
High School 1 Surakarta. The research sample was taken based on the cluster random sampling
technique. The cluster random sampling technique was used to select two classes, X TK] 2 and
X TK] 3, from a total of nine classes based on the curriculum delivery schedule and the same
teachers. Class X TK] 2 consisted of 16 students and became the experimental group that
received treatment using Kanoma media, while X TK] 3, with 14 students, became the control
group without Kanoma media.

2. Product Validity

In this study, each statement item in the validation questionnaire for material experts and
media experts was scored using a Likert Scale with four scoring categories, namely score 4 for
very suitable, 3 for suitable, 2 for less appropriate, and 1 for not suitable (Budiyono, 2017). The
instruments given to media experts consisted of 12 items to validate the Kanoma media. The
instrument for content experts included 15 items to validate the content of the Kanoma media.
The analysis of product validity in this study was carried out using the Aiken Validity Index. The
score obtained will be calculated using the following formula (Hastuti et al., 2023).

X(r—1Ip)
[n(c —1)]

Information: V is the validity score, r is the score given by the validator, I, is the lowest
possible score (i.e. 1), n is the number of validators, and c is the number of scoring categories
(i.e. 4). After obtaining the validity value, the results will be interpreted into the following
validity categories (Tisna MS et al., 2023), as shown in Table 1.



Laila Fitriana, Kanoma: Learning Media to Improve... 969

Table 1. Category Validity

Interval Values Category
0.80 <V < 1.00 Very high validity
0.60 <V < 0.80 High validity
0.40 <V < 0.60 Medium validity
0.20 <V <0.40 Low validity
0.00 <V <0.20 Very low validity
0.00<V Not valid

Information: V is the average total validity score from all validators. Table 1 shows the six
validity categories calculated using the Aiken validity index. The calculation of this index
involves expert judgment on the relevance of each item. The results are categorized as 'Invalid'
which indicates that the item does not meet the minimum criteria for validity. 'Very low validity'
indicates that the item has significant problems and is barely valid. 'Low validity' indicates that
the item has some issues and is not very valid. 'Medium validity' indicates that the item is
moderately valid and meets the minimum criteria to be considered valid. 'High validity’
indicates that the item is valid and measures the intended construct well. 'Very high validity'
indicates that the item is highly valid and is an excellent measure of the intended construct.
Each category is based on the calculated score of the Aiken validity index and is used to assess
the validity of the items evaluating the Kanoma media. Items classified as 'Medium validity' and
above are considered valid, where 'Very high validity' indicates the highest level of validity.

3. Product Practicality

The next step is to test the product based on its practicality. The product practicality test
was conducted by distributing questionnaires for student and teacher responses. These
questionnaires collect feedback on how easy and useful the media is in classroom learning. Each
statement item on the practicality questionnaire for students and teachers was scored using a
Likert Scale with five scoring categories, namely score 5 for strongly agree, 4 for agree, 3 for
undecided, 2 for disagree, and 1 for strongly disagree (Budiyono, 2017). The score obtained will
be calculated using the following formula (Arif & Mukhaiyar, 2020).

) Score Obtained
Practical Value = - X 100%
Maximum Score

After calculating the practicality score, the average score will be interpreted into the
following categories, as shown in Table 2.

Table 2. Category Practicality

Interval Values Category

0.80 < P < 1.00 Very practical
0.60 < P < 0.80 Practical

0.40 < P < 0.60 Moderately practical
0.20 < P < 0.40 Less practical

0.00 <P <0.20 Not practical
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Information: P is the average score of practicality score. Table 2 shows the five categories
of practicality calculated from the student and teacher responses. The results are categorized
as 'Very practical' indicating that the product is very easy to use and very effective in practical
applications. 'Practical’ indicates that the product is easy to use and effective in most practical
applications. 'Moderately practical’ indicates that the product is moderately easy to use and
effective, but may require some improvements. 'Less practical’ indicates that the product has
some usability issues and is less effective in practical applications. 'Not practical' indicates that
the product is difficult to use and ineffective in practical applications. Each category is based on
responses from students and teachers regarding the practicality of the Kanoma media. Products
classified as 'Practical’ and above are considered practical for use.

4. Product Effectiveness
The effectiveness test was carried out by experimental research with the randomized static

group comparison design. The design can be seen in Table 3 (Budiyono, 2017).

Table 3. Design of Randomized Static Group Comparison Design

Treatment Posttest
Experiment Class X T,
Control Class - T,

The researcher calculated this post-test data using the Mann-Whitney nonparametric
statistic on the SPSS version 27 application. The Mann-Whitney test was chosen because it is
suitable for comparing two independent groups when the data does not meet the normal
distribution assumptions required for parametric tests. This statistic does not assume a
particular data distribution, such as a normal distribution, and does not require the data to have
equal variances. (Suharianto et al.,, 2022). The step is to enter the post test data from the
experimental class and control class then enter:

Analyze - Nonparametric Tests - Independent Samples

Select the Mann-Whitney U test option then run the test to get the Asymp. Sig. (2 — tailed)
value. Decision-making criteria are based on a comparison between the Asymp.Sig.(2 —
tailed) and the significance level a (commonly setat 0.05). The significance level a represents
the significance level used to assess whether the observed difference is statistically significant.
If Asymp.Sig. (2 — tailed) < a then the null hypothesis (H,), which states that there is no
significant difference between the two groups, is rejected. Whereas if Asymp. Sig. (2 — tailed)
> a, then the null hypothesis (Hy) is accepted, indicating no significant difference between the
groups.
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C. RESULT AND DISCUSSION

The design and research were carried out in a vocational high school class X. The resulting
product is a Kartu Domino Matematika (Kanoma) learning media on the material of quadratic
equations. The product design and research process uses the Research and Development
method with the PLOMP approach. Here are the steps to ensure the validity of the Kanoma
learning media product:
1. Preliminary Investigation

a. Preliminary Research

Preliminary research in the form of the acquisition of student work shows a low
understanding of mathematical concepts at vocational high school. This can be seen
from the results of student work on arithmetic sequence material with problem (a) Find
the formula for the sum of the first n terms and the sum of the first 20 terms of the
arithmetic sequence 2, 5, 8, 11,... and problem (b) If the 7th term of an arithmetic sequence
is ten and the 13th term is -2, find the 15th term of the sequence! Student work in solving
problems can be seen in Figure 1 and Figure 2 as follows.

Sowaban Uz= 4466 <lo = Qs lo-6h
A2z, Jan b < Ya = O 32k * -2 a = lo-~€b
Sar 5 o Ceatdnn) ly -G bt Bpa-g | 0a :o %('(z}z)
bbb » -2 -lb a=l6 &
SN . a2 (124 (204)7) bhe -2 « - 22
> (0. Gy 5 e - —2) Sha Y (Lo 4(n tat)
~ ] z
Q30 b %—ﬁm‘zjﬂ‘f‘ﬁ“@' =
Adadt  dvalah 26 Sol’ Periam@ - G
Figure 1. Sample Student Answer to Figure 2. Sample Student Answer to
Question (a) Question (b)

Based on Figure 1, students are mistaken in writing the "difference” of the arithmetic
sequence. This shows that students still do not understand "difference" in arithmetic
sequences. Meanwhile, based on Figure 2, students need to be corrected in writing the
formula for the nth term in an arithmetic sequence. This indicates that students' ability
to understand concepts in arithmetic sequence material still needs to improve.

In addition, based on interviews with ten-grade mathematics teachers at vocational high
school, information was obtained that students still have difficulty in quadratic equation
material, especially in determining the roots of quadratic equations. Schools also still
need more learning media to support the continuity of the learning process. The learning
process in class usually uses PowerPoint media and discovery learning models. However,
using media and learning models still needs to improve learning outcomes.

. Need Analysis

To follow up on the interview results, the researcher distributed a learning media needs
questionnaire to students to find out whether learning media was needed or not, the
results were that 90% of students stated that they required learning media other than
those commonly used. Based on the questionnaire results, 33% of students stated that
game cards are the usual media used to learn math at school. In addition, 88% of
students said that they prefer learning in groups. In the questionnaire, the researcher
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also asked about the media that students choose to overcome difficulties in learning
math, the results of which most students answered the game card media because they
were not bored during lessons and could learn while playing. Based on these data, the
researcher decided to develop math dominoes.
c. Literature study

The literature study was conducted to identify relevant materials. Researchers reviewed
the quadratic equation material based on the learning objectives in this case. The
learning objectives in this study are in Table 4 below.

Table 4. Learning Objectives

Learning Objectives
Students can determine the roots of quadratic
equations by factoring and quadratic formula (ABC
formula)

2. Product Design
a. Create a Storyboard
This step is done by creating an overview of the Kanoma media design developed. The
Kanoma media storyboard consists of the front and back views of the Kanoma media,
the Kanoma media game rules, and the Kanoma packaging display. The following is an
explanation of the Kanoma media storyboard as shown in Figure 3, Figure 4, and Figure
5.

(1)

(6)
(2) (3)

(4) (5)

(a) (b)
Figure 3. Storyboard: Part 1 (Kanoma Card View) (a) The front card view;
and (b) The back card view

Description: (1) is Quadratic equation; (2) and (5) is the first root of the quadratic
equation; (3) and (4) is the second root of the quadratic equation; and (6) Kanoma logo
and cover.
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(a)

. A
p. vy

Figure 4. Storyboard: Part 2 (Kanoma Game Rules View)

Description: (a) is Game rules.

(a) (b) () (d)

]

Figure 5. Storyboard: Part 3 (Kanoma Packaging Display)

Description: (a) is Kanoma Logo and Cover; (b) is Media Developer; (c) is Game Rules;
and (d) is writing: Math Domino Cards-Roots of Quadratic Equations.

b. Develop Kanoma Media Indicators
Kanoma media is designed to meet the indicators of understanding mathematical
concepts. The indicators used consist of (1) restating a concept, (2) giving examples and
non-examples of concepts, (3) classifying objects according to specific properties
according to their concepts, and (4) using, utilizing, and selecting specific procedures or
operations. The concept discussed in this study is related to quadratic equations,
especially in finding the roots of quadratic equations by factoring or using the quadratic
formula. Based on the Kanoma media storyboard, several quadratic equations and roots
of quadratic equations are needed. In this case, five different quadratic equations and
the origins of the five quadratic equations were developed into 25 cards.

c. Develop Kanoma Media Logo
The Kanoma media logo was developed in the Instagram application, namely by
uploading a plain white background photo to the Instagram story and then writing the
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word "Kanoma” in the center of the background. After that, the image was saved and
converted into .png format, resulting in the Kanoma logo, as shown in Figure 6 below.

Figure 6. Kanoma Media Logo

d. Develop Kanoma Media Display
The creation of the front and back views of the Kanoma media is based on the
explanation on the storyboard and is made using the Canva application. The selection of
basic black, red, yellow, green, and blue colors aims to produce an attractive visual
composition. Design elements such as icons, images, and text are selected from Canva
and arranged in such a way as to be consistent and easily understood by users. The
Kanoma media display is shown in Figure 7 and Figure 8 below.

Figure 7. The front card view  Figure 8. The bac ca

e. Develop Kanoma Game Rules Display
The Kanoma game rules display is similar to the back card view of the Kanoma media,
as in Figure 8, but there is an additional white space to put the writing of the Kanoma
media game rules, as in Figure 9. The Kanoma media game rules are made separately
first and then placed on one side of the Kanoma media packaging according to the
storyboard that has been made. The game rules of the Kanoma media are as follows: (a)
divide the cards equally. If there are leftover cards, keep them at the center of the
tournament table; (b) the game begins by opening one card from the remaining deck of
cards. If no remaining cards exist, the game is started by one of the players chosen
according to mutual agreement; (c) match the card on one side of the open card with the
provisions of "quadratic equation-root of the quadratic equation;" (d) the game rotates
clockwise; (e) if you do not find a matching card, you must take one card from the
remaining pile (if the card from the remaining pile runs out, the game continues to the
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next-turn player); and (f) the winner is taken from the player who finishes the card first.
The following is the Kanoma Games Rules Display, as shown in Figure 9.

AN TN 5
Aturan bermain: ©
+ Bagi kartu sama rata, opabila ferdapat ™
kartu sisa, simpan di bagian tengah >
meja turnamen. ~
s Permainan diawali dengan membuka
satu kartu dari tumpukan kartu yang
tersisa. Apabila tidak ada sisa kartu,
permainan  diawali oleh salah  sotu =&
N pemain yang dipilih sesuai kesepakatan
~ bersama. =
= « Cocokkan kartu pada soloh satu sisi )
€ kortu yong terbuko dengan ketentuan g
B "persamaan kuadrat - akar persamaan
LS kuadrat” (
+ Pormainan bargilir searah jarum jam.
s Jika tidak menemukan kartu yang cocok,
maka harus mengambil satu kartu dari
tumpukan yang tersisa (jika kartu dari
tumpukan  sisa habis,  permainan
dilanjutkan  kepada  pemain  giliran
berikutnya).
d s Pemenang diambil dari pemain yang
= berhasil menghabiskan kartu terlebih
dahulu. p
&
e \ o~
= NN

Figure 9. Kanoma Games Rules Display

f. Develop a Kanoma Packaging Display

The packaging design development for Kanoma media was carried out in two stages,
utilizing the Templatemaker website and the Canva design application. The first stage is
creating a packaging framework using Templatemaker, an online platform specifically
designed to produce basic patterns or packaging nets. The framework produced at this
stage serves as the basis or initial canvas that will be developed further. The process
then continues to the second stage, where the design elements are applied using Canva.
Through Canva, the previously created framework is transformed into a packaging
design with various visual aspects such as color selection, text placement, and images.
The Kanoma media packaging display can be seen in Figure 10 and Figure 11. The blue
triangle on the image is only used as a signpost when printing the Kanoma media
packaging design. The Kanoma media packaging display will then be printed, cut out
following the lines on the packaging net, and glued using glue to form a card packaging
box, as shown in Figure 10 and Figure 11.

Figure 10. The inside packaging view Figure 11. The outside packaging view
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g. Develop a Guidebook for Using Kanoma Media

A guidebook for using Kanoma media was developed using Microsoft Word. The primary
purpose of making this guidebook is to support teachers in facilitating students' use of
Kanoma learning media. The content of the manual includes several components
designed to support learning activities. First, the guidebook provides a detailed
explanation of how to use the Kanoma media in the classroom. Second, the guidebook
has an answer key to the content presented through Kanoma media. The availability of
the answer key is expected to facilitate teachers in checking and evaluating students’
understanding of the material taught using Kanoma media. Finally, the guidebook for
using Kanoma media is also accompanied by a QR Code that directs students to the
arrangement of Kanoma media cards that can be accessed independently. Including this
QR Code also shows the utilization of technology in supporting student engagement with
learning materials. Overall, the Kanoma media usage guidebook is designed not only as
a usage guideline but also as a means to improve learning effectiveness through Kanoma
learning media.

3. Construction

The construction stage is carried out by printing all Kanoma media components, namely
Kanoma cards, packaging boxes, and a guidebook for using Kanoma media. After the Kanoma
cards are printed, the edges are trimmed to form a curve and not sharp. Meanwhile, the printed
Kanoma packaging is cut out following the lines on the packaging net and glued using glue to
form a card packaging box.

4. Testing
a. Validity
1) Materi Expert Validation Results on Kanoma Learning Media
The results of validating the Kanoma learning media with a questionnaire consisting
of 12 statements that were assessed by a lecturer and a mathematics teacher in
vocational high school or validators can be seen in the following Table 5.

Table 5. Material Expert Validation Results

vV Category
0.82 Very High Validity

2) Media Expert Validation Results on Kanoma Learning Media
The results of validating the Kanoma learning media with a questionnaire consisting
of 15 statements that were assessed by a lecturer and a mathematics teacher in
vocational high school or validators can be seen in the following Table 6.

Table 6. Media Expert Validation Results

| 4 Category
0.92 Very High Validity
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b. Practicality
The students’s responses to Kanoma media showed a practicality percentage of 73%.
This indicates that the Kanoma media developed is considered practical. On the other
hand, the teacher's responses to Kanoma media showed a practicality percentage of 81%,
which is classified as "very practical." Based on the results of the practicality test, it can
be concluded that the Kanoma media developed is practical for use in learning.

c. Effectiveness
Before testing the effectiveness of Kanoma learning media, the data obtained were
tested for normality first. Normality testing and the effectiveness of Kanoma media were
carried out using SPSS version 27 to get more accurate results, as shown in Figure 12.

Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Class Statistic df Sig. Statistic df Sig.
Posttest Score  Control 278 14 004 878 14 055
Experime 207 16 066 817 16 148

a. Lilliefors Significance Correction

Figure 12. SPSS K-S Normality Test Experimental and Control Class

Based on the normality test results in Figure 12, the Sig. The Kolmogorov-Smirnov
column shows a value of 0.04 for the control class. This indicates that the p value < 0.05
so HyIs rejected. This means that the control class sample data is not normally
distributed. On the other hand, the Sig. The Kolmogorov-Smirnov column shows a value
of 0.066 for the experimental class. This indicates that the p value > 0.05 so H,Is
accepted. This means that the experimental class sample data is normally distributed.
Since one data group is not normally distributed, all sample data is not standard.
Therefore, this shows that the conditions for using the Mann-Whitney nonparametric
statistical test are met. The researcher also used SPSS version 27 to ensure the accuracy
of calculating the Kanoma media effectiveness test. Figure 13 below shows the results.

Independent-Samples Mann-Whithey U
Test Summary

Total M 30
Mann-Whitney U 184.000
Wilcoxon W 320.000
Test Statistic 184.000
Standard Error 23.399
Standardized Test 3.077
Statistic

Asymptotic Sig.(2-sided .00z
test)

Exact Sig.(2-sided test) ooz

Figure 13. SPSS Effectiveness Test Results
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Based on Figure 13, it can be seen that the Asymptotic Sig. (2-sided test) value is 0.002.
This shows that Asymptotic Sig. (2-sided test) < 0.05 so Hyls rejected. Thus, there is a
difference in mathematics learning outcomes between the experimental class that uses
Kanoma media and the control class that does not use Kanoma media. Furthermore,
based on Figure 14 below, it can be seen that the average value of the posttest in the
experimental class using Kanoma media is 60.1563, with a standard deviation of
21.51489. Meanwhile, the mean value of the posttest in the control class that did not use
Kanoma media was 41.0714, with a standard deviation of 10.31775. this shows that the
difference between the means of the experimental and control classes is quite significant,
namely 19.0845, as shown in Figure 14.

FPosttest Score

Std. Error of
Class Mean I Std. Deviation Mean
Control 41.0714 14 1031774 2.75754
Experimental  60.1563 16 21.514849 5.37872
Total 51.2500 30 1851734 3.56336

Figure 14. The Results of the Posttest Descriptive Data

5. Implementation

The implementation stage in this study is the activity of disseminating Kanoma media to
users. After the media was declared valid, practical, and effective, researchers conducted
Kanoma media dissemination activities to mathematics teachers at vocational high schools.
This research and development uses the PLOMP approach, which has the stages of preliminary
investigation, product design, construction, testing, and implementation. The learning media
produced through this research and development is a game card called Domino Math Cards
(Kanoma). Kanoma media is based on the problems found in schools, the needs of students and
teachers, and the learning objectives to be achieved on related materials. Kanoma media then
enters the design stage, starting from creating a storyboard, Kanoma logo, the appearance of
the front and back of the Kanoma card, developing Kanoma game rules, Kanoma packaging
display, and developing a guidebook as a reference when using Kanoma learning media during
learning. After all the designs have been made, the next stage is the construction stage, which
prints the designs into natural products. The construction stage produced a guidebook for using
the media, a packaging box, and three levels of Kanoma media, with each level containing 25
cards. Kanoma cards are rectangular with a size of 6.35 x 8.89 cm and made of glossy art paper.

After all Kanoma media components are formed, Kanoma media is consulted to material
experts and media experts, each consisting of two validators. The results of expert validation
are obtained from the results of the validator's assessment by filling out the material expert and
media expert assessment sheets. The material expert assessment sheet consists of 12 statement
items, while the media expert assessment sheet consists of 15 statement items representing
Kanoma media's validity. The results of the validity of Kanoma media from material experts
consisting of a lecturer and a mathematics teacher at a vocational high school show that the
Kanoma media developed is included in the category of products with very high validity with a
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validity value of 0.82. Meanwhile, the assessment of media experts, who consisted of a lecturer
and a mathematics teacher at a vocational high school, obtained a score of 0.92. This shows that
Kanoma media has very high validity. The validity of Kanoma media is also obtained based on
the suggestions and input provided by the validator. The results of the revision of Kanoma
media after being validated in the form of additional levels of Kanoma cards. Kanoma 1 media
consists of 25 cards containing five quadratic equations with a coefficient x squared ofl1.
Kanoma 1 media is intended for student groups with low learning ability category. Kanoma 2
media consists of 25 cards containing five quadratic equations with a coefficient x squared of?2.
Kanoma 2 media is intended for students with medium ability. Kanoma 3 media consists of 25
cards containing five quadratic equations with coefficsquared is 3. Kanoma 3 media is designed
for students with high ability. To play Kanoma media, students must find pairs of cards with the
terms "quadratic equation-root of a quadratic equation." students must match the quadratic
equation on a Kanoma card with the root of the quadratic equation on another Kanoma card.
After revisions, the Kanoma learning media was declared to apply to learning in schools.

The application of Kanoma media in schools is aimed at assessing the practicality and
effectiveness of Kanoma media in improving students' concept understanding ability on the
material of finding the roots of quadratic equations. The practicality of Kanoma media is
measured from student and teacher responses. In contrast, the effectiveness of Kanoma media
is measured by comparing learning outcomes between classes that use Kanoma learning media
and classes that do not use Kanoma learning media. The practicality test results from student
responses show that the Kanoma media developed are included in the practical category with
a practicality value of 73%. Meanwhile, the practicality value obtained from the math teacher's
response was 81% and included in the practical category. With the acquisition of a good
practicality value, Kanoma media is expected to improve students' mathematical concept
understanding ability at school, especially in terms of finding the roots of quadratic equations.

Furthermore, the effectiveness of Kanoma media was tested by processing data from the
post-test results of experimental and control class students. The data from the posttest results
were first checked for distribution, whether customarily distributed or not. The test was
conducted using SPSS version 27 with results showing that the posttest data of experimental
class students were normally distributed. Still, the posttest data of control class students were
not normally distributed. Due to the non-normality of the data, the Mann-Whitney test was used
to test the effectiveness of Kanoma media. Testing was also carried out using SPSS 27 to test
the null hypothesis, namely H, (the distribution of posttest scores is the same across class
categories). The results showed that. Hyls rejected. Thus, there is a difference in mathematics
learning outcomes between the experimental class that uses Kanoma media and the control
class that does not use Kanoma media. This can be seen from the fact that the difference
between the means of the experimental and control classes is quite large, namely 19.0845.

Compared to previous studies, Kanoma, a game-based learning media specifically designed
to improve students' understanding of quadratic equations, is introduced in this study.
Although various instructional approaches have been explored previously, Kanoma uniquely
integrates interactive games with targeted learning objectives tailored to different learning
abilities. The findings from this study build on previous research by showing that Kanoma
significantly improves students' understanding of mathematical concepts, especially in
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identifying the roots of quadratic equations, as evidenced by the assessment of practicality and
effectiveness.

The interpretation of these results emphasizes the effectiveness of Kanoma in an
educational setting. By engaging students through interactive games aligned with curriculum
objectives, Kanoma not only enhances conceptual learning but also encourages deeper
engagement with quadratic equations. Its practical implications include its potential to
complement traditional teaching methods, meeting the diverse learning needs of students.
However, limitations such as the need for further adaptation for different educational contexts
and potential biases in assessment methodologies are also recognized. The findings contribute
to existing knowledge by demonstrating the efficacy of game-based learning media such as
Kanoma in improving math learning outcomes. Addressing the specific challenges of teaching
quadratic equations, Kanoma enriches instructional practice with a tangible tool that supports
teachers and students. This contribution is not only limited to the theoretical framework, but
also to practical applications in educational settings, potentially influencing curriculum
development and learning strategies. Despite its strengths, limitations of this study include its
focus on a specific age group and educational setting. Future research could explore the
scalability of Kanoma across different grade levels and subjects to further validate its wider
applicability. Also, although the Mann-Whitney test provided strong statistical evidence, future
research may consider using complementary methodologies to triangulate the findings and
reduce potential bias.

D. CONCLUSION AND SUGGESTIONS

Kanoma media developed through the PLOMP research and development approach is a
very valid. Material validity experts gave very high validity scores (0.82), which indicates a
strong alignment between Kanoma media and educational content standards. Similarly, media
validity experts gave a score of 0.92, which confims that Kanoma media meets high standards
in terms of its instructional design, presentastion, and suitability for educational purposes. To
assess the effectiveness of Kanoma media in improving students’ understanding of
mathematical concepts, specifically, finding the roots of quadratic equations in class X of
vocational high school, a posttest comparison was conducted between the experimental class
that used Kanoma media and the control class that did not use Kanoma media. The results of
statistical analysis using SPSS version 27 show that the value of Asymptotic Sig. (2-sided test)
< 0.05, which indicates a significant difference in math learning outcomes between the
experimental and control groups. This rejection of the null hypotesis ( H,) sopports the
conclusion that Kanoma media effectively improves student’s learning outcomes in
mathematical concepts compared to traditional methods. The practicality of Kanoma media
was confirmed through high satisfaction ratings from students (73%) and teacher (81%), who
categorized it as ‘practical’ and ‘very practical’ respectively. These findings underscores the
usefulness and effectiveness of Kanoma media in teaching mathematics concepts.

Based on the research results on the Kanoma learning media design on the Quadratic
Equation material for class X students at vocational high school, the researcher recommends
that teachers integrate this media into the curriculum by compiling a module that contains
steps for use and organizing a planned schedule for its use. Teachers can use Kanoma in
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collaborative learning in class, monitor student progress, and provide feedback. Students are
expected to use the QR code in the guide for self-study at home, and complete all questions to
improve concept understanding. In addition, it is important for students to pay attention to the
teacher's instructions when using Kanoma in order to maximize the benefits of this media. The
researcher also suggested making a video tutorial on the use of Kanoma media that can be
accessed by students before learning takes place. This is important to do so that all students
can understand the use of Kanoma media better and evenly, even though the media has been
practiced in front of the class. The next suggestion is for other researchers. Other researchers
are expected to develop Kanoma with a wider range of materials to improve students'
understanding of mathematical concepts.
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