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Abstract

Problem Based Learning e-module with mathematical literacy is indispensable in learning both
offline and online to improve students' mathematical reasoning abilities. The research aims to
develop a Problem Based Learning e-module with mathematical literacy to improve students’
valid, effective, and feasible mathematical reasoning. The method of development in this
research with stages: analysis, planning, development, and evaluation. Before the research trial
validation assessments were carried out on the e-module: material assessment, learning
assessment, and design assessment. The data collection were validation assessment sheets,
mathematical reasoning test results, and qucstionnairegsults in response to the e-module. Data
analysis was carried out in a qualitative descriptive. E-module was developed by using sig
software application in mathematics learning. The results showed that the responses to the e-
module were in accordance with the student's needs: providing convenience, being practical
and having attractiveness so that it was not boring. The research concludes that the Problem
Based Learning e-module with mathematical literacy is valid, very effective and very feasible,
and can improve students' mathematical reasoning abilities. E-module Problem Based Learning
with mathematical literacy can be implemented in learning mathematics, especially in online
teaching and learning activities.
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Introduction

Reasoning is a student's thinking ability that must be developed to focus more on definition,
logical proof, logical and creative reasoning mindset (Akkus, 2016; NCTM, 2009, Rogers &
Steele, 2016). Reasoning is a mental or cognitive activita through logical and analytical
thinking (Hidayah et al., 2020; Subanji & Nusantara, 2016). Reasoning is a thought adopted to
produce statements and reach conclusions on problem solving that is not always based on
formal logic, so it is not limited to evidence (Bergqvist & Lithner, 2012; Lithner, 2017). In this
regard, reasoning in mathematics is indispensable for solving mathematical problems.

Mathematical reasoning is a process of solving problems by identifying mathematical
problems, giving reasons, and concluding. Mathematical reasoning is a process of drawing
conclusions in solving problems (Harel & Fuller, 2013, Herbert et al., 2015; Norqvist, 2018;
Williams et al., 2020). Solving mathematical problems requires not only the ability to count but
also reasoning,tical, and creative abilities. In this regard, mathematical reasoning plays a
significant role in solving problems. Solving mathematical problems is not just a problem or
routine problem lmalso problems faced in real life.

The ability to solve mathematical problems in real life is a mathematical literacy ability.
Mathematical literacy is knowing and applying basic matherm'cs in real life (Haara et al.,
2021; Ojose, 2011). Mathematical literacy can be interpreted to formulate, use, and interpret
mathematics in various contexts (OECD, 2017). Mathematical literacy abilities include
communication, mathematization, restatement, reasoning, and reasoning, using problem
solving strategies, symbols, formal language, and techniques using mathematical tools
(Hardianti & Zulkardi, 2019; Utari et al., 2019). Literacy skills can be developed by making
learning innovaggns. Learning innovation that can facilitate mathematical reasoning and
literacy skills is Problem Based Learning (PBL).

Project Based Learning can help students understand problems and find solutions to
meaningful learning (Etherington, 2011, Ma@eod & van der Veen, 2020). Problem Based
Learning (PBL) is learning by grouping in small groups, then working together provides
motivation for ongoing involvement in complex tasks and increases opportunities for joint
investigation and dialogue, as well as for the development of social skills (MacLeod & van der
Veen, 2020; Merritt et al., 2017; Schettino, 2016).

E-module is an online electronic teaching material (Chen et al., 2015; Letchumanan &
Tarmizi, 2010) stating that technological developments need to be developed electronic

ching materials and online learning so that students from anywhere can attend the lecture.
The advantages of online learnjnmrc that students can study anywhere and anytime with an
internet connection and students are more inm:sted in using e-books to help complete their
assignments (Fernandez ml., 2020; Owston et al., 2008). In addition, various information on
the internet which aims to improve the teaching and learning of mathematics is continuous
(Bozkurt & Ruthven,ﬁl?; Mailizar & Fan, 2020). The research results by (Keengwe &
Georgina, 2012) state that technological developments provide changes to the implementation
of teaching and learning. In this regard, an e-module development innovation was carried out
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on multivariable calculus. Problem Based Learning e-module with mathematical literacy in
multivariable calculus was developed using the Eil application. Sigil is a technology
application that is applied in mathematics teaching materials in the form of e-modules. The
advantage of sigil is that writing can be converted into modules or digital books that can be
accessed anywhere with devices such as computer, laptop, or smartphone.

The virtue of developing online learning ﬁariable calculus modules is in the form of
modules developed in electronic modules with Problem Based Learning with mathematical
literacy. The specifications of the developed e-module products are e-modules that are designed
systematically with material arranged in simple and clear sentences. E-modules provide
implementation instructions as a guide for lecturers and students, contain learning activities to
improve understanding of concepts, are designed with an attractive design display, and are easy
to apply. In this regard, this research generally aims to develop a Problem Based Learning e-
module with mathematical literacy that is valid, effective, and feasible to improve student
reasoning.

Methods

This research is de&lopment research using the development design of (Richey et al., 2011),
namely: analysis (analysis), planning (design), developmenﬁjevelopment), and evaluation
(evaluation). The development model of (Dick et al., 2009) includes identifying the learning
objectives, analysis of learning, formulating specific objectives, developing assessment
instruments, developing learning strategies, developing, and selecting materials, revising
learning materials, designing, and carrying out evaluations. Product validation is mterial
validation, learning, and product design. Furthermore, a research trial was conducted, with the
subject of research involving students of Mathematics Education at the University of PGRI
Q_njuruhan Malang. They were or had taken the multivariable calculus course, a total of 17
students in the small group test and 35 students in the large group test.

The data obtained in the subsequent research activities were analyzed descriptively and
qualitatively. Descriptive analysis is used to determine the effectiveness and feasibility of the
developed e-module Qualitative analysis determines what needs to be revised from the e-
module developed on the multivariable calculus material. The stages of the Problem Based
Learning e-module development procedure with mathematical literacy are as follows: (1)
Analyzing: the development model in the first step by identifying, and the second step is
learning analysis; (2) Planning: the development model in the third step by determining the
implementation time. The fourth step by compiling instruments (test questions, student
worksheets, and questionnaires as responses from both lecturers and students). The fifth step is
designing the web, product specifications, and e-content structures -module (draft e-module
problem-based learning with mathematical literacy); (3) Developing: the development model
in the sixth step is developing e-module components, producing e-module drafts, testing e-
modules, and producing e-module drafts with final revisions. E-module developed in the
multivariable calculus course. Next is the seventh step by developing materials and conducting
validation, then the ninth step by designing valid, effective, and feasible products for the
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developed e-module; (4) Evaluating: the development modeﬁl the tenth step is evaluating and
analyzing data on the validity, effectiveness, and feasibility of the Problem Based Learning e-
module with mathematical literacy through the e-module product test, which includes a
mathematical reasoning test and a questionnaire as a response to both students and lecturers.
The mathematical reasoning test with three description questions on the multivariable calculus
material. While the questionnaire with 15 questions related to responses to the multivariable
calculus Problem Based Learning e-module with mathematical literacy. The test results refer to
the mathematical reasoning ability with the indicators shown in Table 1.
Table 1. Mathematical Reasoning

Indicator Sub Indicator
Making inferences in problems Identifying problems
Mentioning the question in the problem
Providing mathematical Determining steps/strategies for solving problems
manipulation

Giving an argument or reason as  Using the steps/strategy set out to solve the problem

the truth of the answer/solution Providing an explanation of the relationship between
the steps/strategies used in solving problems

Drawing conclusions/generalizing Obtaining answers/completion of steps/strategies that
have been applied in solving problems Provide
conclusions from the arvers / solutions that have
been obtained in solving problems

In t}mProblem Based Learning e-module with the developed mathematical literacy
process, it can be seen in Table 2.
able 1. Problem Based Learning Syntax with mathematical literacy process

Problem Based Learning Syntax Mathematical Literacy Process
Orientation to problems Formulating (identifying problems)
Formulating (identifying problems)
Applying (applying mathematical concepts)
Guiding individual or group Applying (applying mathematical concepts)
investigations Interpreting (explaining the solution)
Applying (applying mathematical concepts)
Interpreting (explaining the solution)
Analyzing and evaluating the Interpret (explaining the solution)
problem solving process

Organizing for learning

Developing and presenting the work

Before implementing the product test, three validators first conducted an evaluation of
the validation of the e-module product, namely: an assessment of the material by a material
expert, an assessment of learning by a learning expert and an assessment of product design by
a design expert. In addition, an assessment of the validation of research instruments was also
carried out by an expert on research instruments. After the validation assessment and declared
valid, the product test was carried out in small and large groups. The qualification of validity is
in Table 3.
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Table 3. E-Module Validity Qualification

Description Qualification
&% <r <100% Very valid without correction
60% <1 < 80% Valid with correction
40% <r < 60% Fairly valid with correction
20% <r < 40% Less valid with correction
r < 20% Invalid

In addition, the developed e-modules were also analyzed with the effectiveness qualifications

in Table 4.
Table 4. Qualifications of E-Module Effectiveness

Description Qualification
80% < r < 100% Very Effective (the e-module is very effective)
60% < r < 80% Effective (the e-module is effective)

40% <r < 60%  Quite Effective (the e-module is quite effective)
20% <r < 40% Less Effective (the e-module is less effective)
r < 20% Ineffective (the e-module is not effective)

The analysis of research data with eligibility qualifications is shown in Table 5.
Table 5. E-Module Eligibility Qualifications

Description Qualification
80% <r <100% Very Eligible (the e-module is very feasible)
60% <1 < 80% Eligible (the e-module eligible)
40% <r < 60%  Fairly Eligible (the e-module is decent enough)
20% <r < 40% Less Eligible (the e-module less feasible)
r< 20% Not Eligible (the e-module is not eligible)

Developed Problem Based Learning e-module with mathematical literacy also utilizes
technology using the sigil application. Converting module files in word to module files uses the
sigil application, with the first step using word processing, and then using sigil with file formats
are html and epub. The results of the e-module can be accessed via computer, laptop, or

smartphone.

Results

The research implemented several stages. The analysis stage was carried out by identifying and
analyzing the learning objectives. The learning activity used a book, thus the students still
difficult understanding the concept of the material, students' mindset of problem solving was
not optimal, there is no multivariable calculumook in the form of an e-module, and students'
reasoning abiliti%were still not maximized. The results of the analysis showed that students
need electronic teaching materials in the form of e-modules to provide motivation and
assistance to students in reasoning on multivariable calculus to be able to answer problems
correctly. One of the efforts to achieve multivariable calculus competence was the need for
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learning materials in the form of Problem Based Learning e-modules with mathematical literacy

to grow student reasoning.

The planning stage was done by determining the implementation, compiling instruments,
designing product specification designs, and the contents' structure of the e-module. It begins
with compiling instruments, including mathematical reasoning test qucstionaqucstionnaircs as
lecturers’ and students' responses, students' worksheets, and then designing product
specifications and the contents' structure ofg:he: e-module. The researchers compiled
mathematical reasoning tests for obtaining data about the effectiveness of the Problem Based
Learning e-module with mathemﬁcal literacy and compose questionnaires to obtain data about
students and lecturers’ response on the feasibility of Problem Based Learning e-module with
mathematical literacy.

The development stage was carried out by validating the developed e-module Problem
Based Learning with mathematical literacy. The validator's assessment suggested improvement
for material with examples and exercises that need to be considered so that the questions are
easier to understand, and the appearance of the e-module is less attractive in explaining
formulas/concepts. The researchers revised the e-modules according to the suggestions given
by the validators. In addition to e-modules, research instruments that had been validated were
declared valid. However, suggestions were given by the validators for instruments
improvement, including the correction of the question's language to avoid confusion about the
questions, suggestions for improving questionnaires for lecturers' and students' responses where
the core statements for responses need to be considered since there were statements that had the
same meaning.

In the fourth stage, namely, evaluation was product testing wu:h included product
testing. The product testing was implemented in small and large groups to obtain students' and
lecturers' responses to the developed Problem Based Learning e-module with mathematical
literacy, also evaluating and analyzing the effectiveness and feasibility of the e-module.

The research was done in four stages obtaining validation of research instruments and
e-modules. The validated product for the Problem Based Learning e-module with mathematical
m:racy shows that it is valid and can be applied for the research. The validation of e-modules
can be seen in Table 6.

Table 6. E-module Validation

Description Percentage
Material 77
Learning 73
Product Design 75

The recap of validated students' worksheets, mathematical reasoning tests, and
questionnaires for student and lecturer responses is in Table 7.
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Table 7. Recap of Validation of Research Instruments

Description Percentage
Student Worksheet 77
Mathematical Reasoning Test 73
Questionnaire for students 75
Questionnaire for lecturers 75

The research instruments in the form of mathematical reasoning tests, questionnaires for
students' and lemrers' responses, and students' worksheets that have been validated show that
the instruments are valid and can be applied in research. The results of the research product test
in small groups with 17 mathematics education students are shown in Table 8.

Table 8. Recap of Test Results and Questionnaires

Description Percentage
Mathematical reasoning test 63.37
Questionnaire for students 74.25
Questionnaire for lecturers 7337

The mathematical reasoning test in the small group product test obtained a recap of the
data that the effectiveness of the Problem Based Learning e-module with mathematical literacy
was 63.37%, which can be said to be effective. In addition, ha results of the questionnaire for
e-module responses obtained a data recap that the feasibility of the Problem Based Learning e-
module with mathematical literacy with a questionnaire for student responses was 74.25%. The
questionnaire results for lecturer responses were 73.37%, so the average fcasibﬁy of 73.81%
can be said to be feasible. The product trial results show that the online learning of the Problem
Based 1E'ning e-module with mathematical literacy can be declared valid, effective, and
feasible in the small group product test. The results of the research product test in large groups
with 35 mathematics education students are shown in Table 9.

Table 9. Recap of Test Results and Questionnaires

Description Percentage
Mathematical reasoning test 81.77
Questionnaire for students 83.55
Questionnaire for lecturers 82.25

The product test for mathematical reasoning test in the large group obtained recap data
that the effectiveness of the Problem Based Learning e-module with mathematical literacy was
81.77%. Mathematical reasoning test results had increased from 63.37% to 81.77%, so it could
be said to be very effective. In addition, the Inults of the questionnaire for e-module responses
obtained a data recap that the feasibility of the Problem Based Learning e-module with
mathematical literacy for students' responses was 83.55%, and the results of questionnaires for
lecturers' resppgises were 82.25% . Therefore, the average feasibility is 82.9% very feasible. The
product trial results showed that the online learning of e-module Problem Based Learning with
mathematical literacy could be declared very valid, very effective, and very feasible in large




Retno Marsitin, Nyamik Rahayu Sesanti

group product testing. The Problem Based Learning e-module with mathematical literacy is
shown in Figure 1.

E-Modul Problem Based
Learning dengan literasi mat..

Figure 1. E-Module

The results of the research product test showed that the responses of students and lecturers were
very good on the Problem Based Learning e-module with mathematical literacy and could
improve the results of the mathematical reasoning ability.

Discussion

The developed and applied Problem Based Learning E-module with mathematical literacy in
research includes: a) Science with scientific literacy, namely the ability to identify scientific
information, apply it in reality, and determine solutions; b) Technology with technological
literacy, namely skills in applying various technologies, analaing, and technology
development; c) Engineering with engineering literacy, namely the ability to develop
technology designed to be more Gf:ativc and innovative through the unification of various fields
of science; d) Mathematics with mathematical literacy, namely the ability to analyze and convey
ideas, and solve problems mathematically in its application. Student worksheets on the Problem
Based Learning e-module with mathematical literacy are very helpful for students in
understanding concepts and solving mathematical reasoning problems correctly and precisely.
Problem Based Learning with mathematical literacy in the form of e-modules with student
worksheets can be easily accessed by students via the internet either on a computer, laptop, or
smartphone. Discussion in the online learning system established student interaction. This is in
line with the opinion (Juandi & Tamur, 2021; Junianto & Wijaya, 2019; Utari et al., 2019) that
Problem Based Learning with mathematical literacy helps motivate students to develop a
mindset. (Cetinkaya, 2019; Juandi & Tamur, 2021) argue that Problem Based Learning with
mathematical literacy combines learning with technology.

Problem Based Learning E-module with mathematical literacy developed by applying
technology umg the sigil application can be accessed through computers, laptops, or
smartphones. The results of the study showed that the responses to the Problem Based Learning
e-module with mathematical literacy were in accordance with the needs of students, namely
having convenience, attractiveness, and usefulness, according to the opinion (de Mooij et al.,
2020) that responses in a course are indirectly related to change in mathematical mindset and
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mathematical confidence. It also agrees with (Choi & Walters, 2018) that online learning can
further improve math performance. Mamolo (2022) argue that the type of online learning tools
is very high depending on network connectivity. In line with the research conducted (Keengwe
& Georgina, 2012; Mailizar & Fan, 2020) that explains that technology, with its development,
provides innovative changes to the implementation of learning. Tezer et al. (2019) also
explained that prospective tﬂchers significantly increased their success in teaching with online
learning. This shows that thaProblcrn Based Learning e-module with mathematical literacy
can be declared aid, very effective, and very feasible to be implemented in mathematics
learning, and can improve students' mathematical reasoning abilities.

Conclusion

The results and discussion of the development of the Problem Based Learning e-module with
mathematical literacy can be concluded that the Problem Based Learning e-module with
mathematical literacy is declared valid, very effective and very feasible to be implemented in
mathematics learning and can improve students’ mathematical reasoning abilities. It is
recommended in the application of online learning that use Problem Based Learning e-module
with mathematical literacy to prepare all the necessary facilities, especially the readiness of a

smooth internet signal so that learning goes well.
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