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ABSTRACT

Various blended learning models have been developed, but none of them have focused on support
systems to improve the digital literacy of preservice teachers. This study aims to produce a prototype of
a blended learning support system that can improve the digital literacy of preservice teachers. This type
of research is research and development using a 4D model. This research was conducted at Universitas
Negeri Padang and started with a needs analysis of 168 students to develop a blended learning prototype.
The prototype was tested on six experts, six lecturers, and six students in the limited test and 50 students
at the dissemination stage. The data collection instrument used observation and questionnaires. The data
were analyzed using descriptive statistical analysis. The results show that the validity of the blended
learning support system to improve the digital literacy of preservice teachers was in the very valid category.
All indicators from the experts were higher than indicators from the lecturers. Although each support
system was assessed differently by the experts and the lecturers, overall the digital literacy components in
each support system were declared valid. The results of this study contribute to the development of digital
literacy for preservice teachers by integrating digital literacy skills into a blended learning support system
that includes lesson plans, content, and activities on the LMS as well as digital literacy-based assessments.
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INTRODUCTION

The COVID-19 pandemic has sped up the
application of online learning throughout the world
in educational institutions (Aguilera-Hermida,
2020; Dhawan, 2020; Mishra et al., 2020). When
fully online learning is carried out, students study
at home. During the COVID-19 pandemic, stu-
dents took advantage of online learning. After
the Covid-19 pandemic, or in the new normal era,
learning will be carried out by combining face-
to-face with online learning, which is known
as blended learning. Online and blended learn-
ing models are growing in popularity in higher

education institutions because they seek to support
and facilitate its implementation. The application
of blended learning in universities allows students
to have many experiences related to digital learn-
ing because students can take advantage of tools,
software, and information when studying in a
blended learning environment (Mery & Newhby,
2014). This provides an advantage for students to
study independently and collaboratively by utiliz-
ing technology for learning. On the other hand, if
technology cannot be used wisely in learning, then
this technology and information will be irrelevant
to the student. Thus, digital literacy competence is
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necessary for students to learn.

The basic competencies of digital literacy are
present in every student but need to be improved
upon. Digital literacy is important because there is
a positive relationship between digital literacy and
student achievement (Fairlie et al., 2010; Harris &
Brown, 2009; Lopez Islas, 2013). This ability is
increasingly needed, especially in the implemen-
tation of blended learning, because students must
be technologically literate to succeed at blended
learning (Tang & Chaw, 2016). Moreover, digi-
tal literacy is also a fundamental component in
blended learning settings where the success of the
blended learning environment is determined by the
digital literacy practices of the learners (Tang &
Chaw, 2016).

Digital literacy is important for student-teacher
candidates so they meet their expectations regard-
ing their smart use of technology because students
work in a technology-based educational environ-
ment. Therefore, a high-level pedagogical approach
is needed to be able to prepare prospective teach-
ers by building a blended learning support system
to prepare preservice teachers with digital lit-
eracy skills. Research results on teaching faculty
emphasize the need for digital literacy skills to
be incorporated into the curriculum and courses
(Abbas et al., 2019; Nelson et al., 2011). This effort
is carried out in teacher candidate universities
because university professors play an important
role in the development of the digital literacy of
students who are prospective teachers (Akayoglu
et al., 2020). To meet future industry demands,
universities will need to incorporate these skills in
undergraduate and graduate programs (Becker et
al., 2017) and embed digital literacy in their cur-
ricula (Abbas et al., 2019).

The awareness of digital literacy in preservice
teachers is still relatively low. Students only have
the main/basic skills of digital literacy related to
the use of information and communications tech-
nology (ICT) (Ozdamar-Keskin et al., 2015). The
results of this study indicate that preservice teach-
ers have low digital literacy skills. Furthermore,
the results of observations made by researchers at
Universitas Negeri Padang, Indonesia, show that
70% of students do not understand how to choose
and use information technology in a blended learn-
ing environment. Students also stated that they
were not familiar with the supporting tools in the

learning management system (LMS) and had dif-
ficulty understanding the material presented in it.

Students in higher education need to have digi-
tal literacy competencies, including at universities
that educate the preservice teacher, so they can
thrive in the future and prepare their students to
be digitally literate. Currently, preservice teacher
digital literacy competencies are at a basic level.
This level can be increased to intermediate and
advanced so that preservice teachers understand
the use of digital tools and information to find,
assess, create, and communicate the information
they get (Abbas et al., 2019; Akayoglu et al., 2020).
The spread of digital literacy skills can be done
early by preparing preservice teachers while they
are in college. One of the literacy skills they need
is the ability to utilize information technology to
support online or blended learning.

This online and blended application has limi-
tations in preparing students to acquire digital
literacy. Several relevant studies have been con-
ducted by previous researchers that develop
blended learning content to improve 21st-cen-
tury skills-based on the 4Cs (llyashenko et al.,
2019; Mahande et al., 2021) and increases student
engagement (Dwivedi et al., 2019; Fisher et al.,
2018; Green et al., 2018; Serrano et al., 2019). Other
studies also developed etutorials to improve digi-
tal literacy in universities (McGuinness & Fulton,
2019), digital literacy-based modules (Ikpeze,
2018), and assessment instruments (Covello, 2010).
The research conducted so far has not specifically
used a support system that integrates digital liter-
acy in blended learning. This is needed because in
designing blended learning it is necessary to inte-
grate interconnected support systems (Calderon
et al., 2021). This study uses a support system as
a design for learning that includes content and
activities in the LMS and digital literacy-based
assessments. This support system is a compo-
nent of the learning model that is implemented to
achieve the model’s goals (B Joyce et al., 2015).
The support system developed uses the main LMS
platform, because it has been specifically designed
for learning activities and it supports the integra-
tion of digital literacy in blended learning.

Our study aims to develop a prototype of
a blended learning support system to increase
the digital literacy of prospective teachers. This
research contributes to providing a prototype of
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a complete and comprehensive support system to
prepare preservice teachers to acquire digital lit-
eracy skills that are relevant to the needs of future
teacher candidates.

LITERATURE REVIEW

Blended Learning Preservice Teachers in
Universities

Although there are data on teacher readiness to
use ICT, teachers in the field still need ICT integra-
tion training in the classroom (Qasem & Nathappa,
2016). In integrating ICT into this class, digital
literacy skills are needed so that the technology
is applied correctly. For universities that become
Education Personnel Education Institutions
(LPTK) teaching preservice teachers, they can
apply blended learning in an effort to improve the
digital literacy skills of preservice teachers. If pre-
paring preservice teachers with only one of the
learning approaches, either face-to-face or fully
online, then only part of the competencies would
be obtained by preservice teachers. For example,
preservice teachers who study with a stand-alone
course increase technology knowledge and technol-
ogy pedagogical knowledge, while those who learn
through technology-infused courses can increase
content knowledge and pedagogical knowledge
(Buss et al., 2015). The recommendation is to apply
blended learning because this learning system
combines the best of face-to-face and the best of
online learning (Bersin, 2004; Rahmi et al., 2021).
The learning that preservice teachers have received
has had a significant impact on their ability to inte-
grate ICT into learning (Aslan & Zhu, 2017).

The implementation of blended learning can-
not be separated from the learning model support
system. This support system is one of the compo-
nents of other learning models that include syntax,
reaction system, social system, and accompani-
ment impact (Joyce et al., 2008, 2015). The blended
learning support system was developed based
on the needs of the learning model. The support
system for implementing the model can be in the
form of a blended learning lesson plan, content
in the LMS, blended learning activities, and an
assessment system that can be used as an instruc-
tion guide in the application of the learning model
(Kirschner et al., 2006). Guidance is needed to
support the application of the model, like using
a support system for inquiry-based instruction,

(Vorholzer & von Aufschnaiter, 2019). Learning
models that develop digital literacy need to be built
from a support system based on digital literacy in
the form of tools and teaching content that encour-
ages digital literacy skills for preservice teachers in
a blended learning environment.

Digital Literacy

The urgency of digital literacy for preservice
teachers is that it is a skill that is needed through-
out life (Alexander et al., 2017). As long as digital
information and technology develop, digital liter-
acy skills will be in demand. These skills are the
interest, attitude, and ability of individuals to use
digital technology and communication tools appro-
priately to access, manage, integrate, analyze, and
evaluate information, to construct new knowledge,
and to create and communicate with others using
intellectual and technical talents. Digital literacy
skills lead someone to search, manage, evaluate,
and integrate digital information well (Greene et
al., 2014).

Digital literacy skills empower students to per-
form basic tasks such as understanding hardware,
software, and the basic online operations needed
to adapt to society (Abbas et al., 2019). These basic
online operational skills include the ability to man-
age email, conduct searches, and fill out online
forms. Hardware-related skills, such as how to use
the keyboard and operate touch technology, also
include the ability to process cities, how to process
files on a laptop, and how to manage privacy set-
tings on a cellphone.

These skills improve the quality of people’s
lives, provide opportunities to interact with oth-
ers, and allow access to government services.
Digital literacy skills make it possible for every-
one to use technology in an appropriate and useful
way and include the ability to evaluate technology
critically when finding and providing information.
Therefore, in the future more digital literacy skills
will be needed, including in the teaching profes-
sion. Preservice teachers need to be prepared with
digital literacy skills through a system that has
been designed with blended learning. The subdisci-
plines of digital literacy skills include information
literacy, computer literacy, media literacy, com-
munication literacy, visual literacy, and technology
literacy (Covello, 2010).

Information literacy is the skill of finding
sources, analyzing and synthesizing materials,
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evaluating the credibility of sources, ethically and
legally using and citing sources, and focusing on
topics and formulating research questions accu-
rately, effectively, and efficiently (Walsh, 2015).
This includes knowing when and why we need
information, where to find it, and how to evaluate,
use, and communicate it ethically.

Computer literacy is the ability to understand
how to use computers and application software for
practical purposes (Martin & Grudziecki, 2006).
Today’s students need a higher level of computer
literacy to succeed in school and the future, which
means preservice teachers need to be prepared with
adequate digital literacy skills to teach students
(Makhmudov et al., 2020). This ability contrib-
utes to computer optimization in learning so that
learning becomes more interesting and challenging
(Tumburku et al., 2019).

Media literacy is a communication compe-
tency that includes the ability to access, analyze,
evaluate, and communicate information in vari-
ous forms, including print and digital (Martin &
Grudziecki, 2006). This is media that is appropri-
ate to the context and consists of classic and new
media, analog and digital media, and personal,
mass, and social media (Simons et al., 2017).

Communication literacy is the ability to
communicate effectively both individually and col-
laboratively. Digital literacy is often associated with
the ability to read and is related to visual media and
visual literacy. Terms such as media literacy, com-
puter literacy, or reading literacy are sometimes
used for communication literacy. Without the abil-
ity to read, one cannot communicate with others
through text, and without visual literacy, messages
cannot be understood. Communication literacy is
more general than just this special ability (Ghasemi
& Rasekh, 2020).

Visual literacy is the ability to read, interpret,
and understand the information presented in pic-
torial or graphic images. This includes the ability
to convert any type of information into images,
graphics, or forms that help communicate infor-
mation. Visual literacy is a group of competencies
that enable humans to distinguish and interpret vis-
ible, natural, or constructed actions, objects, and/
or symbols that they encounter in the environment
(Hattwig et al., 2013; Stokes, 2002)

Technological literacy is the ability to use
computers and other technologies to improve

learning, productivity, and performance (U.S.
Department of Education, 1996). This literacy is
recognized as important by preservice teachers
because it supports creating new things in light
of technological developments (Yigit & Ozturk,
2012). Other teachers have proven that technologi-
cal literacy shows pedagogical elements in learning
to be more authentic (Cydis, 2015).

Digital literacy is difficult to achieve using only
a face-to-face or fully online mode. Digital literacy
competence develops optimally if it is carried out in
a blended learning environment. In addition to the
importance of digital literacy for student survival
in the future, it can also increase the effectiveness
of learning in blended learning environment (Tang
& Chaw, 2016). Digital literacy in blended learning
can be created if it is supported by a system that
focuses on digital literacy. Therefore, we devel-
oped a blended learning support system to improve
digital literacy that starts with a semester learning
design and maps materials, content, and activities
on the LMS based on a digital literacy criteria that
we have defined in this study.

METHODOLOGY

Development Procedure

The research aims to develop and validate a
blended learning support system to improve the
digital literacy skills of preservice teachers. This
research and development follows a 4D model pro-
cedure that comprises of four steps: define, design,
develop, and disseminate (Thiagarajan et al., 1974).
This model was chosen because the procedure is
systematic and begins with a needs analysis at
the defined stage. This model is also relevant for
developing learning products that focus on student-
centered learning (Reigeluth & An, 2020).

Location and Research Subjects

This research was conducted at a preservice
teacher university at Universitas Negeri Padang,
Indonesia. The initial data for development was
taken from various other preservice teacher uni-
versities in Indonesia so that the support system
we developed, based on the needs of the university,
can be disseminated. The subjects of this study
consisted of six experts, six lecturers, and six stu-
dents, followed by 50 students at the dissemination
stage. The data came from a survey conducted on
168 students about the needs of a teacher-producing
institution. Furthermore, the experts and lecturers
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tested the validation of the support system we
developed. The experts involved in this research
were instructional designers and elearning, multi-
media learning, and content experts.

Data Collection Techniques and Instruments

The data collection instrument we used was
observation and questionnaires. Observations were
made to collect data on a needs analysis and the
readiness of campuses, lecturers, and students
to implement blended learning. In addition, the
needs analysis data were also collected by distrib-
uting need analysis instruments. This instrument

consisted of device readiness, learning readiness in
blended learning, and the need for digital literacy
skills. The instrument used was a 5-point Likert
scale ranging from strongly disagree (1), disagree
(2), neutral (3), agree (4), to strongly agree (5). The
content validity test of the instrument was car-
ried out by experts in various disciplines including
learning media, learning evaluations, learning
models, and strategies.

Data Analysis
The data obtained from all stages were ana-
lyzed using descriptive data analysis techniques.

Figure 1. Prototype of Support System to Improve Digital Literacy

Course Identity

Course Description

Learning Outcome

Program Map/sequence of material and activity time
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The data analysis is presented in the form of tables
and pictures from experts, lecturers, students, and
other relevant sources related to the development of
a blended learning support system.

RESULTS

Define Stage

The define stage started by observing the
campus facilities that support the implementa-
tion of blended learning. The campus had an
LMS, internet capacity, trained lecturers, and a
professional technical team. Then we distributed
a questionnaire (Cronbach’s Alpha 0.884 means
the instrument has passed the minimum value
and is reliable to use) to preservice teacher stu-
dents regarding their learning needs in a blended
learning environment (98% of students) and the
readiness of the equipment to support lectures
with a blended learning system (95%). Regarding
digital literacy skills, the average student had a
score of 2.1 from a range of 1-5. This needs anal-
ysis was carried out because not all students were
categorized as digital natives and not all students
have the same digital literacy skills (Alexander et
al., 2017). Based on the results of the needs analy-
sis, the support system design process was then
carried out.

Design Stage

This stage began with conducting a literature
review related to theories relevant to the support
system, blended learning, and digital literacy for
preservice teachers. After that, we identified a sup-
port system for blended learning that needed to be
designed and developed in to instill in preservice
teachers digital literacy. We also identified the fea-
tures on the LMS that can facilitate learning activities
in an effort to improve the digital literacy skills of pre-
service teacher students. Based on this, we designed
a prototype support system to apply blended learning
to improve the digital literacy of preservice teach-
ers. This stage takes an initial prototype of a blended
learning support system to improve the digital liter-
acy of preservice teachers (Figure 1).

This support system was a component of one
model in addition to syntax, reaction principles,
and social systems (Joyce et al., 2015). The model
required a support system, in this case, tools and
teaching content that supports digital literacy skills
for prospective teachers. At this stage, the ini-
tial concept of the support system was designed

according to the needs analysis. The result was a
model support system comprised of lesson plans
and the material presented on the LMS in text,
image, audio, and video formats, as well as learning
achievement assessment instruments and digi-
tal literacy skills improvement achievements. All
components of the support system were designed
and developed based on subdisciplines and the
stages of digital literacy skills. Digital literacy
material was integrated into 14 interactive teaching
materials that were embedded in the institution’s
LMS. All the materials were designed according
to learning scenarios to improve digital literacy
skills. The material variations consisted of text,
images, audio, and video as well as animations.

Develop Stage

At the development stage, the support system
(learning planning, the material presented on the
LMS in text, image, audio, and video formats,
as well as an instrument for assessing learning
achievement and digital literacy skills improve-
ment achievements) was made into a prototype. All
the products were presented in the form of semes-
ter learning plans, LMS content, LMS activities,
and validated assessments. This prototype was val-
idated by experts and lecturers as users.

Based on the results of the expert appraisal,
the validation coefficient of Aiken’s 0.60 meant
that the instrument was valid. Meanwhile, in
the instrument reliability test, the results of
Cronbach’s Alpha 0.971 meant that the instrument
has passed the minimum value and was reliable
to use (Eisingerich & Rubera, 2010). The instru-
ment was validated by experts who assessed the
blended learning support system. Based on their
input and assessment, we revised the instrument
and improved the product. The experts and lectur-
ers conducted further assessments after accessing
the blended learning support system.

In general, the responses of experts and lectur-
ers were very high because the blended learning
support system provided written and virtual feed-
back and communication facilities for listening
and exchanging thoughts, knowledge, and learning
activities to improve the digital literacy skills of
prospective teachers. The following are the results
of the validation carried out by experts and lectur-
ers on the lesson plans, LMS content, activities in
the LMS, and assessments.

The experts conducted validity tests and the
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Table 1. Analysis of the Digital Literacy-based Blended Learning Semester Learning Design Support System

No RPS items rated Experts (n=6) Le::;l:rg)ers
1 RPSincludes activities to find, analyze, synthesize, and evaluate information in blended learning 416 3.83
2 RPS lists activities using computers and software that are relevant to the needs of teachers 46 3.83
3 RPS comprises activities to find, use, and evaluate print and digital mediain blended learning 3.83 3.66
4 RPS contains activities to communicate effectively both

individually and collaboratively in blended learning 3.83 3.50
5 RPS includes reading, understanding, distinguishing, and communicating information
inthe form of images, graphics, symbols, and other objects in blended learning 3.83 3.50
6 RPS involves activities using computers and other technologies to solve
problems/tasks and productively learnin blended learning 3.66 3.16
Average 3.91 3.58

lecturers and students conducted practicality tests.
Table 1 shows the results of the validity test carried
out by the experts on the lesson plan, which are in
the very valid category. Although the value of the
criteria given by experts was different, in general,
the expert’s responses stated that the support sys-
tem is valid. Meanwhile, the results of practicality
trials for lecturers as users were also declared prac-
tical. In conclusion, expert and lecturer responses
were very valid because the blended learning les-
son plan was designed to improve students’ digital
literacy.

Based on Table 1, the digital literacy-based
blended learning lesson plan for student-teacher
candidates was declared valid by the experts and
practical by the lecturers.

Table 2 shows the results of the validity test of
digital literacy-based blended learning content by

experts, which are in the very valid category. The
results of practicality tests conducted by lecturers
and students are also included in the very practi-
cal or good category. In general, the responses of
experts, lecturers, and students were very good
for digital literacy-based blended learning content.
Experts rate it well for all items. Meanwhile, the
lecturers assessed the availability of a variety of
content (item 3), communicative content (item 4),
and content visualization to clarify material on cer-
tain topics (item 5) as high. The content was also
well received by students with the availability of a
content variety and communicative content (items
3 and 4).

Hence, from these results, digital literacy-based
blended learning content for preservice teacher
students was declared valid by experts and practi-
cal by lecturers and students.

Table 2. Analysis of Support Systems for Digital Literacy-based Blended Learning Content

No Content items (text, images, audio, video, links) on the LMS being rated Experts (n=6) Le:’::r‘;()ars St(:ci%r;ts
1 Blended learning content facilitates students to find, 3.83
analyze, synthesize, and evaluate information 4.50 3.1
2 Contentinvarious formatsis accessed using computers and 4.33
software that applies to the needs of teachers 450 3.85
3 Print and digital blended learning content facilitates
finding, using, and evaluating a variety of media 416 4.00 a4
4 Blended learning content encourages students to
communicate with lecturers and other students 4.50 4.00 4.80
5 Visual content can be read, interpreted, understood, distinguished, and communicated 4.33 414 4.80
6 Blended learning content helps students improve 417
learning, productivity, and performance 433 3.1
Average 4.38 3.90 4.36
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Table 3. Analysis of Support Systems for Digital Literacy-based Blended Learning Activities

No Graded blended learning activity items Er:f;; 5 Lecturers (n=6) St(t;:l:%';ts
1 Activities encourage students to find, analyze,
synthesize, evaluate, and convey information 3.83 3.42 4.00
2 Activities urge students to use computers and software
that are relevant to the needs of teachers 3.66 3.28 4.00
3 Activities direct students to use print and digital 4.33
media to find, use, and evaluate these media 3.66 3.28
4 Synchronous (video conference, chat) and asynchronous
(discussion forum) activities for communication/interaction 4.00 3.28 4.00
5 Blended learning activities lead students to “read,”
interpret, and understand visual information 4.00 3.n 417
6 Blended learning activities allow students to use 4,50
computers and other technologies 3.50 3.42
Average 3.1 3.40 417

Table 3 shows the results of the validity test for
activities carried out by experts, which are in the
very valid category. The results of the practicality
tests conducted by lecturers and students are also
in the very practical category. The results of the
validity and practicality tests for this activity were
considered good, especially for items 4 and 5 by
experts, item 5 by lecturers, and, according to stu-
dents, all the activities encouraged them to become
digitally literate.

This means that digital literacy-based blended
learning activities for prospective teacher students
have been declared valid by experts and practical
by lecturers and students.

Table 4 shows the results of the validity and
practicality tests for the digital literacy-based
blended learning assessment. Experts, lectur-
ers, and students rated it a very valid category.
The blended learning assessment was developed
on a case-by-case basis and was integrated into

something that encourages student digital literacy.
An example of a successful strategy was presenting
a case that assists students to search for information
from various printed and digital sources, analyze
information, select the relevant information, and
communicate it. In the series of assessments, the
correctness of the information found by students,
the method used, the media and learning resources,
and choosing what method and how to communi-
cate it were assessed. Assessments that can be
done to improve digital literacy are case based and
project based.

The digital literacy-based blended learning
assessment for preservice teachers was declared
valid by experts and practical by lecturers and
students.

In conclusion, the experts have stated that
the lesson plans, content, activities in LMS, and
blended learning assessments are valid to improve
students’ digital literacy. Meanwhile, the lecturers

Table 4. Analysis of Digital Literacy-based Blended Learning Assessment Support Systems

No Rated assessment items Experts (n=6) Lecturers (n=6) Students (n=6)

1 Items assess students’ information literacy skills 4.00 3.83 3.97

2 [tems evaluate students’ computer literacy skills 433 3.50 3.83

3 Items consider students’ media literacy skills 3.83 3.50 4.00

4 Items value students’ communication literacy skills 4.00 3.83 4.00

5 Items assess students' visual literacy skills 4.00 4.00 4.00

6 Items rate students’ technological literacy skills 450 3.83 3.83
Average an 3.713 3.97
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and students, as users, stated that these are practi-
cal elements for the support system.

Disseminate Stage

The next stage was testing the prototype for a
wide range of users. We distributed the prototype
to 50 students from two elearning development
classes. The test results show that the prototype of a
blended learning support system to improve digital
literacy was practical. The test results were in the
very practical category: Content 4.37, Activities 4.19,
and Assessment 3.9. The distribution of test data on
content, activity, and assessment blended learning to
improve digital literacy can be seen in Figure 2.

Figure 2. The Results of the Trial Deployment of
the Blended Learning Support System

In Figure 2 it can be seen that Content has a
higher practical value than the other components
of the blended support system. For Media lit-
eracy skills, Content, Activity, and Assessment
have almost the same value (4.22, 4.22, and 4.21).
The three components show a difference for
Computer literacy with a difference in the value
of 0.7 between Content and Assessment. All these
components of the six aspects of digital literacy
were declared very practical with values above 3.5.
Hence, this support system was declared valid by
experts and practical by users.

DISCUSSION

Blended learning to improve digital literacy
for students at Education Personnel Education
Institutions is assisted by a support system that
integrates digital literacy elements from learn-
ing planning, LMS content, and activities on the
LMS, to digital literacy-based assessments. The

elements of this support system synergize with
each other for implementing learning, including
blended learning. Learning planning is only a doc-
ument, and without content support and an LMS
delivery system, learning outcomes from lectures
are difficult to achieve. Likewise, without activity
scenarios on the LMS and face-to-face meetings,
content is only a display of material. To improve
students’ digital literacy through blended learning,
the syllabus, content, activities, and assessments
should be designed and developed based on digital
literacy. For example, the syllabus should include
activities that encourage students to find, analyze,
and evaluate information. Lecturers and instruc-
tional designers need to prepare learning activities
on the LMS and face-to-face activities that do
not overlap because lectures are in
a blended learning model. Digital
literacy-based learning activities are
supported by content provided by the
lecturer team that serves as the main
source for students. When students
have valid recommendations from
their lecturers, students feel they
have a minimum standard that they
must meet. These activities need to
be assessed using a digital literacy-
based assessment method to judge if
the objectives and processes carried
out have achieved their goals.

In the LMS, the presentation of this support
system begins by displaying the learning outcomes
and the syllabus. Progress each week follows the
structure of the study material/topic, objectives
per topic, and the constructivist learning activity
scenarios based on the selected blended learning
model. The content presentation should support
activities in text, image, audio, video, and multi-
media formats. And finally closed with authentic
assessment activities related to student learning
activities. In addition, digital literacy skills need
to be assessed at the beginning and the end of
the semester to see the progress of the students
in their digital literacy skills. The presentation
and delivery of content must be adapted to the
selected blended learning model (Staker & Horn,
2012). Determining the best model is important
because that makes it easier for lecturers to iden-
tify the learning resources and activities, as well
as strategies and methods, that are appropriate for
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face-to-face and/or online learning.

Before discussing the results in detail, it
should be emphasized that the purpose of this
research is to produce a valid blended learning
support system to improve the digital literacy of
Education Personnel Education Institution (LPTK)
students. This blended learning system offers plan-
ning, content, and learning resources, as well as
blended learning activities that can create learn-
ing experiences related to the digital literacy skills
information, computer, media, communication,
visual, and technology literacy. To produce this
learning experience, the digital literacy skills need
to be properly identified, developed, and integrated
into blended learning support systems.

Information Literacy

Information literacy is taught through the deliv-
ery of topics and learning objectives as well as how
students are active in finding the information rel-
evant to the topic to achieve a learning objective
(item 1 in each table above). Information literacy is
the skill of finding sources, analyzing and synthesiz-
ing materials, evaluating the credibility of sources,
ethically and legally using and citing sources, focus-
ing on topics, and planning questions accurately,
effectively, and efficiently (Meyer et al., 2008).
Students are taught how to evaluate the information
they receive online, including information obtained
through social media (Akayoglu et al., 2020). In
this study, instructions (Table 1, item 1) and con-
tent (Table 2, item 1) were designed to facilitate
students in developing information literacy skills.
This literacy is important for, and a prerequisite for
participating effectively in, the information society
because of the students’ daily need for information
and their ability to identify, find, evaluate, organize,
and effectively create, use, and communicate infor-
mation to solve problems in the information society
(Martin & Grudziecki, 2006). Research conducted
in Australia found that the information literacy of
new students was low and worsened when the skills
were not developed during the study program (Barr
et al., 2020). Therefore, in the framework of this
blended learning support system, plans, activities,
and assessments are integrated with these infor-
mation literacy skills. If these skills continue to be
developed by students in their study program, they
will grow from usage competency to the stage of
innovative and creative transformation.

Computer Literacy

Computer Literacy is related to students’ under-
standing of how to use computers and application
software for practical purposes (Covello, 2010)
from the mastery phase, the application phase,
and to the reflective phase (Martin & Grudziecki,
2006). These phases can be achieved through
learning activities in a blended learning environ-
ment because the transformation of learning to
blended learning is one way to improve digital lit-
eracy (item 2 in each table), including computer
literacy (Napier et al., 2011). Computer literacy
skills can be improved by integrating computer lit-
eracy-based activities into learning (Nelson et al.,
2011). Therefore, the scenario of blended learning
activities is designed (Table 1, item 2) in this study
to be able to increase phase by phase in each learn-
ing activity. Learning activities are ordered from
activities related to the simplest computer literacy
skills to more complex levels of technology use
and integration. The frequency of using computers
directly in blended learning can increase students’
ability and sensitivity to using digital technology,
especially computers and other communication
tools appropriately (Table 3, item 2). This accuracy
refers to the ability to access, manage, integrate,
and use computers to communicate effectively
with others (Van Joolingen, 2004).

Media Literacy

One of the blended learning support systems is
content in a delivery system that is tailored to the
selected blended learning model. The large number
of media that can be accessed by students requires
them to have digital literacy skills so their learn-
ing activities can be effective. This digital literacy
can be enhanced through a series of communica-
tion competencies, including the ability to access,
analyze, evaluate, and communicate informa-
tion (item 3 in each table) from certain media in
various forms, including printed and nonprinted
(Covello, 2010). Media literacy is more focused on
various media genres and the way messages are
constructed and interpreted. The characteristics of
the writer/sender and the receiver are very impor-
tant in understanding the meaning of the message
and its content. Information literacy tends to focus
on the way information is accessed and its content
evaluated (Table 2, item 3) (Martin & Grudziecki,
2006). Media literacy can be integrated into learn-
ing in several ways (Table 3, item 3) that can be
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adapted to the syntax of the selected blended learn-
ing model (Friesem, 2013; Friesem et al., 2014;
Neag, 2015) The syntax of the blended model can
be started by encouraging students to access vari-
ous media in various formats in certain subjects
(Table 1, item 3). Another way is by implement-
ing projects that focus on media literacy in several
activities and various courses (Simons et al., 2017).

Communication Literacy

The blended learning support system needs to
help improve communication literacy because the
ideal learning activity must contain communica-
tion (Table 3, item 4), both lecturer communication
with students and student communication with
each other. This is evidenced by the expectations
and diagnosis of student needs for discussions in
blended learning (Rahmi & Azrul, 2019; Rahmi
et al., 2021). This means that communication is
necessary for learning. Regarding communication
literacy skills, these help students communicate
effectively as individuals and work collaboratively
in groups by using publishing technologies such as
word processing, databases, spreadsheets, drawing
tools), the internet, and other electronic and tele-
communication tools. Communication literacy is
needed because it is the main activity of students
when interacting verbally and using digital media.
It is a challenge for students to be more aware and
wiser in communicating using media (Martin &
Grudziecki, 2006). In addition, the research shows
that ownership of ICT tools does not positively cor-
relate with communication literacy skills (Sorgo
et al., 2017). Therefore, although these skills are
not separate subjects, students’ communication
literacy skills can be improved by integrating the
achievement of these skills in lectures (Tables 1, 2,
3, 4, item 4). The implication is that a set of activi-
ties is inserted into the blended learning support
system to be able to train students in communica-
tion literacy skills.

Visual Literacy

The blended learning support system is devel-
oped by enriching visual content. The complexity
of the visual image emphasizes the use of recom-
mended teaching content in blended learning (Table
1, item 5). This action aims to create new knowl-
edge for students (Table 3, item 5). Content can be
presented by visualizing content based on Bloom’s
cognitive level to improve student understanding

(Arneson & Offerdahl, 2018). Visualized content
Is easier for students to understand and interpret
because it helps clarify certain concepts for stu-
dents’ cognitive abilities. Visual literacy through
images becomes a powerful medium for inter-
preting the meanings of the content (Martin &
Grudziecki, 2006). Visualization of this content
is important because learning with visuals helps
improve students’ digital literacy skills (Hattwig et
al., 2013; Stokes, 2002), namely the ability to read,
interpret, and understand the information pre-
sented in pictorial or graphic images. Another skill
is the ability to convert any type of information
into images, graphics, or forms that help commu-
nicate information. These competencies enable
humans to distinguish and interpret visible, natu-
ral, or constructed actions, objects, and/or symbols
that they encounter in the environment.

Literacy Technology

Technological literacy is related to computer
skills and the ability to use computers and other
technologies to improve learning, productivity, and
performance (Martin & Grudziecki, 2006). These
skills are important in a developmental student
environment with easy access to today’s technol-
ogy because it is potentially dangerous if they are
ignored. The rapid development of technology
motivates students to master all technology because
they are afraid of being left behind and worry about
being ostracized when they do not know the tech-
nology. This condition implicitly makes students
unproductive when they have to focus on learn-
ing these skills. Therefore, when blended learning
is used by students, these skills can be improved
by transmitting how to select and sort out the right
technology to make the students more productive
(Table, item 6). It may not be explicit content in
lectures, but it can be implied in learning activities
compiled by lecturers and instructional design-
ers. This idea can promote technological literacy
and the application of blended learning. These
pedagogical practices in blended learning can be
pursued by integrating performance-based, authen-
tic learning to encourage technological literacy in
future teachers (Cydis, 2015). By practicing this
for preservice teachers while they are on campus,
it will have an impact on the use of technology in
the teaching and learning process. This is achieved
through the integration of technology tools in les-
son plans, content, activities, and assessments.
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All of the digital literacy components listed
above can be integrated into a blended learn-
ing support system in universities. The synergy
between the elements of a digital literacy-based
support system (Figure 3) is needed to improve the
digital literacy of preservice teachers.

Figure 3. Diagram of the Prototype of Blended Learning
Support System to Improve Digital Literacy

Figure 3 shows the synergy of the compo-
nents of a blended learning support system that
can improve students’ digital literacy. The four
components of the support system have met the
elements and criteria for validity (Tables 1-4). The
components of supporting tools, lesson plans, LMS
content, LMS activity, and evaluation are devel-
oped based on digital literacy, which is expected to
be used in the learning process by students. At first,
it is done by imitating/receiving, then responding
and managing, and finally reaching the last stage,
namely characterizing (Garritz, 2013; McCoach et
al., 2013). Furthermore, digital literacy can develop
at three levels, namely digital competence, digi-
tal usage, and digital transformation (Martin &
Grudziecki, 2006). This effort in blended learning
certainly considers the harmonization of face-to-
face activities with online learning so there is no
overlap or repetition, including the overlap between
reading skills in printed materials and digital mate-
rials (Chinta et al., 2016).

Ikpeze (2018) is a relevant study related to
increasing digital literacy for teachers through
providing opportunities for teachers to experiment
with digital and multimodal tools, processing them

and creating opportunities for transmediation and
differentiation. The same thing can also be done to
preservice teachers while they are in the program.
To measure the extent to which digital literacy
development has been achieved, each semester stu-
dents can be given a digital literacy pretest at the
beginning of the lecture and a posttest at the end
(Nelson et al., 2011). The support system in blended
learning is considered valuable for improving the
digital literacy skills of preservice teachers. This
prototype can be used in other courses according
to the characteristics of each class.

LIMITATIONS

This research involved three groups of subjects,
namely science, social, and vocational. Although it
has been declared valid and practical, this support
system requires multilevel testing to get an effec-
tive support system so that it can be disseminated
to other subjects besides basic physics, elearn-
ing development, and animation. In addition, this
research was disseminated to ask 50 users for test-
ing. Testing the prototype on a wider range of users
may get different results.

IMPLICATIONS

This research provides both theoretical and
practical implications. The theoretical implications
add to the literature of lecturers and instructional
designers in designing and implementing digi-
tal literacy-based blended learning for preservice
teachers. The practical implication is to improve
the digital literacy skills of preservice teachers,
by using the blended learning support system to
strengthen and enrich the components of the learn-
ing model by integrating learning plans/contents/
activities/assessments based on digital literacy.

CONCLUSIONS AND RECOMMENDATIONS

The results of the research on developing a
prototype blended learning support system to
improve digital literacy show that all indicators of
the support system are in the valid category. The
support system is rated higher by experts than by
lecturers, as seen in the lesson plan in which the
average score is 3.91 for the expert and 3.58 for the
lecturer; in the content, in which the average score
was 4.38 for experts and 3.90 for lecturers in both
text, image, audio, video, and multimedia formats;
and in activities, in which the average score is 3.77
for experts and 3.40 for lecturers by facilitating
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synchronous and asynchronous activities. Of the
four support systems, content has a higher average
validation value of 4.38 compared to other support
systems. All the other support systems, such as les-
son plans (3.91), activities (3.77), and assessments
(4.12), have been declared valid. The integration of
digital literacy skills in each component of the sup-
port system is very helpful in achieving the goal of
increasing student digital literacy competencies. Its
integration into the support system provides space
for students to be compelled to learn and become
proficient in and accustomed to digital literacy.

This study recommends that a valid and practi-
cal blended learning support system can be tested
in a limited way in the relevant environment to
obtain a set of effective support systems to improve
students’ digital literacy. This research can also be
continued with trials on a wider sample with dif-
ferent material characteristics.
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