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especially in calculating heat transfer. This research is aimed to design and implement
Interactive Digital Module (IDM) of fractions to fostering a technology-enable
mathematics literacy. This research employed design-based research (DBR) to obtain an
overview regarding to design and implement the IDM. The subjects of this research
were students, teachers, and experts. The results revealed that the IDM was designed
and developed using Flipbook design. The contents covered how to do fraction
operations completed with materials of fractions, student worksheets, exercise of
mathematics literacy tests, interactive videos, and evaluations related to the need of
students. The interactive and user-friendly design empower students to explore
fractions and relation to the mathematics literacy. According to the validation by

Keywords: experts, the IDM was quite effective in Flipbook design for students. For the
Interactive digital module; fractions; heat  implementation, the IDM of fractions can enhance mathematics literacy of students.
transfer; mathematics literacy; This research has implications for using IDM as an innovation to improve student’s
technology mathematics literacy of fractions.

1. Introduction

Technology in digital era has significantly changed the way of people life around the world. The
existence of sophisticated technology has led humans to the better quality and standards of living
system [1]. One of the impacts of technological developments is the diverse influence on human work
productivity, which varies from one period to the next due to the use of technology. Various
technology-based activities have emerged as a result of advances in information technology, such as
electronic government (e-government), electronic commerce (e-commerce), electronic education (e-
education), electronic medical services (e-medicine) and so on. Technology in education plays a role
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as a part of the curriculum, as a learning delivery system, as a learning aid, and as a tool to improve
the learning process [2]. Digital technology within educational settings encompasses a range of
software and devices designed to assist students with specific accessibility requirements [3].

Technology has a significant role in the educational process in the 21 century. Digital learning
promotes creativity and empowers a sense of achievement in students, thereby motivating further
learning through innovative approaches beyond conventional methods [3]. Moreover, teachers
utilize technology to facilitate connections among individuals and to access new information, ideas,
and perspectives [4]. Through the continuous advancement of online tools and applications,
educators have the opportunity to enhance their efficiency and expertise in utilizing technology [5].
Additionally, they can empower students with the skills to effectively utilize 215-century technology
in their academic and professional aspects.

Technology used in mathematics classroom is very diverse, such as digital media, digital learning
materials and digital assessments. Previous research showed that the use of digital tools influences
the development of skills, mathematical knowledge, as well as students' attitudes and tendencies in
using mathematics critically [6]. Students enjoy using technology in the classroom and most of them
access more learning material through technology [7]. In addition, the essential aspects contributing
to the effectiveness of digital technology in mathematics education encompass the development of
the digital tool and related tasks to maximize its pedagogical possibilities, the teacher's involvement
and the educational setting [8].

Digital module is learning material that are available in digital form and can be accessed easily
through digital devices such as computers, laptops or smartphones [9]. Digital module is learning
material in digital form designed so that students can learn independently [10]. Digital module aims
to supply learning materials that align with curriculum requirements while considering students'
needs and their social background [11]. The module has undergone a transformation from a printed
format to an electronic format known as a digital module or electronic module. Digital module
presents learning materials digitally, using various media such as interactive video, audio, images and
animation, with the aim of increasing student interest and abilities [12]. Digital module helps
students face the weaknesses of traditional learning and can also increase student motivation to
learn independently [13].

Interactive Digital Module (IDM) has several characteristics related to the nature of digital module
consisted of (1) self-paced, allowing learners to take control over their learning time and place
according to their individual learning needs and pace, (2) self-instruction, facilitating independent
learning by providing a variety of learning activities, (3) independent, organizing the entire series of
learning activities in one package, and (4) modular or chunking, with material separated into smaller,
in-depth sections [14]. The element of digital module consists of competencies and learning
objectives, usage guidelines, necessary tools and materials, descriptions of materials, summaries,
exercises and tasks, interactive forums and provided answers enabling self-assessment [15]. In the
context of IDM or e-module, there is two-way or more communication, allowing interaction between
the learner and the materials, as well as the possibility of interaction between learners.

Student’s activities and autonomy who learned with IDM significantly different with students who
learned using printed module [16]. Moreover, the learning outcomes of students who use digital
module can obtain comprehension scores in the very good achievement category [17]. Another
previous research showed that the interactive electronic tax-based website module is categorized as
highly effective in enhancing learning outcomes [18]. The use of e-module in learning was proven to
increase students’ self-efficacy, motivation and learning outcomes [15].

Mathematics literacy is an ability in formulating, using, and interpreting mathematical concepts
in various contexts. Mathematical literacy is the ability to understand how mathematics plays a role
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in everyday life and apply it to solve various problems that arise in daily [19]. Mathematics literacy
not only includes the ability to apply the quantitative aspects of mathematics, but also involves
understanding mathematics in a broader sense [20]. There are seven core competencies in
mathematics literacy including mathematical reasoning and thinking, mathematical argumentation,
mathematical communication, modelling, problem solving, representation, symbols and tools and
technology [21]. Mathematics literacy relates to mathematical proficiency such as conceptual
understanding, procedural fluency, strategic competence, adaptive reasoning and productive
disposition [22]. Through mathematics literacy, an individual can reflect on his mathematical logic to
be utilized in his life, community and society [23]. Mathematics literacy aims to increase students'
awareness and understanding of the relevance and role of mathematics in the context of the modern
world [24].

Although mathematics literacy is an important ability, the studies showed that the achievement
of students’ mathematics literacy has not maximum. In this case, mathematics literacy of students
especially in elementary school is still in the low category [25-28]. The previous research results show
that the low mathematical literacy is caused by students not being trained in problem solving
activities on mathematical literacy questions and still being used to solving routine and procedural
guestions [29]. Moreover, another research results showed that there are students' difficulties in
solving contextual problems contained in mathematics literacy questions [30]. Figure 1 shows the
network visualization of research on mathematics literacy in elementary school. Data was obtained
from our previous study [31]. The connection between mathematics literacy and elementary school
cannot be seen clearly. The publication of research in mathematics literacy in elementary school is
still limited to be researched [32,33].
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Fig. 1. Network visualization based on co-occurrence of terms [32]
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Learning supports such as digital modules can also help students understand mathematics
concepts at the elementary school level and improve their basic mathematics skills [34]. A
comprehensive overview of prior research of technology for mathematics learning is presented in
Table 1.

Table 1

Previous studies on technology for mathematics learning

No. Title References

1. Digital technology in learning mathematical literacy, can it helpful? [35]

5 Examining the Relationship between Secondary Mathematics Teachers' Self-Efficacy, Attitudes, [36]
) and Use of Technology to Support Communication and Mathematics Literacy

3. A Systematic Review of Technological Impact on Math Literacy in the Postsecondary Classrooms [37]

4 Development of Mobile-Based Digital Learning Materials in Blended Learning Oriented to 38]
' Students™ Mathematical Literacy

5 Effectiveness of Desmos Application Integrated with PjBL in Multimedia Mathematics Learning in 39]
) Terms of Mathematical Literacy Skills

6 E-LKPD based on Problem Based Learning (PBL) Approach to Measure Mathematics Literacy Ability [40]
) of Elementary Students

7 Development of Teaching Materials for E-learning-Based Statistics Materials Oriented Towards the [41]
' Mathematical Literacy Ability of Vocational High School Students

3 Development of Animated Video-based Mathematics Learning on The Three-dimensional Material [42]
' of Class XIl SMA to Improve Mathematical Literacy

9 The Effect of GeoGebra-Assisted Problem-Based Learning on Students’ Mathematical Literacy (43]
) Skills and Learning Motivation

10. Designing a Digital Teaching Module Based on Mathematical Communication in Relation and [44]

Function

Several previous studies have been conducted regarding technology-based products for
increasing mathematics literacy, including research on mobile-based digital learning for mathematics
literacy [38,39], research on digital learning materials for mathematics literacy [40,41,45] and
research on the digital learning media for mathematics literacy [42,43]. However, these previous
studies still focused on digital learning products in general. Different from other studies, our research
gap is highlighted the need for research that addresses personalized digital tools and innovative
technological applications, ensuring more effective strategies for improving mathematics literacy in
calculating heat transfer. This research is aimed to design and implement IDM of to fostering a
technology-enable mathematics literacy in calculating heat transfer. The novelties in this research
are (i) this study design the IDM using Flipbook design (ii) this study implement the IDM for
empowering mathematics literacy in calculating heat transfer completed with literature review,
bibliometric and experiments for students and (iii) this study finds the next future research.

2. Literature Study
2.1 Technology-Based Products in Education

The existence of technology and information provides easy access for everyone to obtain the
widest possible educational opportunities. Technology has started to transform education,
influencing the way students develop the skills necessary for college and career readiness, as well as
how educators incorporate digital instructional strategies into the teaching and learning process [46].
As the impact, technology has the power to create new opportunities and connections by improving
access to high-quality education, enhancing communication among educators, students and families,
and reducing challenges in various educational settings, from early childhood to adult learning [47].

93



Journal of Advanced Research Design
Volume 141 Issue 1 (2026) 90-116

@

The use of technology-based products in education are varied including digital learning, digital
media, digital learning materials and digital assessment. Digital learning materials are one of the
technology-based products that is widely use in education. The use of digital learning materials is
effective in classroom learning [48]. Table 2 showed the previous research of digital learning
materials in education practices.

Table 2

Analysis of previous study

No. Title Results References

1. What is the impact of e-books on students’ Motivation, technological progress, information [49]
mathematics performance? A qualitative technology, learning goals, digital application
systematic review resources, technology-related challenges, traditional

teaching methods, and visual information all
significantly impact students' mathematical learning.

2. The development of e-module The e-module for mathematics, which focuses on [50]
mathematics contextual problems, proved effective in enhancing
Based on contextual problems student learning outcomes related to set theory. The

improvement in student performance was
significant, driven by their active engagement with
mathematical concepts through digital scenarios
grounded in real-life contexts.

3. Development of Electronic Handouts These findings suggest that the electronic [51]
Using Numerical Literacy-Based Mathemagic handout, designed to enhance
Mathemagics Methods for Learning in the numeracy literacy, satisfies the ideal validation
Digital Era standards. This research proposes creating an

engaging mathematical learning tool through game-
based approaches to boost students' numeracy
skills.

4, Development of Mathematics E-Books in  According to the findings, the media is valid for [52]
Improving Mathematical Literacy and teaching mathematics with linear programming
Entrepreneurial Spirit content and is effective in enhancing both

mathematical literacy and entrepreneurial spirit.

5. Numeracy E-Module with Edugame As A This e-module was highly appropriate as a [53]

Support For Mathematics Learning for
Sixth-Grade Elementary School Students

supplementary resource for sixth-grade elementary
mathematics education, receiving validation scores

of 90.7% from media experts, 86.7% from material
experts, and a 100% user satisfaction rating.

2.2 Interactive Digital Module (IDM)

A learning module is a set of resources collected to support students in their independent study
throughout a specific learning process. A module is a set of learning programs that are planned and
designed to facilitate students in achieving learning goals [54]. Moreover, a module is an instructional
material that is organized systematically to facilitate students in mastering the subject matter [55]. A
module serves as a unit of learning activity intended to aid individual students in reaching their
educational objectives [11].

Digital module or electronic module, are instructional tools designed systematically and
attractively to encompass materials, methodologies, constraints and evaluation methods
electronically [56]. The e-module is designed to be interactive, facilitating navigation by featuring
images, text, and videos and includes tests with automatic feedback [57]. The advantage of e-
modules as an electronic learning resource is their ability to present material and practice questions
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in various formats, not only text but also contained with images and videos that support the learning
process [58].
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Fig. 2. The characteristics of module [59]

Figure 2 shows the characteristic of module. Characteristics that need to be considered for
module development include (1) self-instructional, meaning that the module can facilitate students
to learn independently and not depend on other people, (2) self-contained, meaning the module
contains all the required learning material, (3) stand alone, meaning the module does not depend on
other teaching materials, (4) adaptive, meaning that the module is able to adapt to developments in
science and technology, and (5) user friendly, meaning that the module can be used easily and is
friendly to students [59]. Based on the characteristics of the module, it is clear that the module is a
teaching material that has special characteristics compared to other teaching materials. This
characteristic can be utilized in optimizing learning, including mathematics learning for empowering
mathematics literacy.

2.3 Development of IDM using Flipbook Design

Digital teaching materials has been widely used in educational practice. Teachers believe that
digital learning materials will be more engaging, easier to comprehend, practical, cost-effective,
diverse and better suited to capturing students' interest in the digital era [60]. Digital module as the
innovation of printed module is one of teaching materials that provides resources combined with
multimedia tools such as video, pictures, and others. The instructional material presented as an E-
Module offers benefits such as greater effectiveness and efficiency, along with easy accessibility [61].
The digital module can enhance students' autonomy in learning since it isn't limited to classroom use
[44].

Currently, the digital module has been presented in various design. Flipbook is a form of digital
book that combines text, photos, audio and video in one platform [62]. Flipbooks as a digital learning
platform will include various types of media such as text, images, and videos that support learning
materials [63]. The interactive features of flipbooks can be an additional advantage because this
electronic media utilizes multimedia properties, which include a combination of text, narration,
video, practice questions and integration with various learning approaches [64]. Flipbook as a
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learning media facilitates students' better understanding of the material presented and offers an
attractive learning presentation, which increases students' interest and motivation to learn [65].

Previous research showed the PBL-based Mathematics e-module can help teachers in increasing
the students’ interest in mathematics lessons, provide new insights to them, and serve as the source
of references for the sustainable study [66]. The electronic module (e-module) based on digital
flipbook is in the very feasible category for students in elementary school [67]. The discovery of e-
module flipbook products based on learning theory demonstrates that they are valid, practical and
effective in boosting students' motivation and achieving learning outcomes [68].

2.4 Fraction Concepts

To mathematicians, fractions are rational numbers that can be written as ‘a/b’, where b = 0,
rather than parts of wholes [69]. Moreover, fraction is interpreted in five terms consisted of part-
whole, measure, operator, quotient and ratios [70,71]. Fractions are a foundational concept in
elementary mathematics that aid in comprehending parts of a whole and enhancing proficiency in
numerical calculations. Table 3 shows the graphical representation of five constructs of fractions.

Table 3
The five constructs of fractions
Fraction Constructs Graphical Representation
Part-whole
£ %
,'. J 2
L o

Hana gets “half” of the cake

Kika jumped as far as 5/6 meters

Kika

—t—t—t—t—t——t—t—
01 234517 3910112
| T 8 568¢ 6 -
Quotient 3:4=....

It can be represented by:

0 3/4 3

Operator

1/5

3/5
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9:3

There are nine red cars and 3 blue cars
2.5 Heat Transfer

Heat refers to the transfer of thermal energy between two systems with differing temperatures
[72]. In simple terms, heat transfer is the flow of energy caused by differences in temperature [73].
Thermal energy, also known as heat energy, is a characteristic of a body or system that is linked to
its temperature [72]. Heat transfer between substances occurs in everyday life, either by absorbing
or releasing heat to establish and maintain the necessary conditions for a continuous process [74].
Heat transfer is a crucial factor in the design of numerous devices, including automobile radiators,
solar collectors, power generation components, and spacecraft [75].

Heat transfer is divided into three types consisting of conduction, convection and radiation.
Radiation is the process of energy transfer through space via electromagnetic waves, similar to how
light waves transmit light [76]. When a single piece of firewood burns in a fireplace, pyrolysis occurs,
and the heat produced is lost to the environment through radiation, preventing further pyrolysis, but
when a stack of firewood burns, the radiative heat lost by one piece is absorbed by the others,
allowing pyrolysis to continue [76]. The calculation of radiation is based on the Stefan-Boltzmann
formula [77], showed in Eq. 1 below.

q=0.A.T* (1)
In details, g represents the heat transfer rate (W), o denotes the Stefan-Boltzmann constant

(5.6703 x 108 W / m2. K?%), A is the surface area of the radiating object (m?), and T is the absolute
temperature (K). Figure 3 showed the illustration of heat transfer in radiation process.

2 2‘ i Radiaton
i

Radiation

e U

Fig. 3. The illustration process of heat
transfer in radiation process
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Convection is the process in which heat is transferred through the movement of molecules from
one location to another [78]. Convective heat transfer is commonly categorized into forced
convection and natural convection [79]. Natural convection heat transfer is commonly enhanced by
adding rectangular fins to horizontal or vertical surfaces in various electronic applications, motors
and transformers [80]. The significance of heat transfer through free natural convection is evident in
various engineering applications, including energy transfer in buildings, solar collectors, nuclear
reactors and electronic packaging [81].

Convection is the transfer of heat that occurs between a surface and a fluid flowing around it,
using a conductive medium in the form of a fluid (liquid/gas) [82]. The primary factor influencing the
heat transfer rate is the surface area; a larger surface area results in a higher heat transfer value [83].
The principle of convection is explained by Newton's Law of Cooling, which is stated in Eq. (2) as
follows.

q=hAdT (2)

Where, h is the convective heat transfer coefficient of the process (W/(m2.°C). Figure 4 showed the
illustration of heat transfer in convection process.

Convection

—//é(' l)ﬂé\

Fig. 4. The illustration process of heat transfer in
convection process

Conduction heat transfer involves the transfer of energy from the more energetic particles of a
substance to adjacent, less energetic particles through their interactions [84]. In conduction, energy
gradually transfers from a region of higher temperature to a region of lower temperature through a
conducting medium, without any movement of the particles within the medium [85]. Moreover,
conduction is the process of transferring heat energy through collisions between adjacent atoms or
molecules [86]. Conduction heat transfer can be divided into two types, namely steady state
conduction and unsteady state conduction. Steady state conduction is a conduction process where
the heat value (calories) is the same over time, while unsteady state conduction is a conduction
process where the heat value changes over time [87].

Conduction is the dominant method of heat transfer within a solid or between solid objects in
thermal contact [86]. This phenomenon is essential for understanding thermal regulation in both
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engineering applications and natural systems. The concept of conduction is described in the Eq. (3)
as follows [88].

ar
q= -k.A E

showed the illustration of heat transfer in conduction process.

Conduction

i

Fig. 5. The illustration process of heat transfer
in conduction process

Table 4 shows numerous studies related to heat transfer.

(3)

In details, k is thermal conductivity (W/m. °C), and dZ—Z is the temperature gradient. Figure 5

Table 4

Research fractions on education

No. Title Reference

1. Two-Phase Flow Boiling Heat Transfer Coefficient with R290 in Horizontal 3 mm Diameter Mini  [89]
Channel

2. Thermal Management System Based on Phase Change Material (PCM) and Heat Pipe in Lithium-lon  [90]
Electric Vehicle Batteries

3. Evaluation of Indirect Evaporative Cooling Performance Integrated with Finned Heat Pipe and Luffa  [91]
Cylindrica Fiber as Cooling /Wet Media

4. Impacts of Nonlinear Thermal Radiation on A Stagnation Point of An Aligned MHD Casson Nanofluid [92]
Flow with Thompson and Troian Slip Boundary Condition

5. Experimental and Numerical Study on the Effect of Teardrop Dimple/Protrusion Spacing on Flow [93]
Structure and Heat Transfer Characteristics

6. Computational Investigation of Heat Transfer of Nanofluids in Domestic Water Heat Exchanger [94]

7. Utilization of Nanofluids in Minichannel for Heat Transfer and Fluid Flow Augmentation: A Concise [95]
Research Design

8. Numerical Analysis of Heat Transfer in Microchannel Heat Transfer in Microchannel Heat Sink using  [96]
Flow Disruption

9. Heat Transfer Performance of Hybrid Nanofluid as Nanocoolant in Automobile Radiator System [97]

10. Heat Transfer Analysis in Microchannel Heatsink by using Different Nanoparticle Concentration of [98]

h-BN
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2.6 Mathematics Literacy Related to Fraction and Heat transfer

Mathematics literacy is the ability to apply basic mathematics in everyday life [99]. Through
mathematics literacy, an individual can reflect on his mathematical logic to be utilized in his life,
community and society [23]. The Figure 6 shows a mathematical literacy framework compiled by The
Organization for Economic Co-operation and Development (OECD).

Formulate

Problem in context ) _ : Mathematical problem)

Evaluate Employ

| Results in context J  T— LMathematical results )

Interpret

Fig. 6. Mathematical process cycle [100]

Mathematics literacy does not only include the ability to apply quantitative aspects of
mathematics, but mathematics literacy also includes broader mathematical knowledge [101]. The
indicators used to measure mathematics literacy are adapted from the 2018 PISA Framework [102],
consisted of (1) formulating the situation mathematically, (2) using mathematical concepts, facts,
procedures, and reasoning, and (3) interpreting, applying and evaluating mathematical results. The
formulation process is the stage where a student can analyze a problem and recognize the use of
mathematical concepts to solve the problem. The process of solving (employ) is a step in which
students use mathematical concepts and facts to find a solution to a mathematical problem. Then,
the interpretation process shows how effective students are in reflecting on mathematical solutions
or conclusions and connecting them to everyday life situations. The evaluation process reflects the
ability to assess performance by looking back at the solutions or results of problem solving that have
been carried out on a given problem.

Students' achievement in mathematics has a positive relationship with their success in
mathematics literacy tasks [103]. Mathematics literacy allows a person to overcome various
problems from diverse contexts using mathematical principles [104]. This emphasizes the importance
of internalizing the mathematical literacy framework in the mathematics learning process, especially
in elementary schools, as a baseline for students' abilities. Figures 7 and 8 shows the mathematics
literacy in fractions concept and heat transfer.
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Fig. 7. Mathematics literacy in substraction operation of fractions

Mr. Budi uses two black panels to save
1
energy. The first panel has an area of 3 m?
and the second panel has an area of 2 m2
4
What is the total area of the two panels
that Mr. Budi uses?
If each m? of panel can capture 200
calories of heat energy, how much total

energy can be captured by the two
panels?

Fig. 8. Mathematics literacy in addition operation of fractions
in heat transfer of radiation process

3. Methodology
3.1 Research Subjects and Locations

This research was conducted at one of elementary school in Bandung city, West Java Province,
Indonesia. The subjects of this research consisted of students, teachers and experts. Fifth-grade
students were taken as the participants of need analysis of design and implement the IDM. Teachers
have roles as participants in need analysis and validating the IDM. In addition, the experts contribute
in validating and giving judgements of IDM. Table 5 shows the demographics of sample.
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Table 5
The demographics of sample
Variable Categories Frequency Percent (%)
Gender Male 23 48
Female 25 52
Age 10 years old 14 29
11 years old 34 71

For the generalization of the results, this study selected a sample based on its size and
characteristics, taking into account variations in age and gender. Based on the sample selection, the
findings of this research can be applied to similar populations in other countries. Additionally, the
results are applicable to educational contexts with similar characteristics, such as elementary schools
in comparable regions. If the research shows a positive relationship between students' self-regulated
learning and mathematics literacy, these findings may also be observed in broader populations in
other countries, given similar conditions.

3.2 Research Design

This research employed design-based research (DBR) to obtain an overview regarding to design
and implement the IDM. Figure 9 shows the DBR procedure consisting of four steps including (1)
identifying and analyzing of problem, (2) designing the IDM, (3) developing the IDM, and (4) reflecting
the IDM.

Design-Based Research

v v
IDENTIFYING AND DESIGNING THE DEVELOPING THE REFLECTING THE
ANALYZING OF INTERACTIVE INTERACTIVE INTERACTIVE
PROBLEM DIGITAL MODULE DIGITAL MODULE DIGITAL MODULE

! ! I !

Fig. 9. Research flow

The procedure of design-based research was started by identifying and analyzing of problem
through the need analysis of students to obtain an overview of profile of mathematics literacy of
students, difficulties of mathematics literacy of students, and needs of students to improve their
mathematics literacy. The identifying and analyzing were also conducted to the teachers regarding
the needs of digital learning media to fostering mathematics literacy of students. The data obtained
from this step can be a baseline to design the IDM. Next the second step contains designing the IDM.
This step designed and developed the IDM using Flipbook design to overcome learning difficulties of
students and fostering them in mathematics literacy as the final goal of this research. The last step is
reflecting the IDM conducted through discussions with experts in the field of digital learning material
for mathematics learning.
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3.3 Data Collection

The research data collected through mathematics literacy test and expert judgements of IDM.
The expert judgements were used to validating the digital module. The test instrument used is a
mathematics literacy test which is carried out to measure students” mathematics literacy before and
after using digital module in mathematics learning. The indicators of mathematics literacy questions
can be seen in Table 6 below.

Table 6
Indicators of mathematics literacy test.
No. Indicators Sub-Indicators Total of Questions
1 Formulate the situation a. Identifying the mathematical components of 1
mathematically a contextual-based problem and the
significant variables contained
b. Represent situations mathematically, using 1
appropriate variables, symbols, diagrams, and
models.
2 Uses mathematical concepts, facts, a. Develop and apply strategies to find 1
procedures, and reasoning mathematical solutions
b. Manipulate numbers, data, graphic 1
information, statistics, algebraic expressions
and equations, and geometric
representations
3 Interpret, apply and evaluate a. Interpret mathematical results against real- 1
mathematical results world contexts.

b. Evaluate the reasonableness of mathematical 1
solutions in real-world contexts.

3.4 Data Analysis

The data analysis aimed to evaluate, develop, and revise the design and development of IDM.
Data processing was carried out using scores of mathematics literacy score and the percentage of
expert judgements. The researchers examined the data to assess the students' mathematics literacy
before and after using the digital module. The data from the expert judgements also were analyzed
through steps of data collecting, data reduction, data presentation, and data conclusion.

4. Results and Discussion
4.1 Results of Identifying and Analyzing of Problem

Identifying and analyzing the problem were conducted through doing the need analysis to obtain
an overview of profile of mathematics literacy of students, difficulties of mathematics literacy of
students, and needs of students to improve their mathematics literacy. The profile of mathematics
literacy of students was taken using mathematics literacy test. The test measures the three indicators
of mathematics literacy consisted of (1) formulating the situation mathematically, (2) using
mathematical concepts, facts, procedures and reasoning and (3) interpreting, applying and
evaluating mathematical results. Table 7 shows the results of the mathematics literacy of students in
5th grade elementary school.
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Table 7

Descriptive statistics of students’ mathematics literacy in 5th grade elementary school

Students’ Mathematics Literacy N

Minimum

Maximum Mean

Std. Deviation

45 23 77 50,76

16,963

According to Table 7, the results showed that the mean of students’ mathematics literacy was
50,76 which is categorized in low category of mathematics literacy. The minimum score was 23 and
the maximum score was 77. Moreover, the standard deviation was 16,963 which means the data
have variations. To obtain an overview result, Table 8 shows the results of mathematics literacy test
of students based on three indicators of mathematics literacy.

Table 8

The results of mathematics literacy test of students based on the indicators

No. Indicators Sub-Indicators Contents Score
1. Formulating the Identify the mathematical componentsofa Division  of 50%
mathematically contextual problem and the significant fractions
variables contained therein.
Represent situations mathematically, using Multiplication 56%
appropriate variables, symbols, diagrams of fractions
and models.
2. Using mathematical concepts, Develop and apply strategies to find Percentage 45%
facts, procedures, mathematical solutions.
reasoning
Manipulate numbers, data, graphical Subtraction 51%
information, statistics, algebraic  of fractions
expressions and equations, and geometric
representations.
3. Interpreting, applying Interpreting mathematical results in real- Multiplication 51%
evaluating mathematical world contexts. of decimal
results
Evaluate the reasonableness of Percentage 27%

mathematical solutions in real-world

contexts.

According to Table 8, the results showed that students have the different achievement in each
indicator of mathematics literacy. The highest percentage of indicators achievement is 56% which is
students can formulate the situation mathematically, especially in sub-indicators of Represent
situations mathematically, using appropriate variables, symbols, diagrams and models. In contracts,
the lowest percentage of indicators achievement is interpreting, applying and evaluating
mathematical results specifically in sub-indicators of Evaluate the reasonableness of mathematical
solutions in real-world contexts, which is 27%.

In formulating the situation mathematically, students were given a mathematics literacy in Figure

10 as follows.
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d )
Mrs. Hanna distributed 25 gifts to the
students in the class.

If only 1/5 of the number of gifts have been
distributed to the students, how many gifts
are left in the class?

\ 5
Fig. 10. Mathematics literacy test of the indicators
of formulating the situation mathematically

To solve the problems, students try to represent situations mathematically such as changing the
situation in the problems to symbol of fractions operation (1/5 x 25 = ...). They also try to use
appropriate variables, symbols, diagrams and models through observing the total of gifts from Mrs.
Hanna. Student’s try to count how much 1/5 of 25 gifts. For students with high mathematics literacy,
they directly doing the multiplication operation 1/5 x 25 = 5 gifts. However, students with low
category of mathematics literacy find difficulties in representing the situation of problems to the
mathematics symbols and also difficult to choose what operations that they need to do for finding
the solutions. In representing the situation of problems, students difficult in analyzing what the
important information for them to solve the problem. Some of them have a wrong representation so
that they didn’t get solve the problems. In addition, students also difficult in using the models in the
question above to find how many gifts are left if only 1/5 of the number of gifts have been distributed
to the students. In this case, only 56% the score achievement of this indicators. For the implication,
students need the learning materials that can foster them in mathematics literacy.

In interpreting, applying and evaluating mathematical results, students were given a mathematics
literacy in Figure 11 as follows.

To solve the problems, students try to count what is the current temperature of the pizza. For
students with high mathematics literacy, they directly doing the multiplication operation (70% x 3°C
=...), then he/she can find the current temperature of the pizza and decide whether the Hana’s action
is approriate or not to keep pizza from being contaminated by bacteria. However, most of students
find difficulties to solve this problem. Students with low category of mathematics literacy find
difficulties in interpreting, applying and evaluating mathematical results. and also difficult to choose
what operations that they need to do for finding the solutions. Some of them only count the current
temperature of the pizza, but they cannot interpret, apply and evaluate mathematical results. In this
case, only 27% the score achievement of this indicators. For the implication, students need the
learning materials that can foster them in mathematics literacy.
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(

Food can be contaminated with bacteriaifitisata
temperature of 4°C to 60°C

Hana stores pizza in the refrigerator until it has a

temperature of 3°C. Hana wants to eat the pizza,

but she first heats the cake in the microwave so

that its temperature increases by 70% from the
previous temperature.

Is Hana's action appropriate to keep the pizza from
being contaminated by bacteria? Give your
reasons!

Fig. 11. Mathematics literacy test of the indicators of
interpreting, applying and evaluating mathematical results

According to the interview results of students in elementary school, the difficulties found in
elementary school students in solving mathematical literacy problems include 1) students have
difficulty understanding the contents of the mathematical problems presented, 2) students have
difficulty representing problems, 3) students have difficulty developing problem-solving strategies,
4) students have not been able to apply mathematical concepts correctly, 5) students have not been
able to draw conclusions and evaluate the results found, and 6) students have not been able to
organize themselves and lack enthusiasm in solving mathematical literacy problems. Moreover,
according to the questionnaire, 100% students give response to agree and need the IDM.

The low achievement of students' mathematical literacy in elementary school is caused by various
things, including students are not yet accustomed to story problems and problem solving, students
give up easily when they find story problems and problems that are considered difficult, and students'
struggle in solving problems is still low, and they tend to immediately ask for help from others [28].
In line with this, the previous research show that low mathematical literacy is caused by students not
being trained in problem-solving activities in mathematical literacy questions and are still
accustomed to solving routine and procedural questions [29]. In addition, there are difficulties for
students in solving contextual problems contained in mathematical literacy questions [30]. The
difficulties found in students in mastering mathematical literacy are also caused by a lack of mastery
of reading, writing, and numeracy skills [105].

According to the interview of teachers about the need analysis of IDM, the teachers give some of
reason why the IDM is important, consisted of 1) the lack of digital material learning in mathematics
classroom especially to foster mathematics literacy, 2) students still difficult in mathematics literacy
because the mathematics learning process have not facilitate students about it, 3) the limited
understanding and perception of teachers about mathematics literacy, so that they need a reference
of digital learning materials for it, and 4) most of resources of learning is available on printed-based
resources, so that teachers need the digital-based resources. For the implication, teachers need the
learning materials that can foster students in mathematics literacy.
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4.2 Design of IDM

The design of IDM in this research is based on the results of identifying and analyzing of problem.
The IDM is designed using Flipbook design. The Figure 12 shows the flow chart of design of IDM.

( Interactive Digital Module )

J
C Fractions )
i

/ ( Prerequisite Material ) ,l,
1' Yes
( Fraction Operations ) —

Addition of Substraction Multiplication Division of Operations
—) Fractions of Fractions of Fractions Fractions of Decimals

o
Mathematics Literacy in Fractions Contents )

J

J
) ]
Q_C Evaluation ) é ' Ye:s I

Fig. 12. Research flow chat

4.3 Development of IDM

The development of IDM in this research used the Flipbook design through Flipping book
software. Flipbook is a form of digital book that combines text, photos, audio and video in one
platform [62]. The design process should focus on accessibility to ensure that the app is user-friendly
for elementary school students. Table 9 shows the development of IDM using Flipbook design.

The use of digital modules is needed to accommodate students' needs and facilitate students in
learning in the digital era. Technology-based multimedia tutorials such as digital modules can provide
assistance to students to overcome the shortcomings of conventional learning and can motivate
students to be able to learn independently [13]. The results of the study showed that the learning
outcomes of students who used digital modules could obtain understanding scores with a very good
achievement category [17]. Therefore, the use of technology can be integrated into mathematics
learning in Elementary Schools to improve mathematical literacy.
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Table 9

Development of IDM

IDM Description

snsmemn & A L “  The cover display of IDM using Flipbook.
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The prerequisite material as a requirements
should be mastered by students before they
learn about fractions operation

e <Lt onl 2] eyt

e M LR Q In each page, there is some of buttons in the
below of IDM. The buttons were used to
move from one page to another page and
other activities such as share link, tur non the
audio, and others.
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Akademia Baru
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J! Fewrade
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10 Mrngtom

There are 5 chapters of learning materials. In
each chapter, students are displayed a shor
stories related to the matematics literacy on
fractions concepts.

The contents are displayed with colorfull
pictures and representation of objects that
can foster students with mathematics
literacy.

In the end of session of each chapter,
students do the evaluation to measure the
achievement of students.

4.4 Reflections of IDM Development

The reflection results from the development of the IDM found that mathematics literacy of
students increased. In addition, according to the validation by experts, the IDM was quite effective
in Flipbook design for students. Table 10 shows mathematics literacy of students before and after

using IDM.
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Table 10
Mathematics literacy of students before and after using IDM
No. Achievement of Mathematics Sub-Indicators Before After
Literacy of Students
1. Formulating the situation Identify the mathematical components of a 40% 76%
mathematically contextual problem and the significant variables
contained therein.
Represent situations mathematically, using 37% 80%
appropriate variables, symbols, diagrams and
models.
2. Using mathematical concepts, Develop and apply strategies to find mathematical  30% 75%
facts, procedures, and solutions.
reasoning
Manipulate numbers, data, graphical information, 35% 78%
statistics, algebraic expressions and equations, and
geometric representations.
3. Interpreting, applying and Interpreting mathematical results in real-world 27% 70%
evaluating mathematical results  contexts.

Evaluate the reasonableness of mathematical 20% 71%
solutions in real-world contexts.

Mathematical literacy can develop with consistent use of technology to enhance students'
exploration and relationship with mathematics. Several studies have shown that the use of
technology has a vital role in mathematics learning and mathematical literacy practices. However,
the instruments used in integrating technology in developing mathematical literacy must consider
the pedagogical aspects and mathematical concepts themselves. Digital modules are a type of
teaching material in the form of modules that are presented digitally and are easily accessible via
digital devices, be it computers, laptops, or smartphones [35]. Along with the development of
technology, modules are not only in print but have been developed in digital mode. This research has
implications for using IDM as an innovation to improve student’s mathematics literacy of fractions.

For the implementation, there are several potential challenges that may arise from the use of
IDMs in mathematics learning. First, one of the main challenges in implementing educational
technology is the disparity in students’ access to technology. Not all students have equal access to
devices such as computers, tablets, or stable internet connections. This can create inequities in
technology-based learning. Second, Students from different backgrounds may have varying levels of
digital skills. Students who are less familiar with technology or have limitations in using digital devices
may struggle to utilize digital modules effectively.

In diverse classroom settings, each class has different dynamics and characteristics. The
implementation of IDMs needs to be adjusted to the class context, including the number of students,
available resources, students' technical ability levels and learning objectives. The implementation of
IDMs in a classroom setting requires special attention to classroom management. Students can be
divided into large groups or classes with varying levels of ability.

The results have some implications for educators and policymakers. Educators need to be more
creative in using technology to support more engaging and effective learning. For example, they can
use IDM as an innovation to improve student’s mathematics literacy of fractions. For policymakers,
policies should also encourage innovative use of technology, for example by providing incentives for
schools that successfully integrate technology into mathematics teaching in effective ways.

Regarding generalization, these results are applicable to similar educational contexts, such as
elementary schools in regions with comparable characteristics. These findings may also be observed
in broader populations in other countries, given similar regional demographics and features of
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elementary schools. However, there are limitations to the study, including the sample size and the
need for more control variables to determine whether the positive relationship remains consistent
across different conditions. For future research, the researchers can explore the effect of technology
integration on mathematical literacy, the technology access gap and its impact on mathematical
literacy, and the other topics related to IDM.

4. Conclusion

IDM is the innovation of technology-enable mathematics literacy for students in calculating heat
transfer. This result revealed that the IDM was designed and developed using Flipbook design. The
contents covered how to do fraction operations completed with materials of fractions, student
worksheets, exercise of mathematics literacy tests, interactive videos and evaluations related to the
need of students. The interactive and user-friendly design empower students to explore fractions
and relation to the mathematics literacy. According to the validation by experts, the IDM was quite
effective in Flipbook design for students. For the implementation, the IDM of fractions can enhance
mathematics literacy of students. This research has implications for using IDM as an innovation to
improve student’s mathematics literacy of fractions.
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