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ABSTRACT 
This study is about developing and testing the effectiveness of Computer Assisted Instruction 
(CAI) through multimedia in mathematical representations. Features that are developed using the 
hippo animator provides learning instructions with the tutorial model. The principle of self-
regulated learning and mastery learning are both the strategy in learning to ensure students to 
be able to learn to be self-sufficient and complete. The principles of reliability, usability, 
maintainability, compatibility, reliability, reliability, interactive and communicative are carried out 
to assess multimedia well designed in terms of interfaces to maximize mathematical 
representation. For these purposes, R & D was selected in this study with structured and 
systematic stages through strict quality control. The results of the study show that multimedia 
developed is feasible to be produced and used in mathematics learning. Finally, the use of CAI 
through multimedia plays an important role in facilitating mathematical learning, especially in 
improving mathematical representation. However, the significance of differences in improving 
students’ mathematical skill in representation ability is not found. 
 
Keywords: mathematical representation, computer assisted instruction, multimedia, hippo 
animator 

 

INTRODUCTION 
The development of mathematical abilities has always been a strategic issue in mathematics learning. This 

is inseparable from the main purpose of implementing mathematics learning itself which focuses on the 
mathematical thinking process. The main standards of mathematical processes consist of representation, 
problem-solving, reasoning, and proofing, connection and communication (NCTM, 2000). The essence of 
learning mathematics is to determine exactly what structure is used both on actual and contextual from a 
mathematical concept. Transformations between structures studied in mathematics are known as 
representations. Regarding abstract mathematical properties, representation is needed especially when 
people need access to mathematical ideas that can only be done through the representation of ideas themselves 
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(Killpatrick, Swafford, & Findell, 2001). The use of various forms of mathematical representation is important 
to be the focus of attention in mathematics learning which can be derived from aspects of the process and 
evaluation of mathematics learning (Afriyani, Sa’dijah, Subanji, & Muksar, 2018). 

Mathematical representation is a component of the process related to the cognitive development of students 
in learning. The process of actual mathematical representation from one structure to another is a work in 
mathematics to determine exactly what structure is used in that representation. The development of 
representation by someone is intended to interpret and remember experiences to understand the world 
(Salkind & Hjalmarson, 2007). In other terms, representation is a configuration process of a situation that 
serves to provide interpretation in other situations (Goldin & Kaput, 1996), which can be used by students to 
interpret problems encountered (Ainsworth, 2006) to develop and optimize students’ thinking skills , which is 
a construction process and abstraction of mathematical knowledge (Rahmawati, Hidayanto, Anwar, & others, 
2017). So, theoretically, representation is a translation of the reality of practical and complex problems that 
are comprehensive, theoretical and systematic that can support problem-solving. 

The complexity of mathematical representation is felt in the field of applied mathematics such as shipping 
technology (Noblesse, Delhommeau, Huang, & Yang, 2011), mechanical engineering (Haidar, Obeed, & Jawad, 
2011), energy management strategy (Wieczorek & Lewandowski, 2017), system reliability logic differential 
calculus in the field of information technology (Zaitseva & Levashenko, 2013) and information technology 
applications in developing the World Wide Web algorithm (Nguyen, Hui, & Chang, 2012). This is evidence, a 
person’s ability to represent symbols and mathematical structures are needed in various fields of daily life. 
However, it must be understood that representation is independent in terms of use and utilization because 
the representation can transform various concepts and structures that are used primarily in the function of 
abstraction of certain patterns in mathematical procedures. 

Specifically, the relationship between mathematical representation and mathematical learning is divided 
into cognitive and perceptual representations, explanatory representations, representations in mathematics, 
and external symbolic representations (Kaput, 1987). This external symbolic representation influences in 
reflecting the internal representation of students’ mathematical knowledge (Janvier, 1987). The use of various 
representations has an important role in mathematics learning (Cai & Lester Jr, 2005) especially in expressing 
mathematical ideas (Bal, 2015), regulating their thinking (Cathcart, Pothier, Vance, & Bezuk, 2000), helping 
to understand and interpret mathematical concepts (Pape & Tchoshanov, 2001), and complete the translation 
of tasks by articulating different representations (Gagatsis & Elia, 2004). 

Based on the complexity of the representation role, it is important to understand the classification of 
representations so they can determine the types and the transformations of representation as inseparable 
parts of the context. The classification of representations initially consists of: active, iconic, and symbolic 
(Bruner, 1966). Enactively is done through action, iconic is done through visual images, while symbolic is done 
through words and language. The three types of representation are becoming wider, such extensions are 
mentioned as real-life experiences, and manipulative models, pictures or diagrams, verbal words, written 
symbols (Lesh, Landau, & Hamilton, 1983). Real-life experiences and manipulative models are classified into 
active representations, images and diagrams are iconic representations, while verbal words and written 
symbols are symbolic representations. 

The classification of representation that expanded is an ideal transformation by not eliminating the 
meaning contained in it. The form of transformation of representation even occurs through the transformation 
of problem situations into oral language and written language consisting of symbols, scripts, creative models, 
and static images (Lesh, Post, & Behr, 1987); external representation system and internal representation 
system (Goldin, 1998). External representations arise based on the understanding that human cognition 
changes when interacting with the environment (Goldin, 1998). External representation is closely related to 
social activities carried out by the students themselves. Meanwhile, internal representation consists of verbal, 
imagination, formal mathematical notation, planning ability, and executive monitoring and control, and 
effective representation that can be developed as one’s competence in solving problems (Goldin, 1998). The 
internal representation is the main component that is capable of being a positive conductor for external 
representations that have a causality relationship. 

Meanwhile, there was also a classification of representations by eroding the imaginative side but more 
applicable in the process of understanding mathematical concepts. The classification includes the form of 
student interpretation through words (verbal), writing, pictures, tables, concrete objects, mathematical 
symbols and others (NCTM, 2000). The use of appropriate and adequate representation can bridge the 
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formation of understanding mathematical concepts, both in one type of representation and between different 
representations. Representation embodies the mental picture of a learning process that can be understood 
based on mental development in a person. Concept representation, symbolization, mathematical models, 
contexts, and ideas can be done by students through exploration efforts on the problems given in learning. 
Therefore, the process of forming mathematical concepts can be played through mathematical representation 
comprehensively to gain knowledge and understanding of mathematics (Chen, Lee, & Hsu, 2015). 

Ideas in mathematics generally will appear along with the process of representation of mathematical ideas 
through direct or indirect stimuli related to understanding relevant initial concepts. However, comprehending 
mathematical concepts comprehensively is often a separate difficulty for students. In this case, the role of 
representation is needed to transform different concepts and mathematical structures. Some of the previous 
findings show that students who have problems with image representation experience difficulties in 
construction, show processes, and the results of mathematical solutions (Surya, Sabandar, Kusumah, & 
Darhim, 2013). Most students do not have comprehensive ability to solve problems, students have weaknesses 
in visual representation, students think it is not important to make graphics, they only think about how to 
use the formula to solve problems (Minarni, Napitupulu, & Husein, 2016). Conversely, it was found that 
students’ difficulties in determining the symbolic representation that corresponds to the relationship 
represented in the graph or table (McCoy, Baker, & Little, 1996), verbal representation, and symbolic 
representation in mathematical relationships are still low (Gagatsis* & Shiakalli, 2004). 

Based on this fact, the development and use of representation deserve serious attention in learning. Several 
previous studies that focused on developing mathematical representations have been carried out, such as the 
use of digital tools (Carreira, 2015), problem based learning (Tandiling, 2015), developing instruction 
materials based on joyful problem based learning (Minarni & Napitupulu, 2017), think- talk-write model 
(Supandi, Waluya, Rochmad, Suyitno, & Dewi, 2018), eye tracking method (Andrà et al., 2009), thinking 
strategy approach (Abdullah, Zakaria, & Halim, 2012), project-based learning (Widakdo, 2017), and RME-
based progressive mathematization (Warsito, Darhim, & Herman, 2018). Based on previous research, it is 
known that the cause of the weakness of mathematical representation ability is because it is difficult to bridge 
representation and change from one representation to another (Yerushalmy, 1997), there are three types of 
errors that explain students’ weaknesses during the translation process: misinterpretation, implementation, 
and preservation (Adu-Gyamfi, Stiff, & Bossé, 2012). 

Therefore, we believe that the use of various representations in learning needs to be done well especially 
visually, then followed by examining the process of translation or transformation between various forms of 
representation as suggested by previous researchers (Bal, 2015). One alternative that can be used in 
maximizing various forms of visual representation in learning is through the use of multimedia learning 
through the support of computer-assisted instruction (CAI) approach. CAI is an ICT-based learning model 
that emphasizes causal activities and communication between humans and computer devices. Alan B. 
Salisbury defines CAI as the interaction between humans and machines in performing teaching functions 
using computer systems without intervention by instructors (Zhang, Watson, & Banfield, 2007). 

The phenomenon that occurs in the world of education sometimes difficult to distinguish between ICT-
based learning and CAI model learning. Here it should be emphasized that CAI is one part of ICT learning. 
CAI is ICT learning, but ICT does not always use the CAI model. In general, ICTs are often used in 
demonstrations of the latest programs to anticipate the saturation of teacher rhetoric (Cuban, 2009). The 
teaching function is carried out entirely through a system that has been previously designed by a previously 
developed model. Previous researchers suggested several principles and strategies on effective ICT teaching 
models that emphasize activity-based approaches (Thomas & Knezek, 2002), which are tailored to interest in 
the need to integrate ICT in learning (Richards, 2005). So, it is important to emphasize the classification of 
CAI to avoid bias both in terms of the content and process carried out. 

Bryan classifies CAI in three models or categories, namely: (1) ad-lib by giving full access to students but 
the input is not controlled by a computer, (2) games and simulations are limited by game rules or simulation 
logic even though students have several initiatives, and (3) drill-and-practice and tutorials which are 
controlled learning and imply anticipation and branching in detail with the development of anticipated 
question frameworks (Carbonell, 1970). Drill-and-practice and tutorials are models that can be used to 
measure the extent of student understanding of a material concept. CAI does not only refer to the use of 
computer technology in presenting material but can be used to examine the development of student knowledge 
(Anohina, 2005). Based on this need, CAI can be developed through multimedia learning. The main reason for 
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development is based on the principle of being durable and easy to carry, although it can take a lot of time in 
the development process. 

Previous research stated that the use of ICT in science learning can support abstract reasoning abilities 
(Chang, Chen, Lin, & Sung, 2008), in mathematics learning, can increase learning participation and higher 
test results (De Witte, Haelermans, & Rogge, 2015). Meanwhile, the CAI model used in learning can reduce 
anxiety in bibliography teaching (Van Scoyoc, 2003), providing significant benefits to literacy skills, especially 
in phonological awareness (Macaruso & Walker, 2008), can develop early literacy skills (Macaruso & Rodman, 
2011), effective in learning autism students (Pennington, 2010), increasing critical-thinking skills especially 
in problem-solving skills, at least in students with better exposure to mathematics, science, and techniques 
beforehand (Renshaw, Taylor, & Reynolds, 1998). Based on the advice of previous researchers, regarding the 
importance of modification in CAI learning to understand the reasons for CAI is not more effective for some 
students. Thus, this study tries to develop CAI using multimedia with a territorial model that refers to self-
regulated learning and mastery learning on students’ mathematical representation abilities. 

METHOD 
This study uses educational research & development models (Gall, Gall, & Borg, 2007) adapted from a 

systematic design of instruction design (Dick, Carey, & Carey, 2015) which is then modified into five stages. 
These stages are illustrated in Figure 1. 

 
Figure 1. Procedure for R & D in Multimedia Development 

In the needs analysis phase, the researcher conducts literature studies and field studies, while at the 
learning design phase the researcher establishes competencies and indicators of learning, develops the 
material and points of the reference test and develops learning strategies. Media production is done through 
the stages of material collection, preparation of flowcharts and storyboards, ending with modular tests. 
Formative evaluation through the stages of validation of material experts and media experts, as well as media 
trials. Expert validation carried out using criteria, as shown in Table 1. 

Table 1. The Criteria of Media Validation 
Interval Criteria 

1.00 ≤ x < 2.00 Not Valid 
2.00 ≤ x < 3.00 Less Valid 
3.00 ≤ x < 4.00 Valid 
4.00 ≤ x < 5.00 Very Valid 

 

As depicted in Table 1, the standard used in this study is minimally valid, if the results of the validation 
show that the learning devices are not yet valid, then a revision of the learning device is being developed based 
on suggestions from reviewers. Meanwhile, in summative evaluation, the researcher used a quasi-
experimental design which is a pretest-posttest control group design. The research instrument consisted of 
questionnaires, interview sheets, observation sheets, and mathematical representation ability test sheets. The 
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question of the ability of mathematical representation is compiled based on the aspects and indicators of 
mathematical representation capabilities consisting of visual representations (diagrams, graphs, or tables), 
equations or mathematical expressions and written words or texts. 

This development research uses two data analysis techniques, namely qualitative descriptive analysis 
techniques and quantitative analysis. This qualitative descriptive analysis technique is used to process the 
evaluation data by material experts, media experts and media trials conducted by students. This data analysis 
technique is done by grouping information from qualitative data in the form of inputs, responses, criticisms, 
and suggestions for improvements written on the questionnaire. The results of this analysis are then used to 
revise learning multimedia products. In this study, a minimum valid feasibility value was determined. If the 
results of the final assessment (overall) in each aspect of learning, aspects of content/material, appearance 
aspects and technical aspects with a minimum valid value, then the product of the development is considered 
appropriate to be used as a learning media. The analysis of the increase in mathematical representation ability 
was obtained from the results of pretest and posttest, which were processed using reference n-gain index data 
(Hake et al., 1999). Meanwhile, quantitative data analysis uses a two-way ANOVA test with a General Linear 
Model Univariate Analysis (GLM). 

RESULTS 

Needs Analysis 

Needs analysis traced using questionnaire sheet instruments, in-depth interview and observation. Based 
on questionnaire analysis and in-depth interviews on the implementation of learning with respondents 20 
students of class VII obtained results about the importance of the use of multimedia in learning. The basic 
reason is that most students feel difficulties in learning mathematical concepts and learning media used by 
teachers are still conventional. Observation results of the implementation of learning show that the use of 
media is still limited to the use of images/chat, handouts, job sheets, real objects, and simple power points. 
Besides that learning is often done in the classroom, although the laboratory facilities owned by the school are 
very adequate. So that mathematics learning so far has been less able to explore students’ mathematical 
abilities with the discovery of various learning obstacles. 

Based on a comprehensive literature review, researchers decided to develop interactive multimedia 
learning mathematics through the tutorial model. The researcher uses the hippo animator (hippani) as a 
development software. Hippani has several advantages, including a very lightweight application when 
compared to other software animators, so Hippani can be used on computers with medium specifications, 
equipped with tutorials so that it can be learned self-taught, and easy to operate without using a special player 
animator. 

Learning Design 

At the learning design stage the researcher sets competencies, indicators, and learning objectives, develops 
reference material and test items on statistical concepts (data presentation), identifies the initial character of 
students, develops test items, develops learning the material and develops learning strategies that will be 
used in the learning process. The CAI model was developed based on the principle of self-regulated learning 
and mastery learning with the tutorial model. Learning is done based on the stages of understanding concepts 
in a systematic and structured manner, students cannot continue learning if they have not completed learning 
based on specified criteria. 

Multimedia Production 

At this stage, the researcher carries out the media production process as an embodiment of ICT learning 
which is intended in this study. The stages of media production are carried out by steps: compiling an outline 
of media development, compiling flowcharts, storyboards, writing scripts, entering material into a computer, 
and modular tests. Modular tests are a way to functionally test media produced based on small parts that are 
interrelated. At this stage, we complete the media in the form of a prototype, considering that the media 
developed must pass the formative evaluation stage before the final product is produced. 

Formative Evaluation 

Formative evaluation through the stages of material expert validation and media experts, individual trials, 
small group trials, field trials until the final product was obtained. This stage was carried out as an effort to 
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ensure that the media was developed through the quality control stage. Media experts are tasked with 
evaluating the media developed by conducting validations based on the suitability of storyboards and 
engineering aspects of soft anchors, aspects of audio-visual communication, aspects of presentation and 
aspects of appearance. The suitability of the media produced with flowcharts and storyboards must also be 
the main assessment of media experts. Meanwhile, the content expert conducts validation based on 
competence and learning objectives, conformity with material indicators, quality of material content and the 
content of the material presented. The results of the validation of two material experts and two media experts 
are shown in Table 2. 

Table 2. The Results of Multimedia Development Validation 
Validator Average Value Category 

Content Expert I 4.79 Very Valid 
Content Expert II 4.81 Very Valid 

Media Expert I 4.70 Very Valid 
Media Expert II 4.66 Very Valid 

 

As depicted in Table 2, all experts give high scores with entirely very valid categories with an average of 
4.74. Based on this, the media developed seemed to satisfy the experts who gave the assessment but still 
provided some suggestions for improvement. Some suggestions are given by the two related media experts: 
less structured installation, usage and troubleshooting instructions; program design that is still less effective; 
the unity aspect which consists of the use of visual and audio languages still seems less harmonious and 
comprehensive; and in the aspect of navigation, some symbols used must be replaced by familiar symbols to 
be easily recognized and effective in their use. Meanwhile, some suggestions were given by the two related 
material experts: the addition of images, diagrams and illustrations contained in daily life; and on the aspects 
of material presentation, additional material must be interactive and participatory to maximize student 
involvement in the learning process. Based on these suggestions, we revised the multimedia. 

After repairs to the media based on advice from experts, the media is then tested on students in one to one 
try out evaluation, small group evaluation, and field evaluation. Of the three trials, students highlighted the 
readability of material content so that most students suggested that the letters and alloys of the background 
color be adjusted to make it easy to read. Students provide some very good responses to the display of videos 
and animations that are very interesting to make students more enthusiastic in learning mathematics and 
delivering material that I easily understand to encourage students to learn independently. The multimedia 
display of the development results in this study is shown in Figure 2. 

 
Figure 2. Display of developed multimedia 
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As explained in Figure 2, is an example of the final product of the multimedia display developed. The 
image consists of the initial appearance of the media, basic competencies, indicators, and data presentation 
methods. 

Summative Evaluation 

Summative evaluation is done to test the effectiveness of the use of CAI on mathematical representation 
capabilities. Data analysis was performed to test the comparison of the increase in mathematical 
representation ability between the experimental group and the control group and the difference in the increase 
in the ability of mathematical representation based on the students’ initial ability level. To see the increase in 
mathematical representation capabilities achieved by students and their qualifications used normalized n-
gain data. The normalized n-gain value average is an illustration of the increase in mathematical 
representation ability between the two research groups. The difference in increasing the ability of 
mathematical representation can be seen in Table 3. 

Table 3. The Mean of N-gain Mathematical Representation Mean 
Category of Students’ basic 

ability (SBA) Learning model Mean Std. Deviation N 

Low 
CAI .6100 .11460 4 

Non CAI .2257 .10814 7 
Total .3655 .22033 11 

Middle 
CAI .6130 .20598 27 

Non CAI .2765 .13264 20 
Total .4698 .24398 47 

High 
CAI .6383 .21377 6 

Non CAI .3050 .15901 8 
Total .4479 .24596 14 

Total 
CAI .6168 .19539 37 

Non CAI .2729 .13345 35 
Total .4496 .24051 72 

 

As can be seen in Table 3, the mathematical representation ability of the experimental group students 
had a greater average gain than the control group students (0.6168> 0.2729). This shows that the increase in 
mathematical representation ability of the experimental group students is higher and more diffuse than the 
mathematical representation ability of the control group students. To test the hypothesis above, a two-way 
analysis of variance (ANOVA) was conducted with the General Linear Model (GLM) - Univariate conducted 
at a significance level of 5% (α = 0.05). The results of the analysis are shown in Table 4. 

Table 4. The Analysis of Mathematical Representation Ability Gain Variance Based on Learning Model and 
Students’ basic ability (SBA) 

Dependent Variable: N-gain Kemampuan Representasi 
Source Type III Sum of Squares Df Mean Square F Sig. 
Corrected Model 2.155a 5 .431 14.567 .000 
Intercept 9.229 1 9.229 311.980 .000 
KAM .017 2 .009 .290 .749 
Model 1.440 1 1.440 48.679 .000 
SBA * Model .005 2 .003 .087 .917 
Error 1.952 66 .030   
Total 18.660 72    
Corrected Total 4.107 71    
a. R Squared = .525 (Adjusted R Squared = .489) 

As depicted in Table 4, to test the first hypothesis about the comparison of the increase in mathematical 
representation ability, the significance value (Sig.) of 0,000 < α = 0.05 and Fcount = 48,679 > F0.05 (2/72) = 
3.12. So it can be concluded that the increase in the ability of mathematical representation of students 
studying with ICT-based mathematics learning CAI models with multimedia is better than students who 
obtain learning with non-ICT-based mathematics learning CAI models with multimedia. Furthermore, to test 
the second hypothesis about the differences in the increase in mathematical representation ability based on 
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the level of students’ initial abilities obtained a significance value (Sig.) of 0.749 > α = 0.05 and Fcount = 2.90 
<F0.05 (2/72) = 3, 12. So it can be concluded that there is no difference in the increase in the ability of 
significant mathematical representation between students with high, medium and low ability levels. 

DISCUSSION 
Based on the analysis carried out by the stages of research, CAI learning developed through multimedia 

has met very good standards by expert assessment and trials conducted before media products are declared 
final. At the summative evaluation stage, overall students give a good response to the multimedia display 
developed. Multimedia content is recognized by experts and pilot students to be able to illustrate various 
mathematical concepts. Based on the results of the effectiveness test, the use of CAI in learning is effective in 
improving students’ mathematical representation skills. The effectiveness of CAI used in learning is 
inseparable from the use of multimedia which was developed based on systematic stages through the stage of 
needs analysis, development of learning design, expert validation and rigorous trials. The stages that go 
through produce multimedia that is suitable in CAI learning. Students are allowed to represent various forms 
of mathematical concepts that are presented into different representations. The system developed was able to 
construct a learning model with self-regulated learning and establish complete learning habits based on a 
tutorial model that requires students to complete the mathematical concepts learned before continuing 
learning on more difficult concepts. Learning that is designed systematically and structured can facilitate 
students in learning mathematical concepts as a whole and comprehensively. 

The significant increase in the ability of mathematical representation of experimental class students was 
also followed by positive attitudes of students in learning. This is under the results of previous studies which 
stated that the use of digital-based learning materials can improve attitudes towards mathematics learning 
(Chen et al., 2015). The effectiveness of CAI is influenced by students’ interest in multimedia that is developed 
with content consisting of notes, graphics, images, audio, video, and animation. Description of mathematical 
concepts conveyed with clear and integrated narratives with graphic, image and audio displays can increase 
the concentration of students learning the concepts presented. CAI programs generally tend to be effective in 
initiating reading instructions (Blok, Oostdam, Otter, & Overmaat, 2002). Other studies that focus on the use 
of pictorial representations find that their use is effective in providing stimuli for solving everyday problems 
(Willis & Fuson, 1988). ICT development provides convenience in multimedia development, including 
alternatives in developing animation. 

Animation developed provides convenience for students in seeing problems with interesting visualizations 
that resemble the original form. The display of interactive animation allows students to quickly find effective 
ways of solving problems in mathematics learning (Mišútová & Mišút, 2012). Representations that involve 
observing an object are known as visual representations. This visual representation in CAI learning is a bridge 
for students in translating and transforming representations into different forms. Creating a visual 
representation in maximizing thinking skills in mathematics learning is important as an effort to develop 
students’ mathematical concepts (Schoenfeld, 2013). This finding is in line with the findings of previous studies 
stating that describing problems visually can increase students ‘conceptual and procedural knowledge (Rittle-
Johnson & Star, 2007), expressing students’ thinking (Carreira, 2015), able to facilitate students to recall 
previous mathematical knowledge (Pape, 2004), and assist students in integrating various new information 
presented (Abdullah et al., 2012). 

The research findings show that CAI can be used to visualize abstract mathematical concepts, but must be 
supported through the concept of multimedia development with communicative, interactive, comprehensive, 
integrated, coherent, and providing feedback to students. Digital media can refine mathematical objects more 
than just expressions, algorithms, or mathematical symbols by conceptualizing and developing situations 
based on images, schematic representations, languages, letters, and available iconic elements (Carreira, 2015). 
In the perspective of ICT-based learning, other researchers conclude that ICT can involve the active role of 
students in learning (Oktavianingtyas, Salama, Fatahillah, Monalisa, & Setiawan, 2018). The appearance of 
attractive media for students is also able to motivate and erode students’ saturation in mathematics learning. 

It cannot be denied that student enthusiasm in learning can be one of the factors that influence learning 
effectiveness. The CAI model proved to be able to stimulate students’ enthusiasm in learning mainly because 
the media developed was interactive. These results are relevant to other studies which show that interactive 
learning media have a good effect on self-efficacy (Psycharis & Kallia, 2017), and are feasible to use because 
they can help students learn as a subject of direct and inverse proportions and see student value preferences 
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(Oktavianingtyas et al., 2018). Based on the perspective of ICT learning, other researchers mention that 
multimedia content has an effect on students’ interest in learning and focusing their attention because the 
concepts of the material being studied are supported interactively in learning (Munir, 2012), able to facilitate 
communication so as to maximize the effectiveness and achievement of learning objectives to the full 
maximum (Newby, Stepich, Russell, & Lehman, 2006). 

This potential is by the standards of mathematical processes which are an integral part of the components 
of mathematical representation capabilities. Representation is an important process in learning that functions 
in developing and optimizing students’ thinking skills, the construction process and the abstraction of 
mathematical knowledge (Rahmawati et al., 2017). The CAI model which is designed by maximizing the 
translation and transformation process of various forms of representation becomes a bridge for students to 
interpret the various mathematical ideas they have. Various forms of representation that are visually observed 
by students provide unlimited access to students to explore various forms of representation that are used as a 
process of solving real problems. The use of representation can support students’ understanding, especially in 
solving mathematical problems or learning new mathematical concepts (Salkind & Hjalmarson, 2007). So that 
it cannot be denied that mathematics requires representation, conversely representation requires 
visualization to facilitate the translation and transformation process itself. 

However, we need to be aware of the difficulties of students in the process of mathematical representation 
which is usually didactic because of learning barriers. In this regard, we can understand mathematical 
representation as an ability that does not stand alone in the cognitive structure of students. Mathematical 
representation is a conceptual composite (consisting of configuration ideas) that is not easily understood by 
students so it is recommended that class discussions help students understand ideas embedded in 
mathematical representations to avoid students using procedurally representation without intact 
understanding (Abrahamson, 2006). The emphasis on the importance of class discussion is the embodiment of 
the process of socialization in learning which is nothing but referred to as socio-mathematics. This conception 
is in line with the effectiveness of ICT learning also stated by other researchers, who stated that ICT has great 
potential in expanding and increasing the availability of learning aids for students because it can provide 
opportunities for students to be creative, have skills, sharpen talents, and to practice social skills in the 
learning process (O’Hara, 2008). 

The role of the teacher as a facilitator in CAI is especially important in helping students find mathematical 
ideas through a two-way communication process. ICT learning has the potential to make learning less 
developed if conceptualized by reactive supervision by overriding interactions that are guided directly by the 
teacher in a pedagogic manner (Plowman & Stephen, 2003) so that the use of ICT in learning should be carried 
out with teacher supervision and guidance. Adult guidance is needed to support children in getting and 
investigating ideas about mathematical concepts (Björklund, 2010). Thus, the development of CAI should not 
only focus on the appearance and content that is interesting because it can potentially eliminate the process 
of communication between teachers and students. Paying attention to the appropriateness of the content, 
material substance, the feasibility of material presentation, and contextual assessment must be the focus of 
substance in CAI learning, especially those carried out through multimedia development. Substantive 
material should be shown coherently to make multimedia more effective and efficient (Munir, Kusnendar, & 
Rahmadhani, 2016). 

The research findings are relevant to similar studies that show CAI contributes to facilitating better social 
competence and communication in young children with autism (Bernard-Opitz, Sriram, & Nakhoda-Sapuan, 
2001), computer-based interventions can produce changes in skills broader cognitive and social aspects in a 
cost-effective manner and time Skills in Students with ASD (Rice, Wall, Fogel, & Shic, 2015), to supplement 
a phonics-based reading curriculum that is able to improve phonological awareness in early literacy skills for 
kindergartners (Macaruso & Rodman, 2011), potentially effective for improving students’ mathematical 
performance with LD (Seo & Woo, 2010), able to improve verbal skills and language, but not mathematical 
skills but function as a substantial scaffold (Shute & Miksad, 1997), capable addressing problems related to 
improving student achievement and mathematical performance (Tienken & Wilson, 2007), and produce 
superior academic achievements in mathematics from basic concepts to algebra and geometry (Brown, 2000). 

In closing the discussion in this study, we want to emphasize the importance of mathematical 
representation as a distinctive ability in mathematics. Educators must maximize the potential of students’ 
mathematical representation through integration between mathematical knowledge possessed by the 
selection of models, strategies, and media used in learning. If this is done, it is not impossible that learning 
can be a conductor for developing mathematical representation capabilities. This, in line with other 
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researchers who say that the knowledge of mathematics becomes an important part of teaching is the ability 
to produce and use representations (Salkind & Hjalmarson, 2007). Knowledge of mathematics, pedagogical 
knowledge, the ability to select learning models and the selection of instructional media by teachers 
comprehensively have strong potential in developing students’ mathematical representations. 

CONCLUSION 
CAI conducted through the development of interactive multimedia using hippo animator software has met 

the standards in the process of research and development carried out through the stages of needs analysis, 
learning design, media production, formative evaluation, and summative evaluation. Based on the CAI 
perspective we conclude that CAI intervention through multimedia development has a very strong influence 
on learning so that it can be used as the main alternative in learning. In this study, we developed multimedia 
with a tutorial model. So, we suggest the selection of new strategies both related to programming and the CAI 
model developed in subsequent research to increase more varied support. 
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