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Abstract. Social literacy and humanitarian literacy characterize society 5.0 as an
effort to optimize technology to solve social problems. According to this perspec-
tive, technology is not a machine but an integral part of life in solving problems.
This research aimed to optimize the role of technology in the learning process
by developing technology-based teaching materials on the topic of circles. The
research methodology used was development research. Preliminary data was col-
lected through a literature study. The pilot testwas conducted on elementary school
students in Bandung, West Java, Indonesia with an evaluation instrument in the
form of a test. The teaching materials developed in the form of student work-
sheet that referred to the Theory of Didactical Situation (TDS), so students could
actively construct knowledge by completing the missions provided. Test results
after students used teaching materials showed good criteria. The research conclu-
sion shows that technology-based teaching materials on the topic of circles using
TDS theory can be a solution to construct students’ understanding ofmathematical
concepts and optimize the use of technology in the Society 5.0 era.
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1 Introduction

The development of technology from time to the time has been progressing massively.
This momentum produces a new perception of life among humans with a technology
called Society 5.0, where humans synergize and live side by side comfortably with
technology such as the internet of things (IoT), artificial intelligence (AI), and robots
[1]. Therefore, the innovation of technology contributes to mankind’s life and increasing
their life quality [2].

Society 5.0 is a continuation revolution of Industry 4.0. Compared to the industrial
era 4.0, the main characteristic of Society 5.0 is prioritizing social literacy and the
literacy of humanity. In a more advanced times, technology has become a solution to
social problems and creates sustainability [3]. In other words, technology is not only
a machine but also a part of integrated life to solve problems in everyday life. The
education sector is one of the sectors that gave rise to many educational innovations
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that are integrated with technology. Therefore, incorporating technology in education is
expected to improve the quality of education including human resources in it, especially
in supporting teachers to construct student understanding through the development of
appropriate teaching materials.

Teaching materials are an important component to support teaching and learning
process [4] because they include learning theories, teaching and learning methods, and
assessments that have been systematically developed to achieve learning objectives.
However, the utilization of technology to be integrated into learning materials has not
been optimal [5]. There are many challenges in integrating learning with technology,
such as lack of understanding of the use of learning applications and low confidence in
using technology [6, 7]. Although the government has made a global design to facilitate
the development of technology infrastructure and networks for educational institutions
in Indonesia [8], more innovation is still needed to enable teachers to adapt to using
technology.

The process of teacher adaptation to technology requires greater effort, as the major-
ity of educators are not used to integrating learning with technology. Based on research,
only 20% of teachers are experienced in creating interactive learning media [9]. In addi-
tion, another study mentioned that there are some teachers who have not been able
to utilize ICT facilities in schools for learning media because they do not have the
competence to develop ICT-based learning materials [10].

On the other hand, studies on the use of technology in developing learning materi-
als have been carried out, for example in developing interactive learning materials by
utilising video editing and Corel Draw [11], developing the use of technology during
learning in interactive learning materials in electrical materials [12], and many other
innovations in the use of technology in learning. Therefore, it is necessary to develop
technology-based teaching materials that can be constructed and used by teachers, one
of which is through the power point application.

Microsoft PowerPoint is an application that is familiar to teachers, and almost all
teachers have used the application. Making teaching materials using the PowerPoint
application has been widely done [13–15], which shows that using PowerPoint improve
the ability of teachers to construct teaching materials. However, from several studies that
have been conducted, there has been no research to create PowerPoint-based teaching
materials based on Didactical Situation Theory.

The Theory of Didactical Situation (TDS) allows students to formulate and vali-
date concepts [16]. In addition, findings show that using student worksheets based on
TDS can help students discover statistical concepts, as well as support the students to
understand and solve mathematical problems [17]. TDS provides a systemic framework
for investigating the teaching and learning process of mathematics and supports didac-
tical design [18]. Didactic situations can review the learning process that students can
understand and support didactic design on materials [19].

Based on this background, this study aims to present an alternative solution by
utilizing technology in the learning process, namely the creation of PowerPoint-based
teaching materials and integrated with Didactical Situation Theory in order to increase
the role of technology in learning mathematics in schools.
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2 Method

This research used the satges development research methods of Plomp and Nieveen
[20], namely investigative studies, making prototypes (prototype phase), and evaluating
the use of prototypes. At the investigation stage, a needs analysis was carried out in
the learning process related to the topic of circle to be integrated with technology so
as to produce appropriate alternative solutions. Furthermore, the prototype design was
carried out based on the stages of knowledge construction according to Brousseau,
namely the action situation, formulation, validation, and institutionalization. To review
the prototypes made, this study involved content experts and media experts to carry out
validation, based on the criteria in the following Table 1:

To evaluate the use of prototypes, the teaching materials were trialed with grade 6
students. The criteria for schools in trialswere accustomed to usingdevices in the learning
process. The approach used was a case study. Data collection techniques employed
triangulation in the form of tests and interviews. The test given to students was formed
based on the cognitive dimension of Bloom’s cognitive taxonomy. Bloom’s taxonomy
states that there are six levels of student intelligence, namely: remember (C1), understand
(C2), apply (C3), analyse (C4), evaluate (C5), create (C6). However, the cognitive level
used in making test instruments to evaluate students’ abilities only reaches C4. This
was intended to explore students’ abilities after using interactive multimedia teaching
materials [21]. However, this test instrument was not validated beforehand. To calculate
the percentage of students’ correct answers, we used Eq. (1).

the correct answer for all students of type n

total number of correct answers
× 100% (1)

The analysis process was carried out by reading it repeatedly until the results were
obtained which were used as a source for evaluating and revising the prototype that had
been tested.

Table 1. Criteria Validation Prototype Teaching Materials

Score Range Category

x̄> Mi + 1,5 SBi Very valid

Mi + 0.5 SBi < x̄<Mi + 1,5 SBi Valid

Mi – 0,5SBi < x̄<Mi + 0,5 SBi Average

Mi – 1,5SBi < x̄>Mi – 0,5 SBi Hardly valid

x̄< Mi – 1,5 SBi Not valid

Description:

x̄= 1
2 (maximum score + minimum score)

SBi = 1
6 (maximum score – minimum score)

x̄: mean ideal score
SBi: deviation ideal standard
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3 Result and Discussion

Research results were written into the parts by stages of research, namely results in the
investigation stage, the result of the prototype and evaluating the use of prototypes. That
result would be explained as follows.

3.1 Results Investigation

The availability of technology-based student worksheets is still lacking due to teachers’
and students’ perspectives that using technology is complicated and inadequate facilities
and infrastructure [10, 22]. To be able to shift towards Society 5.0, transformation is
needed to adapt to technology. Therefore, it is imperative for teachers to be skilled in
using technology [23]. One of the familiar applications used by teachers is Microsoft
PowerPoint [13], as this application is not too complicated to use and is commonly
used to present programmes and materials in the classroom by teachers. Considering
its simplicity and teachers’ familiarity, the author conjectured that it would be easier to
provide direction to teachers to create power point-based teaching materials. Therefore,
the author designed a sample worksheet that could be modified and be developed by
teachers independently and could be used to interact with students.

The teaching material design was constructed based on the Theory of Didactical
Situation (TDS). According to Brousseau (1990), through TDS several patterns and
innovations could be built to overcome student learning problems. This was because the
material provided to studentswas arranged, so students could bemore interactive to carry
out their cognitive processes. Based on research that the integration of TDSwith teaching
materials could help students to understand and solve mathematical problems [17]. This
supported student-centred learning that was promoted in Indonesia, where students are
active and independent to carry out mental processes in internalising knowledge.

3.2 Results of Prototype

This teaching material was designed in the form of Student Worksheets integrated with
technology on the topic of circles. This worksheet was made based on TDS framework
to allow students to play actively in constructing their knowledge. The worksheet was
designed by including a game feature that is a mission solution. Seven missions needed
to be solved by students such as mission 1 (knowing the circle), mission 2 (knowing the
radius), mission 3 (knowing the diameter), mission 4 (knowing the arc of circle), mission
5 (knowing the chord of a circle), mission 6 (knowing segment), mission 7 (knowing
sector). Figure 1 is the design from the worksheet.

This teaching material was designed with shapes and bright colours to make learning
process more interesting [24]. This worksheet was arranged so the students could carry
out process construction knowledge based on didactic stages: action, formulation, val-
idation, and institutionalization. Table 2 shows an example of knowledge construction
with didactis stages in completing mission 3 (knowing the diameter), as follows.

The stage of TDS would be explained in more details as follow.
Action. In this phase, the student did mental action when given the problem. The

student attempted to complete the problem by optimizing their senses. They followed
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Fig. 1. The worksheets design

Table 2. Construction Knowledge Based on TDS Stage.

Stages didactic Indicator

Stage action Student use their sense to interact with a circle

Stage formulation Student gather all information to plan in details and solve problems

Stage validation Student produce opinion, have a debate between themselves, find
the best solution, and agree with the best strategy to use for solving
problem

Stage institutionalization Student respond and the teacher play a role to connect them with
the relevant theory

every instruction given by the media to determine the solution gradually from a given
case or mission. Actions to complete the first stage was illustrated in Fig. 2.

Formulation. The second phase was impacted by actions that had been done. Students
had a hypothesis or prediction of the future that would be proved the truth. In this step,
students guessed the correct statement appropriate with actions/processes that had been
conducted. The formulation in the complete problemworksheet was illustrated in Fig. 3.

Validation. On the worksheet would appear statement correct or wrong, as form valida-
tion for students. In addition, there was a reinforcing explanation argument for students.
Validation in complete problem worksheet was illustrated in Fig. 4.

Institutionalization. In the final phase, the appearance of statements becomes the main
feature to support the topic. Institutionalization to complete problem worksheet based
on illustrated in Fig. 5.

Fig. 2. Action phase, students complete the name of the point on the circle so as to form the radius
of the circle



The Development of Teaching Materials Based on Theory 61

Fig. 3. Action stage, students also answer the question after completing the points on the circle

Fig. 4. The validation phases

Fig. 5. The institutionalization phases

Institutionalization becomes a bridge to connect the new knowledge to students’
prior knowledge. Furthermore, students applied their prior knowledge to solve problems
in different contexts. Based on the theory, the worksheet connected the second and third
mission, with the question in Fig. 6 as follows.

Fig. 6. Another institutionalization phases
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To evaluate students’ cognitive abilities, questions were made with different levels
of difficulty based on Bloom’s Taxonomy. Table 3 explained the evaluation questions
based on Bloom’s Taxonomy, as follows.

Three experts had validated this teaching material, one expert was a lecturer with
a mathematics and educational background, while the other expert was a teacher. Each
item evaluation had a maximum score of 5 and a minimum score of 1. Table 4 below
showed the average result of the validator’s assessment of the teaching materials.

Based on the Table 4, the teaching materials which three validators had validated
were in the valid category. This validation could be used as a basis for the feasibility of
teaching materials to be tested in learning because they had implemented the approach
that would be appropriately used and could measure the suitability of teaching materials
with existing curriculum standards.

Table 3. Grid Question Evaluation Cognitive.

Question Tiers of Cognitive Cognitive Level
Indicator

Grid Question Point

1 C1 (Remember) Student remember
the terms elements of
a circle

Given name and
picture of circle
elements. Student
requested for pair
name and picture
proper

10 x 6 = 60

2 C2 (Understanding) Student understand
the definition of
elements of a circle

Given a definition
from one element of a
circle, student
requested for mention
name element form
circle

10

3 C3 (Application) Student capable of
making a connection
between radius and
diameter

Given an object
shaped known
diameter, student
requested for count
radius of circle

10

4 C4 (Analysis) Student
capable of describing
the features of
elements of a circle

Given an element
circle. Student
requested for mention
characteristic features
from one
element of circle

20

Amount of scoring 100
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Table 4. Validation of Worksheet

Aspect Evaluation Total Score High School Presentation Criteria

Contents
served

74 90 82 Very
valid

Language 60 75 80 Very
valid

Worksheet
Structure

51 60 85 Very
valid

Media
Utilization

27 30 90 Very
valid

3.3 Result of Evaluating the Use of Prototypes

The school chosen for the implementation should fulfil the criteria: including providing
a computer or netbook at the school, or a school that allows students to use mobile
phones during learning. Furthermore, there were no more than 20 students in a class,
allowing researchers to observe and use technology in depth. Therefore, the research
was conducted at a private school in the city of Bandung. The object of research was
6th grade students with 19 students in one class. Students did a prototype trial using
a mobile phone. The lesson lasts for 30 min. To evaluate the optimization of teaching
materials, students were given a test consisting of 10 questions using the Google form.
The 10 questions were divided into three types of questions, namely six matchmaking
questions, two short questions, and one long question.

Survey results showed that a majority of students understood the elements of a
circle: 87% of students were able to answer match questions correctly, 85% were able to
answer short questions correctly, and 55% of students were able to answer by defining
or describing elements circle exactly.

3.4 Discussion

Teaching materials are an important aspect of supporting successful learning [4]. In
the learning activities carried out during trials, students were active in completing the
missions contained in the prototype teaching materials. Teaching materials that are inte-
grated with technology optimize the role of technology in conveying mathematical con-
cepts to students. Furthermore, the use of the TDS framework, which consists of four
stages, namely: action, formulation, validation, and institutionalization [16] makes stu-
dents active in constructing their knowledge. The learning process becomes interactive
because students have good abilities and skills in operating the application. This affects
their ability to complete missions well [25]. However, some students experienced prob-
lems during the lessons due to internet quotas and an unsupported system. This can
be anticipated with cooperative learning where students work together to solve work-
sheets. This can be anticipatedwith cooperative learningwhere students work together to
solve worksheets. Based on interviews with math teachers, developing teaching materi-
als using PowerPoint can make learning more interesting. However, assistance from the
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teacher is needed to help students understand the content of the material. Furthermore,
the test instrument carried out by students at the end of learning shows good test results.
However, because the trial of this teaching material was only carried out once, revisions
were still needed [20], for example instructions that were not understood by students,
more coordination to make good preparations so that students could prepare quotas or
each gadget.

4 Conclusion

The use of technology in the learning process through the creation of teaching materials
based on Microsoft PowerPoint and integrated with the Theory of Didactical Situation
can optimize the role of technology in learning mathematics in schools. This teaching
material is an alternative solution for optimizing technology in the Society 5.0 era. This
teaching material is structured to complete the missions provided. During the learning
process, students look interactive in completing missions and produce good average
test scores. As a recommendation material, because this teaching material is Microsoft
PowerPoint based, this can make it easier for teachers to imitate, modify and develop
more interactive teaching materials.
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