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This study discusses the development and effectiveness of game instruction on
mathematical communication skills. This feature, developed using Microsoft
PowerPoint, provides learning instructions with a chain game called algebra
dominoes. The principles of independent learning and mastery learning are
strategies in learning to ensure that students can learn independently during the
Covid-19 pandemic. This study was developed based on Research & Development
with systematic, comprehensive, and coherent stages through strict quality control
through the Analysis, Design, Development, Implementation, and Evaluation
(ADDIE) design. The results showed that the domino algebra developed was
feasible to be mass-produced and used in mathematics learning based on expert
validity tests, user practicality tests, and effectiveness tests on students'
mathematical communication skills. The effectiveness test results show that the
algebraic dominoes games developed are proven to be useful in developing
students' mathematical communication skills. The results showed that the increase
in students' mathematical communication skills in the experimental class was better
than in the control class. The use of game instructions can be the main alternative
in designing mathematics learning during the Covid-19 pandemic, both online and
offline.
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INTRODUCTION

Until now, the Covid-19 outbreak is still a frightening ghost for humanity around the
world. Since December 2019, in Wuhan, China, the virus has rapidly spread throughout
the world. On March 11, 2020, the World Health Organization (WHQ) declared this
outbreak a global pandemic (Sudarsana et al., 2020). This virus has spread very quickly
to almost all countries. Almost all countries have implemented social restriction policies
to prevent the spread of the coronavirus, including Indonesia. Indonesia has been one of
the countries affected by the Covid-19 outbreak since March 2, 2020. In line with the
guidelines for containing the virus, the Indonesian government has implemented a social
distancing policy to suppress this virus's spread.

Through the Ministry of Education and Culture, the Indonesian government decided to
implement a policy of implementing learning methods with an online system starting in
mid-March 2020. Teachers are required to ensure teaching and learning activities
continue even though students are at home. It prompted the teachers to design and
develop innovative instructional media for learning. Innovation is needed to support
online distance learning-based so that students can be directed to learn independently.
However, mathematical concepts that are abstract, structured, and systematic can
become obstacles for students. Students tend to need teacher guidance to learn
mathematical concepts. In connection with this, the learning process of mathematics
requires learning media that can minimise student difficulties and bridge communication
in learning carried out online and offline. The use of media in learning has the primary
function as a communication tool. As a means of communication between teachers and
students, instructional media can increase the effectiveness and maximum achievement
of learning objectives (Newby et al., 2006), which can be done through information and
communication technology (ICT).

In general, ICT is often used as an "add-on" to demonstrate the latest programs
(Richards, 2005), which can anticipate teacher ambiguity in explaining material
concepts that may appear in the delivery of teaching materials (Umbara et al., 2020), so
the use of ICT has excellent potential as a pedagogical tool if it can be adequately
utilised (Cooper & Brna, 2002). Utilising ICT in learning is an innovation in education
in the context of 21st-century learning, which is marked by the use of information and
communication technology. 21st-century learning as a means of preparing the 21st
century generation can be done by adapting the advances in ICT that are developing
rapidly. Students in 21st-century learning must be prepared and given the opportunity
and required to develop their skills in mastering information and communication
technology so that they can become intelligent, independent, superior, and
uncompromising individuals who can survive in the 21st century.

As systems and learning approaches change, entering the century 21 tasks and teachers'
roles influence the learning process. In this case, the teacher has a vital fundamental role
in guiding, directing, and educating students in the learning process (Davies & Ellison,
1992). One of the ICT learning models that can be developed to guide, direct, and
educate students is a game model. The game model has the main characteristics of
collaborating serious learning and interactive entertainment to bring about cognitive
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changes (Prensky, 2001). The use of game models is expected to foster an interest in
learning and reduce student boredom in learning the material. Interest is needed to
integrate ICT in teaching to make it more useful (Erhel & Jamet, 2013). Based on this,
this research was conducted to develop game-based multimedia. Based on the
development of ICT-based learning with a game model known as Digital Game-Based
Learning (DGBL). DGBL has become a reference medium in education for the past few
years through a form of simulation that allows students to practice their competence in a
virtual environment (Erhel & Jamet, 2013), which can make the learning environment
interesting, meaningful, complex, and fun (Kirkley et al., 2005).

Several previous studies stated that the use of game models could provide learning
motivation to students (Gee, 2005), overcome various learning weaknesses (van
Oostendorp et al., 2014), help students carry out cognitive processes through the
mobilisation of concepts designed in a game (Erhel & Jamet, 2013). Meanwhile, in
learning mathematics, several research results showed that game models could improve
mathematical representation ability (Umbara et al., 2019) and mathematical
comprehension ability (Umbara et al.,, 2020), and increase the acquisition of
mathematical knowledge and maintain student motivation in algebra (Bai et al., 2012),
has a positive effect on the development of number sense for fourth-grade students
(Nejem & Muhanna, 2013).

However, other studies on the use of games in learning contradict the results of the
above research because they do not have a positive effect, there is a disparity between
groups of students, and the difference in their effect on improving student mathematics
achievement. Researches that cause this disparity includes: male students are more
enthusiastic than female students, so that male students tend to be able to recognise
mathematics in the game (De Jean et al., 1999), no difference in algebraic performance
between male and female students (Haynes, 2000), the quality of interactions with
similar instructional goals between teachers and students was lower during the game
than during the non-game segment (Heshmati et al., 2018) and not significantly different
in facilitating students' cognitive math test performance and meta-cognitive awareness
(Ke, 2008).

Several different research results that we have presented above provide insight into the
importance of additional research. Additional studies are needed to investigate further
the effect of computer games on students' mathematical abilities. In this study, we tried
to develop interactive game-based learning to encourage students' learning motivation
and facilitate the development of students' mathematical abilities. The game developed
in this study is named algebra dominoes. Algebra dominoes is a game designed for use
by junior high school students in learning algebra. We use Research & Development
design in developing interactive game-assisted learning to ensure feasibility based on
expert and user judgment. To test the effectiveness of the games being developed, we
tested them to increase students' mathematical communication skills. Based on this, the
purpose of this study is to describe the process of developing domino algebra, the
feasibility of dominoes algebra as interactive game-based learning, and to test the
effectiveness of dominoes algebra on students' mathematical communication skills.
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Based on this framework, the formulation of the problem is as follows: (1) describe the
dominoes algebra development process (2) analyze the feasibility of dominoes algebra
as interactive game-assisted learning, and (3) describe the effectiveness of dominoes
algebra on students' mathematical communication skills in terms of model learning and
early math skills (EMS).

Literature Review
Computer assisted instruction

Computer-Assisted Instruction (CAl) is learning that is carried out using ICT devices.
CAIl's use emphasises communication between humans and computer devices designed
with a particular model to maximise learning independence and overcome student
boredom in learning. A simple definition of CAl is conveyed by Alan B. Salisbury, who
states that CAI is an interaction between humans and computers in learning that is
carried out without the intervention of the instructor (Zhang et al., 2007) which
emphasises an activity-based learning approach (Thomas & Knezek, 2002). Traditional
mathematics learning cannot be denied the possibility of causing boredom for students.
ICT is often used in the latest demonstration programs in learning in the digital world
that serve as an anticipation of student saturation factors for teacher rhetoric in
traditional learning (Cuban, 2009).

Without the intervention intended by Alan B. Salisbury above, it does not mean that the
teacher entirely allows students to learn according to their wishes. The teacher's role
remains an essential part of the CAI learning model. As a CAI facilitator, the teacher's
role is significant to guide students in finding mathematical concepts, ideas, and
procedures. The teacher's role can be carried out through intensive two-way
communication. In general, without the teacher's role, ICT learning has the potential to
be less developed so that direct interaction through pedagogical guidance by the teacher
is necessary (Plowman & Stephen, 2003). In particular, it was stated that CAl would be
more effective when used as a complement to traditional teaching rather than as a
substitute. In other words, CAl used in other teaching strategies was more beneficial for
student learning in science subjects (Bayraktar, 2001).

The use of ICT in science learning serves to support reasoning ability (Chang et al.,
2008), gain more mastery of geometric concepts (Funkhouser, 2002), increase
participation and higher learning outcomes in mathematics learning (De Witte et al.,
2015), and strengthen their understanding of statistical material (Gonzélez & Birch,
2000). The CAIl model used in learning effects of achievement, attitudes and
mathematical retention (Pilli & Aksu, 2013), increase the initial learning process
statistics (Basturk, 2005), provide significant benefits to literacy ability (Macaruso &
Walker, 2008), even useful in learning for students with autism (Pennington, 2010) as
well as on academic performance in universities (Christmann & Badgett, 2000).

The most significant thing in developing CAI to support learning effectively is the
substance of the suitability of the content, the substance of the material, the feasibility of
presentation, and the contextual assessment presented coherently. When substantial
material is delivered coherently, learning can effectively and efficiently be done (Munir
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et al., 2016). The CAI development should not focus on attractive display and content as
it can reduce the communication process between teachers and students (Umbara et al.,
2019). Instruction, developed with CAl, can help students control the speed at which
information is presented (Frederickson et al., 2005). It can be used to see students' skills
and knowledge (Anohina, 2005).

Game rationalization in mathematics learning

In the world of education, including mathematics learning, games in learning are not
new. Amid advances in technology and information, teachers can develop games very
quickly because of the availability of adequate hardware and software. Mathematics
teachers can maximise this opportunity to provide a different learning experience for
students, especially to maintain students' enthusiasm for learning mathematics and insert
entertainment elements to erode student boredom in learning mathematics. Games are a
valuable addition to any method implementation plan for teaching mathematics (Ernest,
1986). In general, game-based learning has the main characteristic of collaborating
serious learning and interactive entertainment to bring about cognitive change for
students (Prensky, 2001).

In principle, the success of learning mathematics is very much dependent on the active
involvement of students. Student involvement in mathematics learning is crucial so that
learning can take place optimally. As a facilitator in learning mathematics, the teacher
can seek to maximise student involvement actively as a subject in mathematics class.
This principle is compatible with playing games that require the involvement of the
players. The principles and strategies inherent in teaching ICT emphasise an activity-
based approach (Thomas & Knezek, 2002). Games are not passively played, so students
must consciously be involved in playing them, especially if they want to win the game.
Games encourage children's active interactions, increase their motivation, and make
them more receptive to learning (Ernest, 1986).

The receptive nature of learning is allegedly due to the pleasure factor in learning. The
principle of learning while playing is the main principle highlighted in the mathematics
learning process. Pleasure can be defined as something that occurs as a result of three
sources either partially or integrally: feelings of happiness, involvement, and/or
meaningful activity (Kirkley & Kirkley, 2005), as the feedback provided by the brain
when absorbing patterns to achieve predetermined learning goals (Koster, 2013). Thus,
games in learning contain elements of challenges for students to continuously try,
understand the game's flow, complete the game, and understand the concepts of the
material in the game repeatedly until they master the concept of the material in the
game.

Math games that are fun, engaging, and enriching learning experiences can help students
overcome any ambivalent feelings they may have about concepts and subject areas
(Heshmati et al., 2018). The learning experience felt by students in learning mathematics
using games is undoubtedly different from ordinary learning. Games can be designed to
provide practice of math problems that are different from ordinary skill practice. Games
designed to be played individually in the classroom can allow students to recognise
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patterns in recognising mathematical concepts in a structured manner but can still
provide opportunities for interaction between students. They carry out interaction about
how to complete the challenges in the game. Thus, introducing games into math
classrooms can be a way to encourage collaboration (Ernest, 1986).

Mathematical communication ability

Mathematics is a symbolic language consisting of several notations, symbols, and
special terms. Therefore, efforts are made to ensure that mathematical concepts and
ideas can be properly communicated to be understood properly and correctly. The form
of multidirectional communication in mathematics learning is an ideal form that can be
used to communicate, convey, and express mathematical ideas. Therefore, mathematical
communication skills play an important role and are among the five process standards in
mathematics education emphasised by the National Council of Teachers of Mathematics
(NCTM, 2000). Mathematical communication is a central force that can be used by
students in formulating mathematical concepts and strategies (Greenes & Schulman,
1996). The importance of students' mathematical communication ability is so that they
can convey ideas, ideas, and the results of their thoughts to others effectively.
Communication needs to be developed in learning mathematics to think and find
patterns, social activities, student interactions, and teacher and student interactions.
(Baroody & Coslick, 1993).

Communication is a way that can be used to share thoughts, ideas and clarify
understanding of mathematical concepts. Mathematical communication standards
highlight the importance of students' ability to communicate mathematical thinking
coherently to peers and teachers. Mathematical communication standards can also be
expressed as students' needs in expressing mathematical thoughts and ideas through
mathematical language (Whitin & Whitin, 2003);(Rubenstein & Thompson, 2002).
Based on the importance of mathematical communication's role and function, it is
essential to recognise the aspects and forms of mathematical communication. There are
five aspects of communication: representation, listening, reading, discussion, and
writing (Baroody & Coslick, 1993). Furthermore, mathematical communication consists
of at least four general categories: unidirectional communication, contributive,
reflective, and instructive (Brendefur & Frykholm, 2000).

These aspects and forms of mathematical communication can be considered in
developing mathematics learning to support student involvement, empower student
thinking, increase awareness of the importance of building knowledge, and encourage
active student participation in mathematics learning. There are several strategies that
teachers can do to achieve this goal, including (1) proposing various tasks that
encourage discussion; (2) designing an environment conducive to the successful
discussion; (3) arranging questions that can provide a stimulus to students to explain
their thinking and the reasons for the concepts they understand; and (4) encourage
students to process ideas (Clark et al., 2005). Mathematical communication is one of the
standard processes in learning that can be developed either integrally with other
mathematical abilities or partially. Communication ability can be optimally improved
with proper treatment by the teacher.
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METHOD

This study uses the ADDIE model instructional design. ADDIE is an acronym for
Analysis, Design, Development, Implementation, and Evaluation, the concept of product
development, and a fundamental process for creating adequate learning resources
(Branch, 2009). This model was chosen because it is considered to have organised,
systematic, measurable, and interactive elements in meeting learning development
objectives, including game-based instructional learning. The stages of implementing the
ADDIE model are shown in Figure 1 below.

|
I \ 4
[ Implementation ]——[ Evaluate ]——I Design l
3 1

Figure 1

ADDIE model (Branch, 2009)

The instructional design stages can be explained based on the concepts and general
instructional design procedures performed (Branch, 2009), such as the following.

1. Analyse is the stage of identifying possible causes of performance gaps.

2. Design is a verification stage of the desired performance and the appropriate
testing method.

3. Development is a stage in producing and validating learning resources.

4. Implementation is a stage that can be done in preparing a learning environment
and involving students.

5. Evaluate is a process in assessing product quality and instructional processes,
before and after implementation.

At the implementation stage, the researcher conducted trials on applying learning media
that had been developed directly. Media testing consists of validity testing by experts
and practicality testing by users. Expert validity tests are carried out by subject matter
content experts and media experts using a closed questionnaire but equipped with a
suggestion and criticism column to accommodate if the experts provide input on
improving media development. The use of questionnaires can provide a wealth of
information from individual samples, for which written response instruments are
generally preferred over performance instruments (Fraenkel et al., 2011). The
determination of the quantitative expert judgment is based on the following criteria.
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Table 1

Categories of multimedia validation
Interval Value Category
4.01-5.00 Very valid
3.01-4.00 Valid
2.01-3.00 Less valid
1.00 - 2.00 Not valid

The minimum eligibility category of expert validation used in the study is the valid
category. The product developed is considered suitable for use as a learning medium if
the final (overall) assessment results on every aspect such as learning aspects,
content/material aspects, display aspects, and technical aspects are considered valid by
experts. Media experts are tasked with evaluating the media developed by conducting
validation based on the suitability of flowcharts, storyboards, soft anchor engineering
aspects, audiovisual communication aspects, presentation aspects, and display aspects.
Meanwhile, content experts validate based on competence and learning objectives,
conformity with material indicators, quality of material content, and test items quality.
Practicality tests were carried out on students as users using questionnaire instruments
and structured interview sheets. Students' practicality test is carried out in three stages
consisting of one on one trial evaluation, small group evaluation, and field evaluation.

At the evaluation stage, the researcher conducted a multimedia effectiveness test on
students' mathematical abilities. The mathematical ability chosen to test the media's
effectiveness in this study is the students’ mathematical communication skKills.
Mathematical communication skills are chosen based on consideration because they are
a central force that can be used to formulate mathematical concepts and strategies so that
they can be used to share thoughts, ideas and clarify understanding of mathematical
concepts coherently with peers and teachers. At the evaluation stage, the researcher used
a quasi-experimental design, namely the pretest-posttest control group design.
Mathematical communication skills questions are arranged based on aspects and
indicators of mathematical communication skills, which consist of: (1) written text; (2)
drawing; and (3) mathematical expressions (Kusumah et al., 2020).

Quantitative data analysis is conducted to prove whether there is an increase in
mathematical communication skills based on the learning model used and the EMS
category. The research sample consisted of 80 students who were selected by using non-
probability samples using purposive sampling type. This technique is carried out based
on students' characteristics in that class who have heterogeneous EMS categories. The
experimental class consisted of 39 students, nine students in the high EMS category, 20
students in the moderate EMS category, and ten low EMS categories. The control class
consisted of 41 students, 11 students in the high EMS category, 22 students in the
moderate EMS category, and eight students in the low EMS category.

Data analysis at this evaluation stage was carried out using a two-way ANOVA test
involving the General Linear Model (GLM) Univariate Analysis. Hypothesis testing is
carried out with a significance level of 0.05. The five stages of media development are
stages be carried out systematically in the context of developing multimedia learning so
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that the media’s feasibility can be appropriately guaranteed. The entire process of media
research and development was carried out at the State Islamic Junior High School
(Madrasah Tsanawiyah Negeri) 3 Kuningan with a development duration of + five
months, starting on February 11 - July 30, 2020.

FINDINGS

The results of the research will be described in two parts. The first part will describe the
algebra dominoes development process, and the second part will describe the results of
its effect on students’ mathematical communication skills.

Algebra dominoes game development process
Analyse

Problem identification needs analysis, and analysis of the types of tasks was carried out
using questionnaire sheets, in-depth interviews, and observations. The main problems
identified in the teaching and learning carried out by teachers and students are learning
media that is relatively rarely used. Students' ability to understand the abstract
mathematical concept about mathematical concepts tends to be stagnant, and students
often feel bored in the learning process. The needs analysis shows the importance of re-
designing the learning process by maximising the use of learning media. The
observation result of the implementation of learning indicates that the use of media is
still limited in learning, so that it results in a lack of enthusiasm for students. The results
of observations on learning support facilities obtained good results, the school's
computer laboratory facilities were adequate both in terms of the number and quality of
the computer equipment. However, these facilities cannot be used optimally for various
reasons. Based on this analysis, the researcher decided to re-design the learning model
and develop multimedia learning that is expected to facilitate mathematics learning
optimally. The learning model was developed with the Computer-Assisted Instruction
(CAI) type game instruction model. Researchers use Microsoft PowerPoint as software
development. The use of Microsoft PowerPoint was based on several aspects, including
ease, familiarity, and compatibility.

Design

At the learning design stage, the researcher determines the competencies, indicators,
learning objectives, compiles learning materials, arranges structured assignments, and
compiles test questions for mathematical communication skills. The CAI model was
developed based on the principles of self-learning and mastery through game
instructions. Learning is carried out based on understanding in a systematic and
structured manner, from simple concepts to complex concepts. The teacher provides
much stimulation to student understanding, both inductively and deductively. Students
are guided to use games that have been developed by first understanding the learning
objectives, game rules, and game instructions.
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Development

At this stage of development, the researcher carried out the media production process as
an embodiment of ICT learning with the CAI model intended in this study. The initial
process of developing multimedia development is based on game learning principles,
which are carried out with compiling stages: an outline of media development,
flowcharts, storyboards, entering test questions into the computer, and ending with a
modular test. Modular testing is carried out to test the functionally produced media
based on small interconnected parts so that it can be ascertained that the developed
multimedia can be used. At this stage, the researcher produces multimedia in the form of
a prototype. The mention of multimedia is developed as a prototype because it still has
to go through the testing phase at the implementation stage before the product is
produced as the final product. The application named "Aldo" was developed to make
pronunciation more manageable, an acronym for algebra dominoes.

Implementation

The implementation stage begins with a validity test by an expert. Four experts tested
the validity of namely: two media experts and two material experts. The results of the
expert validation are shown in Table 2 below.

Table 2

Validation results for algebra dominoes development
Validator Average value Category
Multimedia Expert | 4,56 Very Valid
Multimedia Expert 11 4,68 Very Valid
Content Expert | 4,84 Very Valid
Content Expert 11 4,78 Very Valid
Average 4.71

As illustrated in Table 2, it is known that all the experts gave a high score with an
average of 4.71, so that it could be categorised as very valid. The results of this
assessment indicate that the experts are satisfied with the multimedia developed.
However, experts still provide some notes of improvement in the comments column
provided in a closed questionnaire. Two related media experts gave suggestions: the
appearance of the navigation buttons, some symbols used must be replaced with writing
so that they are easily recognised, and aspects of unity in the use of visual and audio.
Some of the suggestions given by the two material experts were related to instructions
on less operational game rules, variations in the difficulty level of the questions,
adjustment of the time provided with the difficulty level of the questions, and adding
feedback with language that can motivate students. Based on these suggestions, the
researcher then made several improvements related to four things that were the experts'
focus.

After improving the media based on experts' suggestions, the media was then tried out
on students in the form of one-by-one trial evaluations, small group evaluations, and
field evaluations. Of the three trials, students complained about the readability of the
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questions, so that most students suggested that the display of numbers and background
colours be adjusted so that they were easy to read, added playtime, and added more
games. However, most of the students responded very well to the games developed.
Some of the right responses delivered by students include a game flow that is easy to
understand, can encourage them to study independently, students feel there are
challenges in playing games, and students feel enthusiastic about learning mathematics.
The multimedia display developed in this study is shown in Figure 2.

T -

+ Pilihan kotak yang benar 2kan muncul pada Kartu
+ Piihan kotak yang saiah akan muncul peringatan
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Muli

PKPT STKIP MUHAMMADIYAH KUNINGAN - UPI BANDUNG 2020

i )
- L B : ; |
Petunjuk Bermain - - - - - | S b -
‘ ) 32 x| 2ata ‘ = ‘a-a az ana [Zata W
s b b g i =] = e e =
e | 3 [seaey ‘ B [saed ‘
0 - 0 | e-—»ﬁ -
iod s g |12+ ‘ -1 ‘ ‘
s | g | ETS)
P ] p—
‘ [ 5 =1 oY

Figure 2
Display of algebra dominoes game

Figure 2 that is shown, is a view of the final product of the developed algebra dominoes.
The picture above consists of the initial display, objectives, game rules, instructions for
play, examples of displays when students answer incorrectly, and displays when the
game continues because the students succeeded in answering the questions.

Results of the effectiveness test for algebra dominoes game (Evaluate)

Evaluation is carried out to test the effectiveness of using the CAI type game instruction
on students' mathematical communication ability in learning algebra. Data analysis was
carried out to compare mathematical communication ability between the experimental
group (the class has given learning with the CAl type Game Instruction model/using the
Algebra Dominoes game) and the control group (the class has given the Conventional
Learning Model/CLM) and the differences in the improvement of mathematical
communication ability based on the level of EMS category. The hypothesis to test the
comparison of the increase in mathematical communication skills is described as:
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1. The increase in students' mathematical communication ability in the experimental
group is better than those of the control group.

2. There is a significant difference in the increase in mathematical communication
ability between students with high, medium, and low ability levels.

The two hypotheses above will be proven by a two-way analysis of variance (ANOVA)
with GLM-Univariate. The analysis results are shown in Table 4.

Table 4
Analysis of data variance on the increase of mathematics communication ability based
on previous mathematics learning models and ability

Source Type lll Sumof df  Mean Square F Sig.  Partial Eta
Squares Squared

Corrected Model 1.5552 5 311 53.438 .000 .783

Intercept 19.565 1 19.565 3361.806 .000 .978

Model .903 1 .903 155.216  .000 .677

PAM 487 2 243 41.798 .000 .530

Error 431 74  .006

Total 23.816 80

Based on the calculations in table 4 above to test the first hypothesis, the significance
value (Sig.) Is obtained of 0.000 < a = 0.05 and Feount = 155.216 is greater than Frape =
3.12 at the significance level o= 0.05 with 2 df (Foes(7s) = 3.12) so that Ho is rejected. It
means that the increase in mathematical communication ability of students who studied
in the experimental group was better than those of the control group. Furthermore, to
test the second hypothesis, a significance value (Sig.) Of 0.000 > o = 0.05 and Feount =
41.798 is greater than Fupe = 3.12 at the significance level a = 0.05 with df (Fo, o5(74) =
3.12) so that Ho is rejected. There are differences in the improvement of students'
mathematical communication ability between high, medium, and low-ability students.

DISCUSSION

Based on the research results that have been shown previously, it can be concluded that
the learning developed with the algebra dominoes game is suitable for developing
students' mathematical communication skills and may be suitable for learning
mathematics. This model's feasibility can be seen from the results of expert validation
tests, practicality tests, and effectiveness tests carried out in stages according to the
ADDIE design. The expert validation test results showed that the media was feasible to
continue at the practicality test stage by teachers and students because it exceeded the
minimum standard value of feasibility. Suggestions from two media experts are
generalised by emphasising the feasibility of the content and substance of the material
and the feasibility of language.

Based on the practicality test results, students showed good responses to the games
developed by the researcher. The researcher accommodated some complaints that were
considered criticism and suggestions from students to improve. The improvements made
after the practicality test can be generalised as visual aspects and software engineering
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aspects. Students show good enthusiasm when trying to use the game and express their
interest in learning to use game interaction. Most students admit that they like the games
used in learning so that learning tends to be active and interactive. Computer games
provide students with the preferred format for experiencing active learning through
simulated visualisations, authentic problem solving, and instant feedback (Huang & Ke,
2009).

It cannot be denied that most mathematics learning revolves around providing practice
to children. Exercises usually aim to provide scaffolding of newly acquired ability and
develop extra ability. However, the exercises that are carried out in class tend to be
boring for students because they are usually mechanistic and structuralistic. When
teachers explain concepts through narratives or examples conducted in regular
classroom settings, students may become confused or get lost in abstract cognitive
processes (Bai et al., 2012). Presenting new formulas in mathematics learning by
modifying mechanistic and structuralistic approaches is the main result of this research.
One of the benefits of developing digital games in mathematics learning is to help
present abstract mathematical concepts visually (Heckenberg et al., 2004) so that it can
help students understand the concept logically (Sanchez-Palencia, 1980) and generate
mental models of mathematical concepts (Lopez-Morteo & Lépez, 2007).

The game known as algebra dominoes in this study in presenting mathematical concepts
visually is the main factor that causes students' enthusiasm in participating in
mathematics learning. Algebra dominoes itself is a type of simulation game developed
based on domino games in everyday life. Simulation games are one of the innovations
in-game content traditionally considered educational, as they represent real-world
phenomena by placing players in a semi-realistic context where they can use a variety of
knowledge to succeed (Tobias et al., 2011). Although this game originates from China,
this game is quite familiar and is often played in Indonesia. This algebra dominoes game
is a cumulative chain game. The system developed in domino algebra is also able to
build learning models with self-requlated learning to form student learning habits
outside the classroom. In connection with this self-regulated learning model concept, the
researcher claims that the game instruction type CAIl model can be used as an alternative
solution to learning mathematics during the Covid-19 pandemic.

Learning that is designed in a systematic, structured, and chain manner can make it
easier for students to learn mathematical concepts as a whole and comprehensively
independently, especially during the Covid-19 pandemic, which requires learning to be
done online. It is hoped that the dire conditions during the Covid-19 pandemic for the
world of education will not make it worse for the state of mathematics education
because mathematics learning can still be done with the help of technology in today's
digital era. It is in accordance with Malone's expectations, which states that computer
games that integrate technology into mathematics classroom learning are introduced to
advance mathematics education in the digital era (Bai et al., 2012).

Describing the problem through serial problem exercises by the domino game format
provides a useful type of exercise in learning mathematics. These results are in line with
the findings of previous studies, which state that the increase in students' conceptual and
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procedural knowledge is an effect of media designed by describing problems visually
(Rittle-Johnson & Star, 2007), thus affecting mathematics achievement and motivation
of high school students (Bai et al., 2012). It is under the results of the analysis at the
evaluation stage, which shows that the learning carried out effects improving students'
mathematical communication ability. The effectiveness of the game instruction type CAI
model on improving students' mathematical communication ability in the experimental
group proves that the model is suitable for use in mathematics learning.

The results are in line with other similar studies by using successful online discussion to
explore and communicate mathematical concepts and foster academic communities in
any mathematics course (Johnson & Green, 2007). The use of tablet PCs has succeeded
in developing students' mathematical communication ability through the use of the
Sharing Zone function of the Reciprocal Peer-Tutoring-enhanced Mathematical
Communication (RPTMC) system (Yang et al., 2016), and the use of GeoGebra, which
shows a significant effect on mathematical communication ability compared to
conventional mathematics learning (Kusumah et al., 2020).

The CAI type game instruction model that was developed was proven to stimulate
student interest in learning, primarily because of the interactive nature of the media and
the availability of challenges to play in algebra dominoes. This result is relevant to other
research that shows that interactive learning media has a good effect on self-efficacy
(Psycharis & Kallia, 2017), even students' social abilities who are awakened
unconsciously based on their mathematical abilities. In this regard, the researcher wants
to emphasise the importance of mathematical communication ability as part of the
standard mathematical process. Communication ability can affect many things, including
everyday life (Yaniawati et al., 2019), including in the context of the increasing need for
mathematical literacy in the post-industrial era (Kosko & Gao, 2017). Optimisation of
mathematical communication ability has implications for the active involvement of
students in the mathematics learning process. The use of the game type CAl model in
this study, namely through the development of comprehensive algebra dominoes, has a
strong potential in developing students' mathematical communication ability and other
relevant mathematical abilities.

CONCLUSION

Algebra dominoes developed based on the CAl model type game instruction using
Microsoft PowerPoint software have met the standards in the research and development
process. The development process is carried out following the ADDIE design, so the
development process is carried out in a structured and systematic manner according to
the stages in the ADDIE design. The results of the feasibility test show that algebra
dominoes are suitable for use in mathematics learning. The results of the validity test
conducted by four experts show that the game is suitable for use in learning with the
very valid category. The practicality test results in the form of one try out evaluation,
small group evaluation, and field evaluation showed that students gave excellent
responses to the games developed and students were enthusiastic about learning
mathematics which was done with games. At the evaluation stage, the algebra dominoes
game is proven to be effective in learning. The results showed that the increase in
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students' mathematical communication ability in the experimental class was better than
in the control class. However, the results of this study exposed opportunities to test the
effectiveness of the algebra dominoes game on other abilities such as problem-solving,
reasoning and proof, connections, and representations in subsequent research.
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