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Abstract—Many changes occur in the world of education as a result of tech-
nological advancement, including the compilation of a module. Digital modules
that students can easily access and that have been compiled based on an analysis
of student learning obstacles are required. Therefore, this research aims to de-
velop a digital module based on student learning obstacles and it employs the
theory of Digital Didactical Design (DDD). DDD contains components of learn-
ing objectives, learning activities, process-based assessment, social relations, and
integrated technology. This is an on-going study relying on ADDIE (Analyze,
Design, Development, Implement, Evaluation) model and it reveals the results
from Analyze, Design, and Development stages. In the analysis stage, several
instruments, such as test, interviews, and documentation, were used to encounter
some learning obstacles in solving the combination problems faced by the voca-
tional high school students. The next stage is designing the digital module based
on the students' learning obstacles using DDD components. And in the develop-
ment stage, the validity and practicality of the module are being tested and the
results are very valid and practical. Thus, this digital module was feasible and
can be used in teaching combination for vocational high school students to min-
imize learning obstacles.

Keywords—combinatorics, digital didactical design, digital module, learning
obstacle, vocational high school students

1 Introduction

Combinatorics requires special attention in mathematics, particularly for high school
students, due to its abundance of contexts for problem-solving. Deep mathematical rea-
soning, critical thinking, logical reasoning, and keen insight are required to solve com-
binatorics problems [1]-[3]. Additionally, combinatorial applications are used in other
fields of science such as computer science, communications, genetics and statistics [2].
Understanding the rules for counting in combinatorics is difficult for students, particu-
larly when calculating the number of probabilities for an event using combinations,
permutations, and multiplication rules [4]. There are two steps to teaching this material
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easily, namely understanding students' difficulties in solving combinatorics problems
and identifying variables causing these difficulties [1].

Students' difficulties in combinatorics are studied by analyzing the obstacles they
face in learning. There are three types of learning obstacles, namely ontogenic, didactic
and epistemological obstacles [5]. Ontogenic obstacles are due to differences between
the knowledge levels of students and teachers. Didactic obstacles are caused by the lack
of appropriate methods or approaches used in teaching. Epistemological obstacles oc-
cur due to limited knowledge of a certain context [6]. To achieve success in learning
permutation and combination materials, it is necessary to analyze students' obstacles
when attempting to solve problems.

According to Suryadi (2019), one of the main issues causing learning obstacles in
learning permutations and combinations is teaching material [6]. Several previous stud-
ies show that the design of teaching materials needs to be organized systematically to
develop mathematical abilities, including mathematical communication, problem-solv-
ing activities, and combinatorial thinking skills [7]-[11]. Several previous studies sug-
gest TDS as the theory to design the learning materials. TDS (Theory of Didactical
Situations) is one theory to design a learning material, and it presents activities related
to interactions between teachers, students, and mathematical knowledge. Brousseau
(2002) describes didactic situations in several stages, including action, formulation,
validation, and institutionalization [5], [12]. The training program provided in accord-
ance with TDS had a positive impact on changing and developing students' attitudes
toward mathematics education courses [13].

However, previous studies presented various mathematics learning materials with
TDS in a paper-based form. It is necessary to design a didactic situation with technol-
ogy integration. The incorporation of digital technologies into existing classroom prac-
tices allows digital technologies to potentially transform the way mathematics is taught
and learned [14]. Digital Didactical Design (DDD) is one framework-related didactical
situation (TDS) using technology integration.

DDD is a framework that views teaching, learning, and technology integration as a
system of three components (teachers, students, and content) [15]. Therefore, the ele-
ments are teaching objectives, learning activities, process-based assessment, social re-
lations, and technology integration [16], [17]. The digital term is a component of DDD
that answers the need to design teaching materials using integration technology. With
the incorporation of digital technologies into existing classroom practices, digital tech-
nologies have the potential to transform the way mathematics is taught and learned [18].
The link between mathematical practices and knowledge is strengthened in didactical
situations involving effective uses of technology and vice versa [17], [18].

The use of digital products in mathematics lessons has been conducted in several
studies, including game-based interactive Apps [19], [20], digital interactive math com-
ics [21], virtual reality in online learning [22], digital books using articulate storyline
software [23], and gamebooks [24]. However, these digital materials require a sufficient
internet connection and high-tech devices. Therefore, this study selected the Flip PDF
Corporation software application for designing digital modules on combination mate-
rials. Using Flip PDF Corporation, students can experience reading books in three di-
mensions with interesting features, such as videos, music, pictures, interactive quizzes,
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and active hyperlinks. Additionally, this digital module is easily accessible by students
and only requires a minimal internet connection. Since lack of equipment or internet
connection still the problem during digital times [25]. Therefore, this research aims to
address the following questions:

a) What are the learning obstacles of vocational high school students in solving com-
bination problems?

b) How can a digital module be designed based on an analysis of learning obstacles
and DDD components?

c) Is the digital module that is arranged suitable for use?

The following section includes a review of the literature, research methods, findings,
and a discussion of our study.

2 Literature review

2.1  Learning obstacles in combinatorics

Permutations and combinations are the difficult part of combinatorics [26]. Before
finding clear instructions, permutation is the most challenging problem, even though
the formula used is the most straightforward [27]. There has been a great deal of re-
search into the teaching and learning of combinatorics in recent decades. Multiple stud-
ies have shown that less than half of students at various grade levels can correctly solve
basic arithmetic problems, including permutations and combinations [3], [26]-[29].
Additionally, the results showed that students could structurally connect and conceptu-
alize characteristic permutation problems more quickly [30]. Permutation and combi-
nation formulas were often misapplied, which indicates they may not understand when
and why these formulas are used [31].

A number of studies have extensively discussed the students' learning obstacles in
solving and understanding the concepts of permutation and combination problems. For
instance, students are confused about which cases use the idea of permutations, which
are combinations [3], [26], [32]. Students did the combination problem by using the
permutation problem [33]. Students make several types of errors in solving permutation
and combination problems. Students misinterpret the question, creation of solutions us-
ing wrong arithmetic operations, and wrong formulas used and disability to remember
the meaning of values for parameters in combinatorics [32]. Students have difficulty
making sense of permutations and combinations and have trouble with the meaning of
these concepts [34].

Learning obstacles are experienced when learning mathematics from outside (exter-
nal factors) [5]. In this study, learning obstacles are the main foundation in designing
Digital Didactical Design (DDD). Researchers need to know the learning obstacles ex-
perienced by students before designing DDD. Brousseau defines three types of learning
obstacles, namely ontogenic, didactic and epistemological obstacles [5]. Ontogenic ob-
stacles are due to differences between the knowledge levels of students and teachers.
Ontogenic research obstacles can be seen in student interviews regarding students'
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awareness of the benefits of combined material in everyday life and students' awareness
when encountering unsolved problems. Didactic obstacles are caused by the lack of
appropriate methods or approaches used in teaching. The didactic obstacles in this study
can be seen in the examination of documentation of the teacher's teaching materials,
student notes, and the results of interviews with students about classroom learning.
Epistemological obstacles occur due to limited knowledge of a particular context. Epis-
temological obstacles can be identified by administering diagnostic tests, followed by
interviews with students to identify obstacles and confirm students' thinking in com-
pleting the test. Therefore, when individuals are faced with a different context, the
knowledge possessed becomes unusable [6].

2.2 Theory of didactical situation in designing learning material

The theory of didactic situations (TDS) is a theoretical model, developed by Guy
Brrousseau, which provides the interaction between teacher, student and knowledge
[5]. Several previous studies suggest TDS as the theory for designing learning materi-
als. For instance, the design of circle material based on mathematical communication
[8], [35] and learning activities in negative integers [36].

Brousseau described didactic situations in several stages, including (1) Action Situ-
ations, when students are faced with mathematical issues solved by mental actions.
Without the teacher's intervention, the student must outline strategies, using reasoning
and prior knowledge to formulate ways to solve the problem [37]. Action situations are
successful when students can manage strategies and represent the given problems; (2)
Students ultimately arrive at the formulation situation due to the mental action they
perform. In the formulation situation, students can discuss the strategies used to solve
the given problem in pairs or groups. The success of this situation is when the problem
and construct plans are well understood to solve the given problem; (3) Validation Sit-
uation. After the formulation situation, a discussion called the validation situation is
conducted. The teacher can influence and improve the strategies at this stage by provid-
ing explanations and theories; (4) Institutionalization Situation is the process of con-
cluding learning outcomes and applying them to different contexts [5], [12]. The insti-
tutionalization situation is said to be successful in this study if students can complete
the practice questions given.

To achieve justified knowledge, learning material must be designed using TDS. Be-
cause the didactic situation provides a path toward a more equitable mathematics cur-
riculum that allows for greater access to powerful knowledge [38]. Recent studies used
TDS as a complementarity theory to design didactical engineering to conceive and
structure didactic situations aiming at its teaching [37], designing lesson plan using
cabri geometry software [39]. However, the previous studies of TDS phases are shared
in paper-based form. Based on earlier research, we elaborate on the TDS as a learning
activity and present it with a digital form. Regarding the didactic approach that teachers
should carry, it is critical to design mixed teaching techniques that will promote the
teaching of mathematics while being harmoniously enhanced by the use of ICT in the
form of computers or tablets [40].
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2.3  Designing digital module using Digital Didactical Design (DDD)

Digital mathematics learning is considered effective and can increase satisfaction
and quality of learning. Digital products help to meet the needs of today's native stu-
dents by involving them in the teaching and learning process [21]. The advantages are
the elements can be presented with digital teaching material that positively and practi-
cally impacts visual comprehension of the subject matter and interactive learning [41].
Furthermore, it improves the ability to practice the subject matter, especially for voca-
tional students [42]-[44].

Digital Didactical Design, presented by Jahnke [16], was inspired by Hudson [45]
and Lund & Hauge [46], which differentiated the concept of teaching and its activities.
The didactic concept from Europe explains the content-student-teacher relationship.
Jahnke complemented this concept to distinguish teaching and learning activities.
Therefore, DDD provides a new perspective on didactic and design activities [16]. One
of the central components is the cultivation of social relations. In this digital era, tech-
nology affects many layers of education, from classroom reactions, content in learning,
activities and agendas outside the school to local and national decision-making [47].
DDD uses the term digital because, in an Internet-driven world, teaching practices are
typically technology-based. However, the degree to which they support various forms
of learning varies depending on the quantity and quality of technology integration [16],
[48]. Technology integration in teaching affects the existing didactic design.

The main components are Teaching objectives, Process-based Assessment, and
Learning activities delivered through digital media in a social context. Innovation and
technology use lead to new learning situations at different levels. Technology-based
media produces multiple layers in education, influencing how humans interact with
knowledge content in the classroom and producing various effects on the didactic pro-
cess. The following are five design elements and their ideal characteristics for deep and
meaningful learning in DDD [16], [47], [49]: Firstly, learning objectives and expected
outcomes are clear and visible to students. The learning objectives in this study are
based on essential competencies and indicators of competency achievement. Secondly,
learning activities help students to achieve the learning objective. This study's learning
activities are based on the theory of didactical situations [5]. Thirdly, the process-based
assessment allows students to receive guided reflection for performance or skill devel-
opment. This study presents a process-based assessment by raising problems that can
lead to group discussion activities and live worksheets. Fourthly, social relations, for
example, teachers are experts and processing mentors and learning companions. Dis-
cussion activities between students or between students and teachers include the social
relations component. Fifthly, technology integration is required in DDD since students
document learning and create products.

The earlier research showed technology integration in didactical design implemented
using iPad [17], [47], [50], [51], digital and tangible artefacts [52]. However, this inte-
gration technology requires special devices that must be owned by students and teach-
ers. This study incorporates technology that teachers and students can easily access
from anywhere at any time using only their mobile phones. The technology integration
in this study is presented as a digital module via the Flip PDF Corporation application,
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which is accessible via the web. The digital module also includes DDD components
such as learning objectives, learning activities, process-based assessment, and social
relations. Learning videos, material explanation videos, interactive quizzes, live work-
sheets, and links to practice questions and assignment collections are among the digital
modules that have been compiled.

3 Methodology

The Research and Development with ADDIE (Analysis, Design, Development, Im-
plementation, Evaluation)[53] model was used to analyze student learning obstacles in
solving combinations, develop DDD in a digital module, and test the validity and prac-
ticality of Digital Didactical Design by expert and student.

3.1 Design research

This research consists of Analysis, Design, and Development stages. The first stage
was the analysis stage, conducted by analyzing the learning obstacle of students in solv-
ing the problem of the rules of enumeration. The second is the design stage, prepared
using the theory of didactical situations [5]. First, the module is compiled in pdf format
using the graphic design application www.canva.com. Some didactic situations were
given in writing tasks, learning activities, and videos collected with the videoScribe
application. In addition to being compiled, the digital module is also structured based
on 5 DDD components (learning objectives, learning activities, process-based assess-
ment, social relations, and technology integration). After the module's content has been
created, the entire DDD in digital teaching materials is presented using the Flip PDF
Corporation application.

The third stage is the Development stage by conducting a digital module feasibility
test. Furthermore, the feasibility test of the digital module is seen from the validity and
practicality tests. Vocational high school mathematics teachers and Education Lectur-
ers carried out the validity test. At the same time, teachers and students conducted the
practicality test.

3.2 Participant

A test was administered to 26 grade 12 students from a vocational high school who
had studied combination material to determine students’ learning obstacles in solving
combinatorics problems. As expert validators, the help of four mathematics teachers
with master’s degrees was enlisted from a state vocational high school in Cirebon City
and two mathematics education lecturers with doctorates. Additionally, five students
were included in grade 12 of a vocational high school in Cirebon City to test the prac-
ticality of the compiled digital module. All ethical procedures were observed for the
entire duration of the study. A letter of permission was requested from the Director of
a Vocational High School in Cirebon City to observe student learning obstacles, con-
duct discussions with teachers, implement digital modules and gather experiences about
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their use. The participants believe that all data collected is confidential and used only
for research purposes. In this study, the names of the validators and research respond-
ents were disguised.

33 Research instrument

In collecting data and instruments, several ways were used to design a module digi-

tal, as follows:

1.

At the analysis stage, the instruments used include essay tests, learning documenta-
tion in the form of teaching materials used by teachers and student notes, and inter-
view guidelines. An essay test was conducted to identify students’ learning obstacles
in solving enumeration problems. The essay test consists of five questions that are
thought to be valid and reliable. Documentation studies were conducted to observe
the teaching materials used by the teacher and the notes held by the students. The
studies analyzed learning obstacles related to the design of teaching materials. Inter-
view guidelines were prepared to determine the types of student learning obstacles
in solving the enumeration problems described in Table 1.

Table 1. Student learning obstacle analysis interview guide

No Component Questions

Do you know that studying permutations and combinations has many prac-
tical applications?

Ontogonic Obstacle ; - -
What do you do when you find a difficult problem in an assignment related

to the rules of fractionation?

Do you understand the material on enumeration rules?

How are learning activities based on enumeration rules material imple-
mented?

Didactical Obstacle |What learning resources does the teacher use when teaching the material on
enumeration rules?

Which part of the material for counting rules (permutations and combina-
tions) is the most difficult to understand?

What challenges did you face while working on the given questions?

Epistemological

Have the questions that you worked on been introduced in class?
Obstacle

Which question is the most difficult? Why do you find it difficult?

2. At the development stage, the instruments used to test the feasibility of the digital

module were given in the form of validation and practicality questionnaires. Mean-
while, the module validation questionnaire consists of learning media and pedagogy
aspects. The questionnaire assessment uses a 4-1 Likert scale to determine its quality
[54]. Table 2 describes the indicator of media and material expert judgment.
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Table 2. Indicator of media and pedagogy expert judgement [23]

No Aspect Indicator

Digital Module Component

Typography of Contents

1 Learning Media - -
Textual and Visual Media Elements

Interactivity

Material Content

2 Pedagogy Didactic situation in module

User Interest

The digital module practicality test is based on the following indicators (1) The clar-
ity of each component in the Digital Module, (2) The accuracy of media and features
in the digital module, (3) The suitability of the instructions, materials and examples and
practice questions presented in the digital module, (4) Clarity of instructions for use,
display buttons, and links in digital modules, (5) Matching letters and colours in digital
modules, (6) Ease of using digital modules.

3.4  Data analysis

The qualitative data analyzed students’ learning obstacles through tests, documen-
tation studies, and interview guidelines. The following stages of qualitative data analy-
sis were completed (1) processing and preparing the data for the analysis stage, (2)
recapitulating test results, writing interview transcripts, (3) identifying learning obsta-
cle based on test results and interviews. (4) designing a digital module related to student
learning obstacles in solving combination material.

Quantitative data is obtained through validation sheets and practical judgment. The
analysis is conducted using descriptive statistics. Table 3 contains the average scores
given by learning media validators, pedagogy and practical validators, scores from the
Likert scale, and validity/practical categories of the digital module.

Table 3. Likert scale for assessment[55]

Average score (X) to the given Related Score Category (Alternative Answers)
category
X >421 5 Very Valid/Very Good
340 <X <421 4 Valid/Good
2,60 < X <340 3 Acceptable
1.79 <X <2.60 2 Less valid/Poor
X <179 1 Invalid/Very Poor
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4 Results and discussion

4.1  Analyze student learning obstacles

The first stage in designing a digital module on combination materials is to analyze
learning obstacles. They are the result of the analysis, including the textbooks the
teacher used and the notes the students held to discover the didactical obstacle. Further-
more, interviews were conducted to determine the ontogenic obstacle to students' learn-
ing readiness, especially on the material of the counting rules. Epistemological obstacle
analysis analyses the student's answers sheet and confirms them through interviews.
The detailed analysis is described in the summary of the student’s learning obstacles in
solving combination problems in Table 4.

Table 4. Summary of student learning obstacle analysis

]E)elf‘sl;l;lc[;eg Summary of Learning Obstacle
Ontogenic Students are unaware of the combination concept and its application in everyday life.
Obstacle They would directly ask a friend or copy their work when presented with difficult tasks.

* Students admitted that they did not understand the material on enumeration rules. This
is because learning is not carried out optimally, and no feedback is provided when stu-
dents have completed the assigned task. Furthermore, they only learn from learning
resources provided/sent by the teacher. Students will be happier when the teacher ex-
plains directly, either online or offline, after providing material for study.

Didactical . Sfcu(%ents explain that they learn in Google Classroom, and the teacher provides mate-
Obstacle rial in the form of PPT slides and Word documents. The students were asked to an-

swer practice questions on paper and upload assignments to Google Classroom.

» Based on the teaching materials and student notebooks, the teacher immediately intro-
duced the examples and did not explain further the conditions for using the concepts
of permutations and combinations. The most challenging part of the material on
counting rules is determining the formula when the problem is combined between per-
mutations and combinations.

* Students struggle to solve problems that differ from the examples provided by the
teacher.

 Students cannot differentiate the conditions of permutations or combinations given in

Epistemological | the problem.

Obstacle  Students can calculate each possibility but struggle to complete the final part of the
problem involving multiplication and addition rules when there are two conditions.

+ Students have not been able to determine all possible outcomes.

+ Students are not permitted to re-explain the conditions stated in the questions.

After completing the learning obstacle analysis, a Hypothetical Didactical Design
was created, which is a didactic situation design based on the newly discovered learning
obstacles. According to DDD theory, this didactic situation is part of learning activities
also presented using technology integration. Table 5 provides examples of learning ob-
stacle analysis and didactic design outcomes in digital module presentations and di-
dactic anticipation.
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Table 5. Example of hypothetical didactical design

Learning
Obstacle

Digital Didactic Situation

Response
Prediction

Pedagogical
Didactical
Anticipation

« Students do not know
and realize the benefits
of using combinations
in everyday life.

* The combination ma-
terial is explained by
introducing the for-
mula and followed by
examples.

Students are given a video
containing motivation re-
garding applying the con-
cept of counting rules, such
as permutations and combi-
nations, in everyday life.
They are shown a video
about the different combina-
tions and their application in
everyday life. These consist
of several ways to determine
the combination of clothes
and pants that can be worn.

Expected response:
Students know and real-
ize the benefits of using
combinations in everyday
life

« They learn engaging il-
lustrations and are not
immediately introduced
to formulas.

* The provided answers
can be checked through a
pop-up image from a dig-
ital book

« The teacher asks stu-
dents to explain what
they understand from the
video.

* The teacher guides stu-
dents by asking what is
known about the prob-
lems.

« alternative ways to
solve the problem are
then provided.

4.2

Design Digital Didactical Design (DDD)

The following research stage was to create a digital module design using DDD com-
ponents and the theory of the didactical situation. DDD has five components, namely
learning objectives, activities that include the theory of didactical situation, process-
based assessment, social relations, and technology integration. The first component was
learning objectives and expected learning. This section is presented in a cover, instruc-
tions for using the module, and learning objective in digital modules as described in
Figure 1, Figure 2 and Figure 3.

tang Herman, M.Ed
Dr. Bambang Avip PM,

Fig. 1. Cover digital
module

i
Instructions for using the module

This module is a digital module which is amanged based on a
didactic situation. Thus, leaming begins with sohing everyday

this module
can be connected in videos, images, interactive practice questions,
worksheet download links, online worksheet links (live worksheets),
practice questions links and work resuits pload links. The following
are some of the components in the module to make it easier for
readers to use this module.

Fig. 2. Digital module user

manual

. g 2
LEARNIG OBJECTIVE

Learning Objective

Through discussion _activities in group learning,
students increase self-confidence and responsibility
and can properly
1.Analyze problem-solving regzrding permutations of
different elements.
2.Analyze problem-solving regerding permutations of
the same elements.
3.Analyze  problem-solving
permutations,
4.Analyze problem-solving regarding combinations.
5. Apply problem-solving related to the permutation of
different elements.
6.Applying problem-solving related to permutations
of the same elements.
7.Applying  problem-solving related to  cyclic
permutations,
8.Implement
combinations.

regarding ~ cyclic

problem-solving related  to

Fig. 3. Learning objective

The material’s cover, the author’s identity, and the class groups of the module users
comprise the digital module. The user manual explains the menu options students can
access and the components of learning activities. Furthermore, learning objectives are
developed based on basic competency descriptions and indicators of competency

achievement.
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The second component of DDD is learning activities. Learning activities in this dig-
ital module are organized around the theory of didactical situation, which consists of
conducting experiments, generalizing, concluding, and practicing, as seen in Figures 4,
5,6,and 7.

Students learning activities in conducting color mixing experiments are depicted in
Figure 4. This experimental activity allows students to engage in conversations with
their peers. Furthermore, students are expected to conclude that the rules are ignored
when mixing colors. The result will be the same regardless of the order in which the
colors are drawn when there are three to be mixed.

B. COMBINATION | K D

'RV Notation of Combination j

) Experiment (Action Situation) ’\v’;-; v Experiment (Action Situation)

L Lj— .
Instructions for activity: A paint company wants to market a new
Cﬂl?f variant flom a mixture of red, blue and yellow paint. In this 1.Take the color paint with a pipette of 0.2 ml each, make sure
i, help he company fnd the new color t wants. Do a color T Br ol dt o oot f 02
mixing experiment according to the tools, materials and 2 into a glass th
expaimentalctiles tha hove been detemine. This actiiy s e e by e o B e e it e
caried out in groups of 2:3 people. Prepare the tools and 5Pl the following abl 50 tha te selected color sequence
materials needed, conduct experiments and fillin the table and does not i and make sure al

discuss the conclusions you find. To make it easier to fill in the
i i ?
table, you can fil n directly on the available live worksheet. wao | nioom | woom | Waeieoreeis |

Tools & Materials. Red Yellow Blue

+ Watercolorin red,yellow and blue,
+ 6 glasses containing 150 mi of water,
« 3 pipettes,
+ spoon, and
+ Stationary.

e

e

|

]

!
1

Fig. 4. Learning Activities in conduct experiment (action situation)

Students are instructed to find a combination formula by calculating the permuta-
tions of mixing two colors from the three available (Figure 5). The results of mixing
the two colors remained the same even when the order mixed first varied.

20 21
Wi, Files W, Files
Generalization (Formulation Situation) Generalization (Formulation Situation)

Based on the problem given earlier, what if we have 3
(red, yellow, and blue) paint colors available, and want
to mix only 2 colors to get a new color? Pay attention to
the explanation and complete the following points!

So that new color mixtures that have appeared do not appear
again, the way to determine the number of ways to mix 2
colors out of the 3 available colors is to divide all possible
permutations by the number of possible choices that will

Instructions: To make it easier to fill in the blanks, you podicebesan=cooniottcanbeitsnasicions)

can download this file at the link provided at the top of

the page.
P

PGl
The number of ways to choose 2 colors. 3 .
from the 3 available colors is the same [ kel

Previous experiments showed that if we choose several colors to
mix, then even if we choose a different color order, it will produce
the same new color.

So that it can be confirmed that there is a way to choose a mixture
of 2 colors will produce a different color. This equation can be

Therefore, the number of ways to simplified to:
choose 2 colors from 2 existing colors [ SNSSERNENN P N

to produce a mixture of the same color  EENGEEINT] = -
is as much Pi ot (=)t

Fig. 5. Learning activity in generalize (formulation situation)
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In conclusion, the combination formula is obtained from the permutation formula
divided by the permutations of the same color mixture (Figure 6). The teacher helps
students find general forms and simplify combination formulas at this stage. The
teacher confirms based on the findings obtained. After determining the general formula
for the combination, the teacher assigned the students to practice questions in essays
(Figure 7). Students are given practice questions to ensure they have mastered the given
combination material and can apply the combination concept in different contexts.

21

Downioad @

aw a conclusion (Validation Situation)

is problem is known as a combination. Combinations
used o calculate the number of possibilities for an
regardiess of the order of the samples. Based on the

for a combination of r

sosg

cs. ¢
cg®
Fig. 6. Learning activity in draw conclu- Fig. 7. Learning activity in doing exercise
sions (validation situations) (institutionalization situations)

The third component of DDD is process-based assessment. The teacher assesses dur-
ing and at the end of the lesson. The teacher observes students’ problems with the hy-
pothetical didactic design while using digital modules to assess their progress. In addi-
tion to evaluating abilities to master the material, teachers also assess skills in using
digital modules. Process-based assessment is seen and presented in essay form in the
evaluation section. Therefore, the teacher can see the students’ difficulties when an er-
ror occurs, and the exercise section is displayed in Figure 7.

The fourth component of DDD is Social Relations. Social relations in the digital
module that is collected is that the teacher allows interaction between students and stu-
dents or students and teachers during learning. The social relations between people in
discussions to resolve a didactic situation are given in the digital module, as shown in
Figure 4. Experimental activities carried out in groups allow for social interaction be-
tween teachers with students and teachers with modules. The teacher’s role in the dis-
cussion is as a facilitator who confirms the truth of the knowledge that students have
achieved or helps in the form of stimulus questions to students. The assistance provided
by the teacher is known as pedagogical didactical anticipation, arranged in a hypothet-
ical didactical design.

The fifth component in DDD is technology integration. Technology integration has
been reflected since the beginning of digital modules. Before beginning to study the
combination material, an interactive quiz was created to assess students’ comprehen-
sion of the previous material (Figure 8). Furthermore, a video that contains a review of
the material was created for students to recall it by watching the video (Figure 9) and a
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discussion of sample questions compiled using Video Scribe application. The presen-
tation of technology integration in digital modules is described in the following pic-
tures.

Prerequisite test material

o
Enumeration Rules

> ; 2 The Addition

s Rule,

Multiplication

Rule and

Factorials

Fig. 8. Interactive quiz Fig. 9. Review material video

4.3 Development of Digital Didactical Design (DDD)

After the digital module design based on DDD theory has been compiled, three
stages of validity are carried out to determine its feasibility. These include the validity
of the learning media and pedagogy and practical judgement. The validator of these
digital module consists of a doctor of mathematics education as a lecturer and a master
of mathematics education as a mathematics teacher. The results of the six validators on
the combined digital module are as follows.

Table 6 shows the average media expert validation score of the six validators on the
overall combination of the digital module, which is 4.82, including in the very valid
categories. Therefore, the media aspect was properly designed, including the digital
module component, typography of contents, textual and visual media elements, and
interactivity. This aspect is essential to design because it relates to student motivation
properly. Technology content in a well-organized digital module can raise students’
motivation and interest in mathematics, especially in learning combination material.
Designing a digital module motivated them to learn mathematics [56].

Table 6. The validation of expert judgement

Media Expert Pedagogy Expert
Validator

Average Score Categories Average Score Categories
Validator 1 4.94 Very Valid 4.85 Very Valid
Validator 2 4.94 Very Valid 4.92 Very Valid
Validator 3 4.94 Very Valid 4.92 Very Valid
Validator 4 4.82 Very Valid 4.92 Very Valid
Validator 5 4.41 Very Valid 4.15 Valid
Validator 6 4.88 Very Valid 4.85 Very Valid
Average 4.82 Very Valid 4.77 Very Valid
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The average score of pedagogy experts shows that the digital module compiled is
very valid. All the pedagogy aspects, including material content, the didactic situation
in the module, and user interest, are deemed appropriate by the validator. Subsequently,
a practical test was conducted on 2 mathematics teachers and 5 vocational high school
students who had studied the combination material. The results of the practicality test
can be seen in Table 7.

Table 7. Practicality judgement

Responded Average Score Categories
Teacher 1 4.86 Very Good
Teacher 2 4.95 Very Good
Student 1 4.82 Very Good
Student 2 4.36 Very Good
Student 3 4.95 Very Good
Student 4 4.77 Very Good
Student 5 4.68 Very Good
Average 4.77 Very Good

Practicality testing shows an average value of 4.77 in the very good category. All
respondents agreed that the digital module, created using the DDD component and
learning obstacles, was extremely practical. Based on the validity and practicality tests,
which have very valid and very good categories, the digital modules compiled are suit-
able for teaching combination materials for vocational high school students.

4.4 Discussion

The first research stage was to analyze students’ learning obstacles in solving com-
bination problems. The analysis and classification were based on tests, interviews, and
documentation studies using teacher teaching materials and student notes. The results
of the learning obstacle analysis are in line with the results of previous studies. It was
stated that difficulties arise due to several errors, such as confusion about the use of
permutations [3], [8], [14], students solving the combination problem by using the per-
mutation problem [15], misinterpretation of the question, creation of solutions using
incorrect arithmetic operations, an incorrect formula used, and inability to remember
the meaning of values for parameters in combinatorics formula [14], and problems with
the meaning of these concepts [34]. In general, students still experience learning obsta-
cles in solving combination problems, hence the digital module design can be an effort
to minimize the learning obstacle.

The next step is to design a digital module compiled using the PDF Flip Corporation
application. This application consists of features such as interactive quizzes, videos,
hyperlinks related to living worksheets, practice question links, and assignment collec-
tion. Furthermore, the tools for visualizing mathematical concepts on the web and in
the form of apps that can teach mathematics are available in various search engines
[57]. Before using digital modules, the instructions need to be studied by students.
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Interactive quizzes were given at the beginning of learning to determine students’
understanding of the previous material. The Interactive Questions were raised to obtain
answers and get a right or wrong response. The feedback was more effective than other
activities in engaging students to improve their results [58]. Additionally, interactive
elements such as quizzes and videos help students improve performance and media
richness theory [59]. A video review of the material is given when students do not
understand the material in the previous discussion on additional rules, multiplication
rules, filling slots, and permutations. Students who score less than 60% on the
preliminary knowledge test can review the material presented in the video. Electronic
modules allow the development of teaching materials by attaching videos presented
concisely and efficiently for students to understand [34].

Some of these features support students in assessing the practicality of the digital
module in the very good category. These findings are consistent with previous research,
obtaining that using interactive mobile mathematics applications with visuals supports
mathematics learning [21]. The use of digital modules in learning provides many ad-
vantages, including free content for use [34].

The feasibility of the digital module is assessed by the value of the validity of learn-
ing media and pedagogy by six media and material experts and the practicality judg-
ment by five vocational students. The module should be appropriately arranged for easy
understanding [55]. A feasible digital module can interact between teachers and stu-
dents in the learning process [23]. Learning media validation sheets consist of digital
module components, the typography of contents, textual and visual media elements,
and interactivity. The learning media is categorized as “Very Valid” by obtaining an
average score of 4.82 out of 5. Feasibility judgments were also found in compiling
android-based e-textbooks [59]. Meanwhile, the use of technology in mathematics
learning combined with appropriate software makes a significant contribution to stu-
dent engagement with mathematics by embedding the subject in authentic contexts
[14], [18], [40], [60]. Adaptive learning with new technology can help learners to get
closer to their desires, needs, and methods [61].

5 Conclusion

The use of technology, specifically digital modules, is required to assist students in
learning mathematics. This research aims to develop a digital module based on voca-
tional students’ learning obstacles and produce a feasible module for learning combi-
nations. The learning media and pedagogy experts’ judgment found that the digital
module obtained in the “very valid” category. These results indicate that the digital
module developed has good conditions, typography of contents, textual and visual ele-
ments, interactivity, material content, didactical situation, and user interest. The practi-
cality test result indicates that the digital module was in the “very good” category with
mean 4. 77 of 5.

The modules offered in digital form make it easier to input several learning re-
sources, such as videos, illustrated images, and well-documented practice questions.
Additionally, this research contributes to reducing the learning obstacle of vocational
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high school students in solving combination problems. Further analysis can be con-
ducted by implementing this digital module for students with similar learning obstacles.

In the future, the study’s limitations should be considerably addressed. The digital
module was only given to small classes of five students during implementation. There-
fore, additional research can be conducted on many students, and learning activities
using digital modules can be observed. The study was limited to secondary vocational
education and applied to students with similar learning obstacles.
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