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Abstract. Traditional learning materials are dominating the pattern of lectures at science
teaching and learning. This strategy is not optimal to empower slow learners. This research
aims to develop and validate digital scrapbooks based on the universal design for learning
(UDL). This is a research and development (R & D) using the 4-D model by Thiagarajan. The
data collection and analysis method used in the early stage was the questionnaire method to
obtain expert validation data. All data were analyzed descriptively. Furthermore, the data were
gathered using the documentation method to obtain videos, images, and sounds as well as
questionnaires to obtain expert assessments of science teaching materials contained in the
UDL-based science digital scrapbooking. This article reports the development and validation
of the UDL-based science digital scrapbook. The research results showed that this teaching
media is valid.

1. Introduction

Semarang City has organized inclusive education starting in the 2018-2019 school year [1]. However,
one of the identified obstacles is the absence of a special guidebook or module for disabled students
and learning tools for inclusive schools [2]. It is one of the reasons for students with special needs to
get less content in learning biology, chemistry, and physics [3]. As a result, 45% of students with
special needs in science class do not understand the concepts being learned. The slow learner is one
type of disability that many people face [4] in Semarang, amounting to 55 out of 73 students with
special needs. They do not fond of reading long sentences, yet are easier to understand pictures and
simple instructions [5]. Therefore, slow learners need curriculum modification [4], in this case,
teaching materials that contain interesting, lucid pictures and simple language [6].

The required characteristics can be found in science digital scrapbooks which contain videos,
photos, and audio of science concepts as well as narrative chapters discussed in visual images.
According to [7] and [8] complex information presented in a visual form is easier to understand.
Learning science in inclusive schools requires universal design for learning principles as there are
regular and special needs students in these schools. So far, there has been no digital science scrapbook
with the principles of Universal Design for Learning (UDL) that is used for children with special
needs. For that reason, this study aims to determine the feasibility of a UDL-based digital scrapbook
science.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



ICMSE 2020 IOP Publishing
Journal of Physics: Conference Series 1918(2021) 052090  doi:10.1088/1742-6596/1918/5/052090

2. Methods

This developmental study adopted the 4-D (four-D Model) by Thiagarajan. The model includes four
stages, namely definition, design, development, and dissemination. During the first stage, definition,
curriculum analysis, student analysis, basic competency analysis, concept analysis, and learning
objective determination were carried out. The second stage is the design phase which aims to create a
media product in the form of a digital science scrapbook based on the universal design for learning.
The result at the design stage was referred to as draft I. In addition to learning media, it also prepared
validation tools for experts including material experts and media experts. Further, the third stage,
development, aims to find out and evaluate the product through validation tests by the experts.

During the validation process in the development stage, the experts filled out the validation sheet
and provided suggestions and criticisms for draft I. Suggestions and criticisms proposed by the
validators were taken into account to improve the developed learning media prior to the trial. The
revised version was called draft II. The validation result data were analyzed using quantitative
descriptive analysis by calculating the average score given by the validators. The validation instrument
of the UDL-based Science Digital Scrapbook was in the form of a Likert scale. It covered the aspects
of assessment for material and media experts. The assessment scores obtained were then analyzed
using the following formula:

P=Lx100%
n

Information :
P : The percentage of obtained score
f : The total score
n : Maximum score
The highest score (%) = 2ot 5 1009 = =~ x 100% = 100%
maximum score 4x14

The lowest score (%) = oot S0 y 1009 = = = x 100% = 25%

maximum score 4x14
Class interval (%) _ % the highest score4— % the lowest score x 100% = 100%—25% x 100% = 18,75%

The percentage score results were then converted into the validation assessment criteria as in the
following Table 1 [9] :
Table 1. Validation Assessment Criteria

Percentage Criteria
81,25% < score< 100% Highly Valid
62,50% < score< 81,25% Valid
43,75% < score< 62,50% Fairly Valid
25,00% < score< 43,75% Less Valid

Based on Table 1, the UDL-based Science Digital Scrapbook is declared valid if the percentage
obtained is > 62.50%.

3. Results and Discussion

3.1. The Validation Results by Material and Media Experts

The validity of the UDL-based Science Digital Scrapbook was determined based on the media
validation results. There were three media experts and three material experts serving as the validators
in this study. They are lecturers of Integrated Science, Faculty of Mathematics and Natural Sciences,
Universitas Negeri Semarang, and science teachers who teach in an inclusive school. The validation
results are presented in Table 2 and Table 3 as follows:
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Table 2. The Validation Result Percentage of UDL-based Science Digital Scrapbook

by the Media Experts

No Media Affiliation Percentage (%) Criteria
Expert

1 AM-1 Lecturer of Integrated Science, Faculty of 85,42 Highly valid

Mathematics and Natural Sciences,
Universitas Negeri Semarang
2 AM-2 Lecturer of Integrated Science, Faculty of 93,75 Highly valid
Mathematics and Natural Sciences,
Universitas Negeri Semarang
3 AM-3 Science teacher of an inclusive school 89,58 Highly valid
Average 89,58 Highly valid

Table 3. The Validation Result Percentage of UDL-based Science Digital Scrapbook by

the Material Experts

No Media Affiliation Percentage (%) Criteria
Expert

1 AM-1 Lecturer of Integrated Science, Faculty of 95,00 Highly valid

Mathematics and Natural Sciences,
Universitas Negeri Semarang
2 AM-2 Lecturer of Integrated Science, Faculty of 95,00 Highly valid
Mathematics and Natural Sciences,
Universitas Negeri Semarang
3 AM-3 Science teacher of an inclusive school 92,50 Highly valid
Average 94,17 Highly valid

Based on the validation results by media experts as displayed in Table 2, the validators scored
85.42%, 93.75%, and 89.58%. From there, the UDL-based Science Digital Scrapbook fell into the
‘highly valid’ category. Furthermore, each material expert scored 95.00%, 95.00%, and 92.50%, thus,
the materials of UDL-based Science Digital Scrapbook were classified as ‘highly valid’. Based on the
expert assessment, the media is suitable for use in learning activities. Nevertheless, although it is
highly valid, the experts suggested that the researchers provide clearer image/photo captions to assist
students' understanding. Besides, a change of font type and size might be needed to make it easier for
students to grasp information.

3.2. The Specification of UDL-Based Science Digital Scrapbook

The developed product, UDL-based science digital scrapbook, is adapted to the 2013 curriculum for
junior high school. This product profile is in the form of a Scrapbook which emphasizes the
appearance of images and is occupied by sufficient descriptions and notes as seen in Figure 1. The
scrapbook does not only help students during the learning process, it can also be used by them to learn
independently. The scrapbook that the researchers compiled includes a table of contents, indicators,
materials that have been coherently arranged, pictures with explanations to make it easier for students,
and last but not least, discussion sheets objecting to making students further develop the knowledge
they have acquired after studying the materials presented in the scrapbook. In addition, the scrapbook
learning media is also equipped with a manual, separated from the main part, that guides the students
to use and maintain it [10]. This scrapbook was made using color schemes and images, hence, make it
more effective for the readers in understanding the provided information [11]. Moreover, this
scrapbook is arranged digitally, thus, the users are free to re-study the materials as it can be accessed
anywhere. The digital scrapbook is a platform connected to a computer network, which can be made
digitally, updated, stored, and shared [12] online via smartphones or other devices that can be used to
explore the digital world [13] and connected to Google Drive facility. Therefore, the students are able
to re-learn it without beating about the bush at anytime and anywhere.
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" Setiap molekul karbohidrat terbuat dari karbon, hidrogen, dan oksigen

4 Karbohidrat adalab sumber vtama energi bagi tubuh karena paling mudah
diolah aleh tubuh untuk menjadi energl

& Satg &

% Contoh makanan gang mengandung karbohidrat diantaranga nasi, kentang, : : L)
tepung-tepungan, roti dil. | | \

" Lalu bagaimana cara kita mengujf svatu makanan
mengandung karabohidrat?

Figure 1. One of the Displays of Figure 2. One of the videos
i UDL-Based  Science  Digital i ! contained in UDL-Based Science !
i Scrapbook i1 Digital Scrapbook '

The development of the UDL-Based Science Digital Scrapbook is adjusted to the Basic
Competencies of the 2013 Curriculum, which includes cognitive (KD 3.5) and psychomotor (KD 4.5).
The established Science Digital Scrapbook is interactive digital teaching materials discussing the
Digestive System topic for class VIII, odd semester. One peculiar characteristic of this media is the
integration of Universal Design for Learning concepts which devotes learning for all profiles of
students in an inclusive class by following 3 principles, namely representation, action and expression,
and involvement [14].

The principle of representation refers to the design of teaching materials that make content
accessible to students with a variety of backgrounds, perceptions, and characters. The UDL-Based
Science Digital Scrapbook features images, audio and video, simple experiments, diagrams, and
simple sentences. These are all available in digital form as in Figure 1 and Figure 2. This is in
accordance with research adopting the principles of representation in UDL done by [14], [3], and [15]
that employed videos, audios, symbols, video games, and printed-based texts. The results of the study
indicated that the students found it easier to understand, access the materials, and can solve problems
from the materials taught by the teacher. The student understanding of the materials was shown by an
increase in the pre-test to post-test scores. The means of representation in the form of short videos with
a duration of 30 to 90 seconds have supported students to be motivated in learning [16].

Action and Expression. This principle can be defined as an alternative method for students to
communicate or show what they have learned. It includes guidelines for several means of physical
action, expression, and communication as well as problem-solving functions that allow students to
discover new concepts they did not know before [17]. Research by [3] and [15] explained the use of
action and expression principles in the UDL-based learning design. During the classroom learning
process, the teacher must compile teaching materials so that students also take action in solving the
problems being studied. They are also allowed to carry out the learning procedure. For example, in
learning to identify the nutritional content of foodstuffs, students learn indirectly study the materials
by testing food ingredients in their home with a simple practicum. Slow learners are interested in
videos containing practicum procedures since they usually find the written procedures which they
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dislike. The outtakes showed the process of action and expression carried out resulted in students’
better understanding of the learning.

The principle of involvement in the UDL-based Science Digital Scrapbook is seen from the media
capability in providing instruction to students to perform a particular activity related to the materials
being studied [18]. The activity includes simple practicums they could carry out at home, which makes
it more interesting for them to complete. This kind of assignment lets the students to actively involve
in the learning process such as writing, reading, and discussing [19]. Activities done in groups are
equipped with discussion items so that learners cooperate with their respective teammates to complete
the task. As in [3], these items are able to illustrate involvement in the UDL. In the established media,
students are asked to calculate the molar mass available in the Mole Student Workbook (MSW). This
principle enables students to lively participate in the learning process to enhance their comprehension
of the materials.

4. Conclusion

The UDL-based Science Digital Scrapbook is feasible to use as a learning media, mainly for slow
learners. Further, this media will be applied in inclusive schools' science learning to reveal its
effectiveness.
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