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Abstract 
 

The progress of information and communication technology demands lecturer of mathematics to make innovative learning based on IT 

while focusing the main goal in learning mathematics, i.e to create students who are skilled in solving problems and have good 

mathematical reasoning. Therefore, an interactive mathematical development based on problem solving is required. The model is 

developed using ADDIE (Analysis, Design, Development, Implementation, Evaluation). The data is analyzed using both Quantitative (as 

the main data) and qualitative (as supporting data). The results showed that interactive mathematical multimedia significantly improved 

the students' mathematical reasoning in terms of analyzing data, proposing allegations, verifying, drawing conclusions, and examining 

the validity of arguments. Students' responsiveness and motivation to learn mathematics is also positive because multimedia has 

interactive video display and complete material, while students feel that the learning process is not limited by space and time. 
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1. Introduction 

The world has entered the era of the world's industrial revolution 

4.0 when information technology is the base in human life [1]–

[7]. In facing the challenges that come along this era, lecturers 

or faculty in college are required to adapt their teaching styles 

[8]–[10]. This is because IT and communication in learning play 

an important role to facilitate the delivery of materials by 

teachers to students[11], and its application can have a potential 

impact that can improve the quality of learning. One of the 

development of information technology is the birth of android 

operating system, ranging from gadgets, tablet PCs, 

smartphones, and other applications that have android operating 

system [4], [12]–[14]. Until May 2018, android users in 

Indonesia reach 65.9% of all smartphone users [15].  

Mobile devices, especially android ones, have changed the func-

tionality of communication tools into a tool for entertainment, 

and learning [16]. Learning through mobile or mobile learning 

has become part of the educative process. Smartphone with an-

droid operating system has been widely used in education, one 

of which is for the development of learning interactive multime-

dia [17], [18]. Interactive Multimedia is part of media [19]–[21], 

defined as the tools and materials have combination of the 

words (such as printed text or spoken text), picture (such as 

illustrations, animation, or video) [3], [19], [22]–[24] to support 

learning activity that can be used to achieve educational goals. 

Elementary School Teacher Education (PGSD) students feel 

boring and show low performance to the subject of Basic 

Mathematics Concepts [25]. Because in lectures, lecturers often 

use conventional speech and assignment methods along with 

white board as the multimedia [26]. Teaching Design that uses 

multimedia often becomes an effective learning approach in 

improving student skills [27]–[29]. Use of Android-based learn-

ing in varians subject influence the increase in academic per-

formance of learning motivation and cognitive learning out-

comes [29]–[31]. The development of multimedia-based educa-

tional games can improve students' psychology aspects 

including students’ motivation, interest, and attitude [32]. 

The National Council of Teachers of Mathematics (NCTM) 

stated that learning mathematics is designed to make students as 

problem solvers [33]–[35] who can deliver arguments 

mathematically [36]. The active involvement of students in 

exploring visual mathematical tasks[37] or problem solving task  

can help students to achieve high-level thinking and have good 

mathematical reasoning  [38]–[40]. Therefore, interactive mul-

timedia problem solving based on subjects of Basic Mathemati-

cal Concepts to improve students' reasoning is needed. 

2. Method 

This study uses two different methods, namely development 

research[41][42] to design interactive multimedia problem solv-

ing based, and experimental method with post-test only control 

group design[43] to determine the effectiveness of application of 

interactive multimedia problem solving based on improving 

students' reasoning. The development model used is Analysis, 

Design, Development, Implementation, Evaluation called AD-

DIE [44]. The steps of ADDIE development can be seen in Fig-

ure 1. 

The subjects of the study were the students of the first year of 

the Elementary Teacher Education Department who took the 

course of Basic Mathematics Concept in the academic year 

2017-2018 in Universitas Muhammadiyah Sidoarjo. The sample 

consists of 2 classes of 80 students selected at random. The A1 

class is selected as the experiment class, while the A2 class is 

selected as the control class. The Posttest Only Control Group 
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Design is done by giving posttest, without pretest in experiment 

and control class [43], class A1 as control class was given 

treatment, while class A2 as control class was not during one 

semester (14 meetings). 

 
Fig.1: ADDIE Development Procedure 

The main data of this research is quantitative data covering 

percentage of expert validator value, questionnaire percentage, 

problem solving value, and student reasoning value, It is sup-

ported by qualitative descriptive data concerning student 

behavior during research process [45]. These behaviors include 

learning activities, motivation, performance problem solving, 

and perormance reasoning. The effectiveness of multimedia 

treatment was analyzed using t-test separed paired variance (2 

sided) with the following formula[43]. 
 

  
   ̅   ̅ 

√
  
 

  
   
  
 

  

  

3. Methodology Research 

The research object is a supply chain for fish products produced 

by SMEs. Specifically selected fish products are fish crackers. 

The research was conducted in East Java, Indonesia. Data col-

lection is conducted through observation and interviews with 

SMEs entrepreneurs. 

The study was conducted through three stages: risk 

identification, risk measurement and risk prioritization. The 

process business used in the supply chain refers to the 
SCOR (Supply chain operation Reference) concept with the 

following research framework [46].  

 

Fig.2: Research framework [46] 

 
a. Identify risk event 

At this stage will be identification of various types of risk 

event in the supply chain of fish crackers. Identify the type 

of event ricks performed for each stage of the business 

process (source, make, deliver).  

b. Risk measurement 

This stage is done to know the impact of risk event. 

Measurements begin with assessing likelihood (L) and, 

impact (I). Assessment is done by experts who know the 

food safety system on the supply chain of fish crackers, with 

a scale of 1-10. 

c. Determination risk score (RS) 

The RPV shows the value of the impact of the risk event. 

RPV is obtained by the equation: 

 

RS= IxL  

 

Furthermore, RPV ranking will be conducted to determine the 

priority of risk. RPV can be used by decision makers to establish 

strategic steps of risk elimination 

4. Results and Discussion 

This multimedia design is developed based on the very familiar 

design, Polya Problem Solving indicator, which consist of 

understanding the problem, devising a plan, carrying out the 

plan, looking back [47]. The students' mathematical reasoning 

abilities are measured by indicators in terms of analyzing data, 

presenting, verifying, and drawing conclusions [37], [48]. 

Further sub indicator is presented in Table 1. 
 

Table.1: indicators to measure mathematical reasoning 
No. Reasoning Indicator  Sub-indiCator 

1 Analyze the Data  

a. Identifying every factors and facts in 
the problem 

b. Analyzing problem in the question, 

either in its pattern or its relation 

c. Understanding what is lknown and 
asked in the question  

2 
Proposing 
Assumption 

(conjecture) 

a. Deciding mathematical charateristics 

in the problem based on  knowledge  

b. Proposing conjecture  

c. Making alternative conjecture  

3 

Proving or 

Making  

Justification  

a. Developing mathematical argument 

with mathematical calculation 
matching with calculated assumption 

as in the conjecture 

b. Processing calculation process as the 

steps stated in the conjecture  

4 
Drawing 

Conclusion  

a. Drawing conclusion based on 

developed argument/ statement  

b. presenting result by giving logical 

and true evidence 

5 
Checking the 
Validity of the 

argument 

a. Checking every steps in the 

verification process  

b. Checking every answers in the 

verification process  

c. Composing valid argument to support 

evidences of conjecture.  
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The multimedia mathematics was developed using Adobe CS6 

adobe flash software, Adobe AIR 24.0.0.180, Java Development 

kit 8u45, and Android SDK. The minimum hardware 

requirement for development is the IntelCore i3 processor, 4Gb 

RAM. The interactive multimedia application requires  Android 

ICS or higher with minimum hardware specification 1Gb RAM. 

At the stage of product design, the researcher performs several 

processes, namely layout design, designing story board, content 

contents, and instructions of use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3: Multimedia Home, Content Options, Video Visualization, 

Content Explanation 
 

The "Content" button serves to open menus on various subject 

materials to be studied around mathematics. The "exercise" 

button serves to provide a list of material to be covered. Quizz 

button functions to evaluate the performance of mathematical 

reasoning for 2 times that is the 8th meeting at middle exam 

Semester and 16th meeting at the final exam of Semester. In the 

material section, a brief description of each sub-material will be 

presented. The material is presented in an interesting and 

interactive manner with various animations as well as videos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4 Image of  Problem Solving Drill and Reasoning Test 

 

The "exercise" menu serves to deepen and simulate questions 

about mathematics-based problems solving polya for 14 

meetings, to keep the use of multimedia in control. The exercise 

menu on the next material will not be accessible to the student if 

the student has not uploaded the problem solving exercise 

answer on the previous material. 

The "Quizz" section is intended as an evaluation tool for 

mathematical reasoning. The first quiz conducted during the 

Middle Examination Semester covers material problem solving, 

set, and geometry. While the second quiz is done when the Final 

Exam Semester covers material congruence, statistics, and 

opportunities. The student posttest score is taken from the 

average of the Middle Semester Exam and the End of Semester 

as the value of mathematical reasoning. 

Multimedia validity is verified based on aspects of functionality, 

usability, efficiency, portability, and learning content [32]. 

Functionality, efficiency, portability verified by 3 lecturers of 

multimedia experts, learning content verified by 3 lecturers of 

mathematics education, while aspects verified by 35 Elementary 

Education Department students in the second half of academic 

year 2016-2017 who have taken the subject of mathematical 

concepts. Multimedia verification results can be seen in table 2. 

 
Table.2: The result of interactive mathematics multimedia validation 

No.  Aspects Percentage Criteria 

1 functionality 86% Very Good 

2 usability 83% Very Good 

3 efficiency 88% Very Good 

4 portability 80% Good 

5 learning content 85% Very Good 

Average 84% Very Good 

Table 2 shows that the percentage of multimedia quality in all 

aspects above is 80% in the very good category. The average 

percentage is at 84% (very good), which means that interactive 

mathematical multimedia is worth of problem solving based and 

has good quality to improve students' reasoning.  

To identify the effectiveness of the use of multimedia, the re-

sults of drill problem solving for 14 meetings, the students' 

posttest reasoning scores based on the mean value of the Middle 

Semester Exam, and the final exam score were analyzed for the 

experimental and control classes. The average result of problem 

solving per Polya indicator is presented in figure 4, 5, 6, 7, while 

the average result of student posttest score can be seen in figure 

8. 

 
Fig.5: Understanding the Problem 

 

 
Fig.6: Devising a Plan 

 

 
Fig.7: Carrying Out The Plan 
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Fig.8: Looking Back 

 

Based on the ilustrations, it can be interpreted that, generally, 

the problem solving ability of students per indicator in the ex-

perimental class performed by the implementation of multime-

dia is higher than the control class that does not apply multime-

dia. The habituation through drill program of problem solving 

through multimedia has an impact on improving student's rea-

soning performance [49]. The detailed quantitative illustration 

of paired sample t-test test result can be see in Table 3. 

 
Fig.9: Reasoning Matematic 

 
Table.3: T-Test Calculation Result 

Class  N Mean Dev Std t test t-table 

Experiment 40 75,45 7,11 5,79 2,00 

Control 40 65,78 7,84 

Table 3 shows that the experiment class average is higher than 

the control class (75,45 > 65,78). T-test of separed paired vari-

ance t-test also obtained higher than t table α = 5% = 0,05 (5,79 

> 2,00). This shows that learning by using problem solving-

based mathematical multimedia has significant effect to improve 

students' reasoning. 

Students’ response upon learning after using multimedia is 87% 

in the positive category. By using this multimedia, problem 

solving performance improves consistently [49], and encourages 

to students to try solving mathematical problems both inside and 

outside the classroom either collaboratively or individually[27].  

This activity has also helped students to be more focused, effec-

tive, efficient, able to solve problems using variative strategies 

and thoroughly, critical in analyzing data and making conjecture, 

verification, drawing conclusions, and check the validity of ar-

guments logically based on relevant information and scientific 

facts [50]. Students’ motivation in learning mathematics is also 

at positive stage [51]. Through the multimedia, they have a vis-

ual image of what will be learned via vid and students feel freely 

because they do not need to bring books or excessive reading 

material because most of the information has been provided. It 

means that that more energy can be provided and focused on 

problem solving [52]. The troubles solving process can be done 

when they are out of class or during leisure time anywhere. 

Lastly, the multimedia can be a reference for educators to facili-

tate and help students effectively, practically, and efficiently, 

and also improve problem solving skills as well as students' 

reasoning abilities. 

5. Conclusion 

The developing of interactive mathematical multimedia based 

on polya problem solving indicator helps students to 

consistently practice the problem solving, either collaboratively 

or individually, and flexibelly, either inside or outside the 

classroom. Students become more focused, effective, efficient, 

thorough, critical, and creative in solving problems with 

different variance of strategies solving. Positive problem solving 

performance in using multimedia has a significant impact on 

students' mathematical reasoning in terms of analyzing data, 

suggesting, verifying, drawing conclusions, and checking the 

validity of arguments. Students' responsiveness and motivation 

to learn mathematics is also positive because multimedia has an 

interactive video display, complete material, and students feel 

learning is not burdened to any space and time. 
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