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ABSTRACT

The study aims to investigate the role of infographics as a visual
tool for learning science for deaf students. Achieving this main aim
entailed highlighting the challenges deaf students encounter while
learning science, demonstrating how infographics as a visual learn-
ing tool would contribute to overcoming some of these challenges,
identifying the effective criteria of infographics design for teaching
deaf students science, and determining the instructional approaches
for employing infographics as a science visual learning tool for deaf
students. Results revealed many challenges hindering science learn-
ing for deaf students, which call for the adoption of visual
approaches such as infographics. It was also found that infographics
can serve as an effective visual learning tool of science for deaf
students in addition to helping them in scientific communication;
through practicing visual thinking processes and visual literacy
skills, which are integral parts of science learning. Based on
literature review, a set of instructional design criteria of info-
graphics for teaching deaf students science were suggested, along
with identifying the appropriate educational approaches for employ-
ing infographics in teaching science for deaf students. The study
recommended teachers of deaf students to work on infographics
design and employment as a science visual learning tool in light of
sound educational approaches and foundations.

Key Words: Infographics, Science learning, Visual thinking,.,
Visual literacy, Deaf students.

Introduction
In the current era of global competition, human resources play a vital
role in achieving community well-being in light of their being the founda-
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tion of all development and progress efforts in various arenas. The
preparation of highly qualified human capital has become a major concern
of contemporary societies. This is done through the educational process.

Although the educational process is one of the most prominent
prerequisite for the inclusive growth of society, it represents a challen-
ging task for students with disability because of the unique problems
these students would encounter (Zakia, Sunardi & Yamtinah, 2017:
105-106). Students with disability are integral part of the human
resources of any society (Tamilarasi & Ushalayaraj, 2017: 318); thus
achieving equivalent or at least convergent educational standards to
their normal peers is a major issue of educational systems in different
countries of the world. Deaf students are among the various categories
of students with special needs who encounter multiple difficulties in
their lives; including low language proficiency and lower levels of
capacity for interaction and communication, as well as difficulties
embedded in learning and acquisition of new concepts (Nugraheni,
Salim & Sunardi, 2017: 74).

Like any population, deaf learners need to acquire a large amount
of scientific concepts, especially those related to life circles, animals,
plants, climate, astronomy, etc. (Andrews, 2017: 4). Nevertheless, the
results of a study conducted by (Zainuddin et al., 2009) pointed to the
occurrence of challenges to science learning for deaf learners, such as
the absence of learning aids tailored to help deaf students learn science;
the use of the same textbooks and curriculum applied to hearing
students in the instruction of deaf learners; the difficulty of conceptual
understanding of abstract scientific concepts; and the poor cognitive
ability of deaf learners.

Given the nature of deafness and loss of hearing, deaf learners have
to rely mainly on vision to compensate for hearing loss, making them
primarily visual learners (Luckner, Bowen & Carter, 2001; Olatoye &
Aanu, 2010). Deaf students, then, need tailor-made visual learning
materials commensurate to their specified needs (Cooper, 2016). Thus,
the best option for visual education for deaf learners is to combine
simple texts with visual representations in a graphic format (Luckner et
al., 2001: 38). The provision of information visually helps deaf learners
achieve better levels of learning outcomes (Nunes, Bryant & Pretzlik,
20006). Besides, through appropriate educational practices, the principle
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of fair equality of opportunity in learning science can be achieved for
deaf students (Ross, 2017). On the other hand, deaf students live in a
digital age that is heavily dependent on modern communication
technologies, which requires these students to be technologically quali-
fied to live like their listening peers. This, in turn, calls for preparing
deaf students with various information and visual literacy skills and all
needed 21st century skills.

We live in an era that is witnessing cumulative information flow;
making people obliged to handle a huge amount of information, and
thus should be able to systematically deal with, design, and represent
this information in an easy-to-understand visual way (Banulnanc,
2014:40). This came up with a wealth of research documents indicating
that people pay attention to visual representations more than words
(Akhmad, Sugandi & Nandi, 2018). "Infographics’ has been known as
an important tool for the visual representation of information in the
digital age (Toth, 2013). There is currently a global extensive emergence
of Infographics in various domains including presentation of status-quo
events, clarification of traffic rules, and many such examples; because
of their potential to outweigh texts in presenting ideas through high-
lighting the relationships between concepts in a more concrete way than
embedded in texts (Ruottinen, 2014: 22).

In light of infographics potential to reduce text in communication
in favor of visual representations, they are being utilized in paper and
digital newspapers and magazines, in addition to its extensive use in
social networking for being more attractive and easier to understand
and communicate (Vanichvasin, 2013: 136). Moreover, in the scientific
domains, it is now common for scientists to use infographics to simplify
and introduce complex scientific knowledge in simple and easy fashions
to society and public through journal articles, electronic periodicals and
other media (Lamb, Polman, Newman & Smith, 2014).

Given their prominent feature, infographics have become well
known as educational tools in different educational environments
(Sudakov, Bellsky, Usenyuk & Polyakova, 2014); being used as a new
approach for the development of effective visual teaching strategies for
the present age (Martix & Hodson, 2014). Infographics can be best
viewed as a form of creative learning environments that helps deliver
information to learners in an effective visual way (Yildirim, 2016).
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Based on the above, there is a growing interest in developing clearly
defined frameworks for the design and development of infographics for
educational purposes based on learning theories and other relevant
fields (Almunive & Alshammari, 2018). The use of infographics in
education can be an important primary step toward the development of
an educational approach based on visual representation and appropri-
ate to the characteristics of various students (Matrix & Hodson, 2014),
notably the deaf.

Although infographics, as an effective tool for information presen-
tation, can provide a meaningful approach for deaf students, this
research line seems still in its infancy in terms of exploring and
investigating employing infographics in teaching science to deaf stu-
dents, which would be the focus of the present study. However, such
needs do not constitute the sole impetus for carrying out this review.

The present study has its theoretical framework in two premises;
starting to gain a philosophical and psychological ground; by the end of
the twentieth century and the beginning of the present century. It
advocates the hypothesis of cognitive penetrability, pertaining to the role
played by cognition and emotion in shaping and altering visual percep-
tion. The second hypothesis claims perceptual integration, maintaining
the compensatory role of vision in the presence of language receptive
disorder. The visual system has the remarkable ability to integrate
fragmentary visual input into a perceptually organized informative
shape, and provides a meaningful learning experience; especially in
teaching science. It also helps the learner to construct his/her perceptual
justification for posterior interpretations (of any visual stimulus). Thus,
the present study paves the way to visualization and mental imagery to
help enhancing learning in other school subjects. It may also be helpful
in the use of art and motion pictures in education and public commu-
nication; whether pre-produced or interactive material.

Problem of the Study

Deaf students encounter a great deal of challenges in educational
environments. They are, however, expected to achieve equivalent
educational standards for their peers under high-level accountable
systems (Cooper, 2016: 2). Learning difficulties faced by the learners as
a result of those problems include learning or understanding ideas and
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concepts contained in the curriculum, as well as dealing with the
learning environment and acquiring different types of skills (Tamilarasi
& Ushalayaraj, 2017: 318). It is argued that deaf students suffer from
two major types of learning problem: the first is attributed to the
traditional patterns of teaching and learning based largely on filling
students’ minds with a huge amount of verbal information presented in
a way that is neither interesting nor facilitates comprehension and
understanding as concluded by (Sudak et al., 2014; Noh et al., 2015).
These are the problems typical students suffer in general. Besides, deaf
students face additional difficulties related to their own characteristics
and conditions of disability.

These difficulties justify the students’ need for visual approach to
learning that relies on delivering information in a simple and visually
appealing manner facilitating students’ understanding, combined with a
small amount of verbal information presented in a simplified form that
would facilitate students’ learning. This can be achieved by information
graphics. In his review of literature, Cooper (2016) concluded that the
combination of simple verbal texts along with visual representation of
information can help support the learning process and understanding of
students. Educational research investigating the use of infographics,
however, is relatively scarce in general (Lyra et al., 2016), and in the
field of deaf students’ learning in particular, as studies examining the
employment of infographics for the students of this category are, to the
researcher knowledge, very few in number. Infographics are particularly
useful for visual learners (Noh et al., 2015), among whom deaf students
are included.

Through personal experience, some deaf student teachers are seen
trying as much as possible to take advantage of infograhphics as tools
for visual learning to support their students’ learning process. However,
literature (e.g. Toth, 2013) indicates that the use of infographics without
considering the characteristics that must be available may impede rather
than support learning.

According to (Noh et al., 2015), the misuse of visual communica-
tion would undermine its effectiveness. This is due to the fact that the
inappropriate designs of visual elements hinder effective information
presentation, adding to that impaired visual communication skills of
learners may impede their capacity to learn from visually-presented-
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information correctly. Therefore, there is an urgent need to investigate
the factors that would facilitate or hinder deaf students’ learning of
science by means of infographics.

Furthermore, limited research available on science instruction for
deaf students (Jones, 2014) suggests the need to employ infographics as
a visual learning tool to help overcome the challenges they face in
learning.

Questions of the study

The present study tries to answer the following main question: how
can infographics be integrated as a visual science learning tool for deaf
students? In order to answer this question, the attempt was made to
answer the following research questions:

1 - What are the science learning challenges encountered by deaf
students?

2 - What is the role of infographics as a visual tool for science
learning?

3 - What are the criteria of designing quality infographics for teaching
science for deaf students?

4 - How can infographics be used as an effective tool for science visual
learning for deaf students?

Significance and Contribution to Knowledge

Theoretical significance: the present study can be a significant
contribution to bridge some of the gaps observed in literature. The
study may contribute to enrich literature related to educational use of
infographics, explain how infographics may support visual learning
process as well as the mechanisms they depend on, and identify the
factors that deserve attention in future research. Moreover, the present
study can provide a departure point for using infographics in the
learning of deaf students; an area that has not received enough
attention in literature.

Practical significance: the present study works to provide important
implications for deaf students’ teachers in their use of infographics as a
visual learning tool; by highlighting the mechanisms through which
infographics would support learning, determining the specifications
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must be available, and identifying the possible obstacles of using
infographics in learning, which eventually help teachers use infographics
effectively in the learning process.

Limitations of the study
The study has been limited to the following main determinants:

1 - The study is restricted to static infographics for being the simplest
form compared to interactive or motion infographics.

2 - Focusing on reviewing the visual approach in deaf education.

3 - The study is limited to investigating infographics applications in
science instruction.

Definition of Terms

Deaf students: those students with complete hearing loss or full
hearing impairment to the extent that their auditory loss is more than
120 dB, making them unable to apprehend information from audiogenic
or acoustic sources.

Infographics: visual representations of concepts and ideas taught to
deaf and are developed by the students or their teachers. These visual
representations combine different visual design components as well as
verbal educational content in a concise, interesting, and easy to under-
stand way of learning.

Methodology of the study

In order to achieve the aims of the study, the descriptive analytic
approach has been adopted that is based on reviewing and analyzing
the literature and previous studies to derive ideas and answers to the
questions of the study in a theoretical and analytical fashion. According
to this approach, the study included the following topics:

1 - Challenges of science learning for students who are deaf.
2 - Infographics as a visual tool for science learning.

3 - Instructional design of infographics for science instruction for deaf
students.

4 - Implementing infographics in teaching science for deaf students.
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The challenges of science education for deaf students

Deaf students suffer from delay in science achievement compared
to their typical peers. For instance, a study conducted by (Akram,
Mehboob, Ajaz & Bashir, 2013) compared the acquisition of scientific
concepts by two groups of eighth-grade of deaf and hearing students in
Pakistan in terms of the acquisition of 32 main scientific concepts. The
results revealed that there were statistically significant differences in the
acquisition and proficiency of scientific concepts in favor of hearing
students.

Similarly, Vosganoff, Paatsch and Toe (2011) compared scientific
and mathematical skills for ninth-grade deaf students or hard of hearing
in blended environment to their typical peers. It was found that the
performance of 88% of students with hearing impairments had been
lower than the overall average in Australia. In particular, the results
showed that students had difficulties with questions with advanced
linguistic content or those requiring written explanation, while perform-
ing better in areas requiring spatial visual skills such as space and
measurement concepts. In the same vein, the comparative study
conducted by (Olatoye & Aanu, 2010) investigating science achievement
for deaf and typical high school students in Nigeria pointed out the
significant outperformance of hearing students.

In the attempt to interpret this low level of science achievement,
several studies tried to highlight the challenges facing deaf students. For
example, the qualitative study conducted by Naidoo (2008) listed many
of the challenges facing deaf students in learning science including: lack
of basic literacy; lack of motivation to learn science; the use of
inappropriate learning strategies and resources; inconsistencies in the
use of sign language symbols that express many scientific terms because
of teachers’ utilization of different signs for the same word or the same
sign for different words or using different signals for various educa-
tional stages or among a school; and, finally, the lack of opportunities
for informal learning of science at home as well as poor parental
involvement in their deaf children education.

The challenges of science learning can be classified into several
categories; some of which are attributed to their characteristics, others
inherited in the content of science courses, and still others associated
with inappropriate teaching methods, textbooks, and instructional
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materials. Generally speaking, loss of hearing and the associated
language delay are among the most pervasive learning challenges in
general and for science especially (Zakia et al., 2017; Olatoye & Aanu,
2010; Namukoa, 2014; Hidayat, Gunarhadi & Hidayatulloh, 2017). The
language delay resulting from loss of hearing from birth or early
childhood along with the complete dependence on eye language is called
language deprivation, and has major implications for students’ learning
of science (Andrews, 2017).

Added to that, the very abstract nature of scientific concepts that
are primarily taught through traditional methods by means of lectures
and textbooks exacerbate the difficulties encountered by deaf learners
(Jones, 2014). In such cases, deaf learners face severe difficulties in
dealing with information printed in the traditional form and in
traditional teaching of science (Wang, 2011: 239). This is because
textbooks tend to include texts rather than images (Naidoo, 2008),
along with the lack of instructional materials tailored to this population
of students (Hidayat, Gunarhadi & Hidayatulloh, 2017; Adesokan &
Reiners, 2016; Cooke, 2011). Nonetheless, despite the critical impor-
tance of visual learning materials in science education, and in teaching
deaf students in particular, several studies point out that the use of
visual learning modalities that are appropriate for deaf students is still
limited. For instance, the qualitative study conducted by (Zakia,
Sunardi & Yamtinah, 2017) on a sample of Indonesian deaf learners
emphasized the limited use of visual learning modalities in teaching
science to deaf students in favor of the more reliance on textbooks. The
final challenge is the adoption of teaching strategies which do not meet
needs and characteristics of deaf students. In this respect, the results of
Namukoa’s study (2014) demonstrated that although a sample of high
school science teachers had been aware of a number of best practices
and strategies for developing the scientific literacy of deaf learners, these
strategies either are not applied or perfunctory implemented in practice.

Finally, on the contrary to their peers who take advantage of
informal learning situations outside the classroom, deaf students almost
cannot due to their need to sign language, thus there should be
specialized professionals to help teacher in the classroom (Andrews,
2017: 4). Based on the above cited challenges, there are needs for deaf
students within learning science should be met. Since abstract scientific

Volume 35 @




Dr. Aliah Alatyaat
. _________________________________________________________________________________|
concepts are difficult for them, they need visual tools that would
facilitate understanding and strengthen their ability to remember these
concepts (Zakia et al., 2017). Hearing impediment has a direct impact
on science learners’ preferred learning styles, making them more
inclined to visual learning (Olatoye & Aanu, 2010: 90). They also need
to be trained on how to access diverse scientific sources related to what
they learn (da Fonseca Flores & Rumjanek, 2015).

The study conducted by (Adesokan & Reiners, 2016) lists a set of
main learning needs of deaf students when learning science. These are:
1- language skills: the need to develop general language skills to learn
specialized basic scientific concepts, the need for sign language specifi-
cally relevant to the subject matter, and for more real-life experiences to
relate them to learning; 2- Communication: the need for special
communication systems; 3- Cognitive competence: it includes many
needs related to the competencies required for learning science such as:
the need to develop the ability to formulate hypotheses and scientific
questions, the need to provide descriptions and reports of the results of
experiments, the need for further training to follow the instructions for
experiments, the need to build models to represent abstract concepts
especially using visual representation, and the need for training on
thinking of the problem; and 4- teaching staff: the need for specialized
teachers in teaching students with hearing disabilities. It is argued that
many of these needs can be met through the adoption of visual
approaches of learning by means of tools like infographics, which will
be further discussed in the following sections. So far, question 1 of the
study has been answered.

Infographics as a visual learning tool in science education for deaf

This section addresses the answer to question 2. The concept, types,
components, and the educational affordances of Infographics are
introduced. This is followed by reviewing the role of visual learning in
science as well as its significance for deaf students, and finally high-
lighting the importance of Infographics as a visual learning tool in
science education for deaf students.

Definition and components of infographics:

According to (Noh, Shamsudin, Nudin, et al., 2015), the term
“infographics™ is derived from two words: information and graphics,
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which means the visual representation of information. Infographics can,
therefore, be defined according to denotation of the term as graphical
representation of information (Toth, 2013). Scanning existing literature
reveals that there is a consensus defining infographics as "visual
representations using various visual elements such as images, tables,
concept maps, and maps, along with the use of written texts and verbal
content to express different data, ideas, and information in a visual
manner characterized by attractiveness, clarity, and easily understood
by readers” (Noh et al., 2015; Kibar & Akkoyunlu, 2015; Banulnanc,
2014; Dyjur & Li, 2015; Ruottinen, 2014).

In light of the above mentioned definition, infographics consist
mainly of three components, these are: the visual component, which
includes graphs, diagrams, icons, and depends on the use of colors as
well, (b) the content, which includes statistics, time frames, and
references, and (c) the knowledge contained, including facts (Ru &
Ming, 2014: 985; Ouf, 2018).

Types of infographics:

Infographics can be classified according to various classifications.
The most prominent of which is (Damyanov & Tsankov’s, 2018: 84)
taxonomy which classifies them into three main types as the following:

1 - Static infographics: these consist of static visual representations that
do not contain any motion elements and are the simplest form to
introduce infographics. They refer to diagrams designed to be used
in printed form (e.g. posters, illustrations published in newspapers
or advertisements), or digital form without including any motion
features; as is the case on different websites (Hassan, 2016: 3).

2 - Animated/motion infographics: in addition to involving visual
representations of the data and information provided, this type
includes motion components to help represent a large amount of
data and information in a single shot.

3 - Video clips infographics: involve both visual representations and text.

Hassan (2016) further adds a fourth type for infographics that is
interactive, which are characterized by the same features of motion
infographics beside the addition of elements allowing the user to
interact with the content.
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In another classification (as cited in: Dyjur & Li, 2015), these are:

flowcharts, timelines, infographics displaying processes, image-based

infographics, data-focused-infographics, narrative infographics, and

comparative infographics, in addition to infographics blending two or
more types of these informatics templates

Characteristics of infographics

It is argued that the prominent characteristic of infographics would
be the possibility to consider it as an entity involving both verbal
communication and visual representations simultaneously so that each
element is not presented in isolation, which improves the learner’s
ability to understand (de Oliveira et al., 2016). In the educational
environment, infographics have been utilized as an effective learning
and communication tool that can promote classroom engagement,
stimulate motivation, develop understanding capacities, and develop
evaluation skills (Ozdamli & Ozdal, 2018).

In light of reviewing literature, the following characteristics of
infographics can be concluded:

- Infographics have a unique aesthetic character that distinguishes
them from all other visual representations used for learning purposes.

- Infographics provide visual tools to represent the relationships among
different scientific phenomena and concepts, and introduce attractive
and concise examples of complex scientific concepts and ideas.

- Infographics can be used as tools for instructional communication,
learning and assessing students’ learning outcomes.

- Infographics can easily be widely disseminated among various
students, especially if they are produced in digital formats used across
social media.

- Infographics can be used as assistance tools in classroom manage-
ment, as well as in overcoming the common behavioral problems for
deaf students by developing infographics that explain the rules of
classroom behavior, task schedules, and so forth.

The need for infographics in education
Some studies indicate the existence of several problems and
difficulties students encounter in learning, which call for the urgent need
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to use infographics in the educational process. For example, (Sudakov
et al., 2014) reports that amongst the problems faced by students are:
the intensity of information introduced in lectures, the lack of illustra-
tive examples, the need for visual representation of information, and
the need to deliver information in an interesting way.

(Noh et al., 2015) further added that students have difficulties in
understanding the lecturer’s explanation and maintaining their attention
on learning while providing a large amount of information through
slides, in addition to the students’ need for visual or image representa-
tion or at least the use of simple texts, attractive colors, and good
design. These results clearly suggest the students’ need for informatics
templates in their learning. This is more vital for deaf students who lack
auditory information, and thus are more reliant on visual information;
making them need more infographics comparisons compared to their
typical students.

Educational affordances of infographics:

Lally, (2016) points out that there are plenty of affordances
associated with the use of infographics in teaching such as, students’
satisfaction on learning, the increased ability of students to retain
learning and its effect, simplifying complex concepts, and providing a
step-by-step visual manual for learning process and tasks. Despite the
relative scarcity of research investigating the educational use of info-
graphics (Lyra et al., 2016), the few educational studies conducted
demonstrate the existence of significant privileges associated with the
use infographics. For example, the results of Rueda’s study (2015)
indicate that the use of infographics in teaching Boolean algebra has
contributed to the improvement of university students’ learning through
developing a learning content based on graphic design. In similar vein,
Nash (2015) found that teaching physics using infographics based on
visual thinking has contributed to significant improvements of visual
thinking skills, academic achievement, and attitudes towards learning
physics among high school students in South Korea. The results of
Yildirim’s study (2016) conducted on a sample of Turkish university
students reveal that students considered infographics more effective in
supporting their learning compared to traditional texts. Similarly,
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Rueda (2015) concluded that using infographics in teaching Algebra for
students at tertiary education in Mexico has contributed to statistically
significant improved levels of academic achievement.

Furthermore, the results of other studies point out that the use of
infographics supports various learning skills, including the development
of self-organized learning skills (Ott, Robins & Shephard, 2014),
enhancing students’ information literacy skills (Toth, 2013), and im-
proving visual literacy that is viewed as one of the 21st century skills
(Kibar & Akkoyunlu, 2015). Moreover, infographics have the potential
to result in significant affective influence on the learning process. Given
they take the form of a unique visual method for information presenta-
tion, infographics would lead to increase learners’ interest, in addition
to helping them engage well in learning (Bradshaw & Porter, 2017).

In this context, the results of the studies conducted on the
educational use of infographics demonstrate the existence of positive
perceptions and attitudes among students of different educational levels
concerning the use of infographics in learning. For instance, Aydin
(2009) observed positive attitudes among university students towards
the use of infographics in learning mathematics. Similar findings have
also been reached by others investigations (e.g. Sudakov et al., 2014;
Noh et al., 2015; Martix & Hodson, 2014).

3.6 Properties of Effective infographics

Existing literature demonstrate a set of prominent characteristics
that must be available in infographics to achieve the desired outcomes.
The most important of these requirements include: the sufficient quality
of the information, concepts, explanations, examples and conclusions
delivered; information should be presented in a balanced and harmo-
nious hierarchical structure, and images and colors must be consistent
and clear (Kibar & Akkoyunlu, 2015). Marabella (2014) argues that
infographics should use short texts in addition to the effective employ-
ment of design elements. Davidson (2014) further adds five main
properties of good informatics templates, these are: to serve as a
narrative of a story; a clear and appropriate title to the content; ease of
reading and contrasting text with the background; relevant, clear, and
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original images, and consistency between shapes, colors and fonts in
infographics. Banulnanc (2014) concludes that the topic of infographics
is more significant than visual design (p. 45).

The role of visual learning in science education

Science is a content area of a visual nature due to its heavy reliance
on multiple forms of visual representations and skills required to learn.
Perhaps the most outstanding feature of science visual learning is that it
opens up new prospects for problem solving, provides alternative
opportunities for students to think in other ways, increases the ability
to explain and present complex concepts to students and others, and at
the same time increases students’ academic engagement and helps them
understand the complex relationships between scientific concepts and
ideas (McGrath & Brown, 2005: 56). For example, in a qualitative
ethnographic study conducted by Plow (2004) on a sample of primary
school students in America, it was found that employing a visual
approach that stimulates visual thinking for science learning in a web-
based environment, and ensures that students provide visual representa-
tions, has enabled students to better understand scientific knowledge.
Students also perceived that their practicing visual thinking had
enhanced their ability to learn science and make links among different
scientific knowledge structures. The implementation of visual ap-
proaches in science education would help students learn and practice
many of visual literacy skills as well as visual thinking processes that
are of paramount importance for learning science.

Visual literacy refers to a cohort of skills and abilities that enable
learner to read, understand, interpret, and evaluate multiple visual
representations and messages such as images, illustrations and charts
(Abersek, 2008). (Shaltout & Albarrak, 2015) define visual literacy as
the ability of an individual to comprehend the ideas and the interactions
among them, which are represented via different images. Whereas Omar
(2016: 219) defines visual thinking as a set of mental processes which
enable learner to identify and describe the visual form, compare its
components, interpret the phenomena involved, and predict, arrange
and evaluate events based on it. Visual literacy, on the other hand,
includes the ability to read, construct and use visual representations for
communication purposes. It can be seen as the practice and application
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of visual thinking in science learning. Visual literacy skills equip a
learner to understand and analyze the contextual, cultural, ethical,
aesthetic, intellectual, and technical components involved in the produc-
tion and use of visual materials (ACRL, 2011).

In light of the critical importance of visual literacy skills for science
education, the main standards documents in science education support
the direct and explicit teaching of these skills in order to develop
students’ academic achievement, which is documented in the "Frame-
work for Science Education in k-12 Education" (NRC, 2012) and Next
Generation Science Standards (NGSS Lead States, 2013) which state
that "learners should be asked to use maps, diagrams and other abstract
models as tools enabling them to broaden their concepts or outcomes
and to present them to others" (NRC, 2012). Visual literacy includes
the following skills:

@ Determine the nature and extent of the visual materials needed

o Find and access needed images and visual media effectively and
efficiently

e Interpret and analyze the meanings of images and visual media
o Evaluate images and their sources

@ Use images and visual media effectively

@ Design and create meaningful images and visual media

o Understand many of the ethical, legal, social, and economic issues
surrounding the creation and use of images and visual media, and
access and use visual materials ethically (ACRL, 2011).

As for science education, visual literacy skills include: transforming
the complex language of science into visual representations easy to
understand for various purposes such as problem solving, task perfor-
mance, and scientific communication. They also involve the explanation
of the visual representations students face, and through which they
recall the previously learned concepts in an attempt to interpret these
visual representations (Galyas, 2016: 30-32).

Many studies have documented the great importance of visual
literacy skills in the teaching/learning science, which highlights the need
to work on their development (Suzak, 2017; Abersek, 2008; Galyas,
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2016). For example, the results of a mixed-methods research study
conducted by Galyas (2016) on a sample of American seventh-grade
students showed that explicit teaching of visual literacy skills employed
in the context of an inquiry learning setting has contributed to
enhancing academic achievement levels.

Similarly, the results of (Chen, Dipinto & Newman’s, 2017)
qualitative study investigating practices applied in science education at
the intermediate and secondary stages revealed documented various
uses of visual literacy skills to support the learning of science content,
and to help learners analyze visual representations, apply content and
provide visual representations for that knowledge. It was also found
that although visual literacy practices were not used formally; they have
been eventually exercised, indicating that visual literacy skills are an
integral part of science teaching/ learning.

Infographics as a visual tool for science learning

Infographics can be seen as a pivotal tool for visual learning of
science, through which students can learn and practice visual literacy
skills and visual thinking processes which significance for learning
science has been verified in the previous section. In this section, this is
presented as a prelude to presenting infographics as a visual tool for
learning science for deaf students.

Visual literacy standards state that students should be able to assess
and develop infographics for a variety of purposes (Bradshaw, 2018).
This is due to the fact that infographics have become an integral part of
the development and practice of information literacy skills. Research
demonstrates a significant relationship between the use of infographics
in instruction and visual literacy skills; a relationship of mutual
influence. That is, in order to achieve the most effective use of
infographics in education, it is necessary to equip students with visual
literacy skills. Besides, the use of infographics would enhance students’
visual literacy skills (Kibar & Akkoyunlu, 2014; Matrix & Hodson,
2014; Dur, 2014; Kibar & Akkoyunlu, 2015).

In their review of 55 studies, published between 2004-2016, investi-
gating the use of infographics in instruction, (Naparin & Saad, 2017)
concluded that infographics contribute to developing visual literacy
skills, and help students and teachers understand and evaluate visual
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information. In a same vein, (Shanks et al., 2018) present an interven-
tion in which a number of higher education students in the US were
encouraged to use infographics for presenting and communicating
health information. Moreover, a study conducted by (Kibar & Ak-
koyunlu, 2015) demonstrated how assigning a sample of high school
students to design infographics as a visual representation in the frame-
work of a cooperative model between science and technology teachers
has resulted in developing students digital literacy skills.

Assigning students to develop and share infographics lead to
develop many of the significant skills required for them in their
prospective careers, such as communicative and design skills (Fridman,
2018: 21). (Omar, 2016: 223) outlines some of the important aspects of
the use of infographics in science education, including the following: It
may help develop visual thinking skills such as: the recognition,
interpretation, comparison, construction and evaluation of images; to
contribute to the formation of sound schema and perceptions on
scientific concepts and correcting misconceptions, as well as making
science learning more attractive to students.

In light of this documented correlation between infographics and the
development of visual literacy and thinking skills in science, the results of
many previous studies highlighted the importance of utilizing info-
graphics in science education in terms of enhancing cognitive, affective
and skills learning outcomes. For instance, (Hassan, 2016) study focused
on determining the effect of employing infographics, both fixed and
motion, on developing students’ learning of complex scientific concepts
of the phases of the moon. Implementing the study on a sample of
secondary students using a pre-post-experimental design, the results
revealed that both types of infographics were effective in developing
students’ understanding of complex scientific concepts. These findings
were explained claiming that infographics had worked to increase
students’ interest in learning as evidenced by the comments they reported
on the use of infographics in learning. The results showed as well the
superiority of the static form of infographics over the motion one;
assuming that the former has provided the flexibility for learners for
visual navigation in the entire schema information with its components,
in addition to allowing them to read texts and visual representations
simultaneously to complete the understanding of each part of the scheme.
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The attempt was made in (Omar, 2016) study to develop scientific
concepts and visual thinking skills along with the enjoyment of learning
science for a sample of fifth grade students through a suggested strategy
using scientific infographics. Using a quasi-experimental design with
experimental and control groups, the results showed statistically sig-
nificant differences in the three dependent variables in favor of students
who studied using the suggested infographics-based strategy.

Asbi (2015) examined the potential of infographics on improving
science achievement and attitudes and motivation towards learning
among a sample of fifth-grade students in Palestine. Utilizing a quasi-
experimental pre-test-post-test experimental and control groups design,
the results documented statistically significant differences in the science
achievement test, the attitudes scale and the motivation scale in favor of
students who studied using infographics.

The study of (Noh & Son, 2015) aimed at investigating the effect of
using visual thinking-based infographics in teaching physics to a sample
of high school students. By using a quasi-experimental methodology with
experimental and control groups to examine the effect of an intervention
involved students’ developing of infographics for physics learning pur-
poses, it was found that the students studied though infographics
statistically significant outperformed their peers in the control group in
terms of understanding scientific concepts, developing communication
skills, and developing attitudes towards science and scientific inquiry.As
for the specific utilization of infographics as a visual learning tool of
science, they may be used as a learning tool or a communication tool. In
mixed methods research conducted by (Vanichvasin, 2013) on a sample
of computer science students at Kasetsart University, it was found that
infographics can work as a visual learning tool and as a visual
communication tool simultaneously. The results demonstrated that info-
graphics had played several functions as a learning tool. The use of
infographics as a learning tool has contributed to improving under-
standing and retention levels. Moreover, the results also showed that
university students studying the knowledge management curriculum had
high levels of satisfaction on using infographics a communication tool. It
was concluded the use of infographics contributed to changing learners’
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roles towards more active roles along with helping engage in commu-
nicative activities using infographics as a tool for visual communication
during the learning process.

Vanichvasin (2013) listed various uses of infographics as a visual
learning tool including: presenting the learning content in a concise and
attractive manner; better explaining the content and helping learners
understand and connect it to their prior knowledge; using it as a
learning activity such as case studies or mental maps, using for
presenting various examples of concepts and ideas, and employing it as
a tool to summarize content.

Learning science for deaf students using infographics as a visual learning
tool

Given their special characteristics, deaf students are basically visual
learners, as explained above. (Namukoa, 2014) stated that visual
support tools, such as cognitive maps, graphic organizers, and various
visual tools, are among the most important strategies that can be used
by science teachers when teaching deaf students. (Luckner et al., 2001)
provide various examples of the materials that can be used to promote
deaf students’ learning, such as: job and choice menus; task organizers;
time charts and cards; daily schedules and charts of class rules.
(Luckner et al., 2001: 38) further add that deaf students can better learn
through the design of visually rich learning environments that depend
on: diversifying contact with deaf students using sign language, lip
reading or finger spelling; reliance on technological facilities such as
computers, and visual aids like images, illustrations, graphs, videos, etc.
The results concluded by (Nugroho & Kristiyanto, 2017) pointed out
that the use of visual learning materials has resulted in significant
development of achievement for a sample of deaf primary students in
Indonesia, as documented in the statistically significant differences in
favor of students who studied visual learning materials.

In another study conducted by (Hasanah & Kusumah, 2018) on a
sample of deaf students in Indonesia where data was collected by means of
questionnaires and interviews, it was found that the design of learning
modalities based on visual learning considering the unique characteristics of
deaf students has contributed to the development students’ basic skills of
mathematics learning, in addition to helping them constitute positive
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attitudes towards it. Furthermore, a plethora of previous studies support the
importance of visual representations and tools in improving the performance
and learning of deaf students. For example, the results reached by (Nery &
Batista’s, 2004) study demonstrated positive effect of systematic use of three
visual representations forms (I.e. drawings, photos, and pictures) in the
context of teaching deaf adolescents. This positive effect was explained not
only due to its appropriateness to the needs of deaf students but also by
enhancing these representations with extensive descriptions and by helping
deaf students connect different learning topics of engage in dialogue and
discussion.

Scholars have also devoted a substantial amount of attention to the
importance of using various visual representations of content for helping
deaf students learn, understand, and overcome language difficulties they
face by making them focus on important content and key concepts and
ideas; eliminate extraneous information; and help them in visual under-
standing of the relations among different concepts, the conclusions which
are documented in several studies examining the use of multiple forms of
visual representations such as: concept maps (Nikolaraizi & Theofanous,
2012), maps (Boucher, 2010), Graphic Novels (Smetana, Odelson, Burns &
Grisham, 2009), Graphic representations of sign language (Hoffman &
Wang, 2010), and presentations involving graphics (Prince, 2010). In this
context, infographics can be seen as a form of graphic organizers which,
according to (Luckner et al., 2001: 39), express visual representation of
information and knowledge students have to learn, thus helping them link
their prior knowledge with new concepts and ideas. The main feature of
infographics as a form of graphic organizers is that they help in eliminating
extraneous information (that would cause extraneous cognitive load on
learners) and allow, at the same time, learners to focus on key facts and
concepts and to link various concepts and ideas. In addition, infographics
facilitate the memorizing and retention of information; provide learners
with opportunity to play active roles in their learning (Luckner et al.,
2001); and explain the organization information and ideas introduced. They
can also be used prior to learning (for warming up and activating cognitive
background), and after learning taking place (to conclude main ideas and
link different concepts), and most importantly, they invest the main
strengths of deaf learners on the basis of their sight acuity. The point that
is closely correlated with what have been discussed in the above section
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regarding the pivotal role of visual literacy skills and visual thinking
processes in science learning in general, is that such skills are significant for
deaf students, especially if they are to learn science. Taking advantage of
visual literacy helps deaf students overcome the language barriers using
their visual acuity (Ying, 2008; Olatoye & Aanu, 2010), a finding that is
illustrated by the results of several studies. For instance, a study conducted
by (Nikolaraizi, Vekiri & Easterbrooks, 2013) highlighted the role of
employing multimedia in developing reading comprehension for a sample
of deaf students aging between §-12 years. In particular, the results revealed
that teaching visual literacy skills had mediated the effect of multimedia on
students’ reading comprehension by means of strengthening successful
processing of visual representations and aids provided in multimedia. Based
on these findings, the study concluded the need for systematic development
of visual literacy skills among deaf students so that they could maximize
the potential of the visual approach of learning as a main vehicle for
information acquisition. The authors recommended the need for studies
examining whether direct instruction of these skills can help deaf learners
employ visual learning resources efficiently in different learning situations.

In a study investigating the effect of employing Augmented Reality
Book as a visual learning method for deaf students’ science education,
(Zainuddin et al., 2009) collected data on the development of science skills
by means of observing a sample consisting of 3 middle school deaf students
in Malaysia. The results revealed that employing that method has helped
students learn science by making them able to understand the visual
information provided and visualizing ideas, in addition to enhancing their
ability to communicate visually using sign language and to provide scientific
justification according to the images provided, and help them improve visual
literacy and use it in learning science. In the same vein, the results of a study
conducted by (Nunes et al., 2006) demonstrated that taking advantage of
visual skills would result in improving deaf students’ academic performance.
In this study, it was found that deaf students managed to achieve better
performance in learning mathematics when information was successively
introduced in a visual fashion.

In light of the above, it is concluded that infographics can be used
as a visual learning tool for deaf students that helps them develop and
practice visual thinking processes and visual literacy skills, which are
vital to learning science. In this respect, infographics can be used either
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as a learning tool to read and understand visual representations or as a
communication tool for writing or developing infographics for scientific
communication purposes as illustrated in the following figure.

In conclusion, (Bilbokaitg, 2008: 11) suggests a model for practicing
visual thinking processes in the science education framework that can
be used effectively when employing infographics as a visual tool for
teaching science to the deaf. According to this model, visual thinking
starts when students begin to see. Here, there are three visual thinking
skills: 1- visual recognition that helps learners recognize, decode, store,
and store visualizations; 2- Visual Imagery, which includes several
processes such as: imagining objects in space, reconstructing visual
images based on information encoded in symbols; modeling, retrieval,
selection, planning, drafting, in addition to building mental models,
understanding and learning, thus constructing students’ knowledge; and
3- Visualization: through which students develop visual representations
expressing their scientific ideas and increasing to their ability to
remember what they have learned (Bilbokait,, 2008: 11). Implementing
this model in teaching science for deaf students, the educational use of
infographics should encourage the practice of the above visual thinking
processes through helping students in visual recognition by modeling
cognitive skills and making them practice under the direction of the
teacher. Students should also be helped to use infographics to formulate
mental models of learned scientific knowledge, besides assigning them
with activities aimed at constructing information schemes themselves to
represent their scientific ideas and to understand their relationships.

Reading and
understanding
skills

help

practice

practice

need include

Wisual thinking
processes;
Visual literacy
skills

Visual requires —
learning education

tools

help

Writing and
communication
skills

Figure 1: a conceptual framework for the role of infographics as a visual learning tool in
the science education for deaf students (developed by the researcher).
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Challenges of using infographics in education

As in any instructional approach, the benefits of implementing
infographics are associated with challenges and difficulties. The first
challenge is that professional design and development of infographics
requires specialized programs such as Photoshop, CorelDraw, Illustra-
tor and InDesign, which can be problematic for teachers because many
lack the skills necessary to use this advanced type of software (Taspolat
et al., 2017).

The empirical study conducted by (Ozdamli & Ozdal, 2018) on a
sample of Turkish teachers with the purpose of examining their
experience in the use of infographics has concluded a number of
challenges teachers face within the use of infographics including: time
restrictions that impede the effectiveness of infographics design; the fact
that infographics require a great deal of creativity by teachers; as well
as the difficulty in finding visualizations and images that fit the
particular subjects.

Similarly, the results of (Fadzil, 2018) study on a sample of
prospective teachers identified some difficulties within infographics
design, most notably were: requiring a great deal of time and effort in
their development, in addition to a high degree of proficiency in skills
to use infographics development software. The development and
production of infographics require a great deal of brainstorming,
thinking about the audience of learners, the concepts to be delivered,
and the best ways to communicate these concepts through infographics
(Fadzil, 2018:16).

On the other hand, textbooks used in teaching science are still
ignoring the appropriate use of infographics, which is often shallow and
restricted even for textbooks tailored for science education to deaf
students. For example, the results of (Noh & Son, 2014) study that
analyzed the content of secondary stage physics textbooks in South
Korea concluded that physics books do not provide rich infographics
but rather limited to some minor visualizations.

Instructional design of Infographics in the context of science education for
deaf students

Ruottinen (2014: 11) argues that despite the importance of info-
graphics as a learning tool, when are not designed appropriately they
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may be misunderstood and could lead to negative influence on learning.
Instructional design of Infographics involves the integration of several
components like as shapes, symbols, images, graphic representations
and verbal content, which are used individually or in combination to
transfer information visually (Ozdamli & Ozdal, 2018: 1199). It is
critical to comply to visual design principles that affect the content and
the form of infographics along with their influence on appearance and
quality of the educational value of infographics as learning materials
(Ruottinen, 2014: 2).

Taspolat et al. (2017) identified four key phases for the develop-
ment of infographics: 1- Develop a plan: in this phase the focus is on
the purpose and content of infographics, as well as on the context,
structure and script of infographics; 2- Initiate Design: the actual design
process is initiated according to the predefined plan. Specialized
programs and online tools are used to translate the plan into actual
design. Consideration should be taken in this phase to some of the
specifications that must be met in the information provided should such
as: simplicity, conciseness, visual clarity and highlighting the relation-
ships among information; 3- check: this phase includes an initial
assessment of infographics in terms of how visualization and content
are introduced, whether there are errors, or redundant information; and
finally 4- Conclusion: where the infographics are completed and
disseminated.

Finally, (Fadzil, 2018) and (Krauss, 2012) cited a nine-step
approach to infographics design. These are: identifying a science
curriculum subject to design. relevant infographics; setting educational
goals of using infographics; developing a summary or flow map that
defines infographics agenda; laying out the plan using infographics
design software; evaluating information in terms of accuracy and
relevance; determining the best method for information visualization;
selecting fonts, colors and appropriate design elements; evaluating
infographics and obtaining feedback; and considering issues of property
rights and documentation.

Moreover, principles or criteria to be considered when designing
infographics are given front-page attention in the literature. For instance,
in a study conducted (Ozdamli & Ozdal, 2018) with the purpose of
identifying the considerations of good instructional design of infographics
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used for teaching from the perspectives of a sample of teachers and
students in Turkey, results derived from semi-structured interviews and
survey questionnaires documented a set of infographics instructional
design requirements from teachers’ points of view, namely: considering
the characteristics of the target learners; involving a clear scenario or
organized structure; focusing on instructional objectives; being linked to
content; consistency with visual design principles; to be attractive;
provision of reliable and up-to-date information; simplicity, clarity and
ease of understanding; drawing the attention of learners to important
information; summarizing the main ideas of learned topics; teachers in
charge of design should have adequate knowledge of the content
introduced in infographics; including a preliminary preparation stage
prior to actual use; not to be poorly designed to avoid multiple
interpretations by students; to be free from extraneous or unnecessary
information and data; and considering the opinions of experts in design.

The results of a (Yashodharakumar, Venkatesan & D’Souza’s,
2017) study identified some significant considerations for infographics
design from the perspectives of prospective teachers, these are: to be
interesting graphically; to stand on an organized and appropriate
structure; to involve in-depth information and accurate content; and to
enable students should to identify the main idea at first glance. In the
review by (Naparin & Saad, 2017), a set of considerations have been
identified within infographics design for educational purposes, includ-
ing: attention to the structure above all, taking into account the
accuracy, depth of information and its function, and thinking about the
aesthetic form. Likewise, Vanichvasin (2013) lists three key considera-
tions for infographics design as a visual learning tool, namely: appeal:
that means devoting students’ interest, attention and involvement in
learning; help understanding: to provide information in an understand-
able and comprehensible manners to students; and assisting in reten-
tion: to make learning content easier to memorize and retain.

Asbi (2015: 20-21) suggested some guidelines for the appropriate
design of instructional infographics, these are: 1- developing streamlined
constructive structures that integrate with one another to help simplify
and facilitate understanding of the information provided; 2- selecting a
color system that helps readers visually connect ideas and devotes the
reader’s attention without distraction; 3- choosing the appropriate
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graphics, whether objective thematic, or referencing graphics; 4- info-
graphics designer should be aware of the data presented so that he can
organize and connect them sequentially; and 5- stimulating the reader to
infer conclusions, which motivates the realization of the mind and
increases the linkage of information with each other.

In the same vein, (Krauss, 2012: 13) identifies some simple
principles of infographics design including: providing a context for
information introduced in infographics by designing it to tell a story; to
be clear; to rely on reliable and valid data; and to attract students’
attention. In the attempt to develop a standards-based instrument to
assess the instructional design of infographics for learning purposes,
(Nuhodlu Kibar & Akkoyunlu’s, 2017) study managed to determine a
set of key criteria with their sub-indicators as follows; generating
content criteria; visual design development criteria of the big picture;
visual design development criteria of the texts; and visual design
development criteria of colors and visualizations.

It is worth observing that in light of literature review and according
to the best knowledge of the researcher, specific criteria for instructional
design of infographics used in teaching deaf students have never been
introduced, a gap to be filled in the following paragraphs:

@ The title 1s well-suited to the content.

@ Reduction of the verbal or textual contents as much as possible to
take into consideration the linguistic difficulties experienced by deaf
students.

o Employing familiar symbols for deaf students.

e Helping and encouraging deaf students to employ visual thinking
processes and visual literacy skills in understanding and visualizing
scientific concepts.

® The design of infographics should contribute to highlighting the
diverse relationships among phenomena, concepts and scientific
principles, especially cause and effect relationships.

@ Providing deep content and advanced scientific ideas, rather than the
mere repetition of superficial ideas that students have already
mastered.
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o Infographics should be formulated in a narrative or storytelling
format that presents a particular position or idea.

e Consistent use of elements such as colors and shapes across info-
graphics.

@ Ensuring that design helps manage the cognitive load appropriately.

e Infographics should include examples from the authentic to deaf
students to help them apply what they have learned.

The following is a highlight of a cohort of suggested infographics
design principles tailored to deaf students that are based on cognitive
load (Sweller, 2010) and multimedia learning (Mayer, 2009) theories:
eliminating information irrelevant to key scientific ideas and concepts;
bringing about convergence of words and associated visualizations;
highlighting key ideas and concepts compared to the whole text;
highlighting linkages among different concepts and ideas; progression in
presentation from simple to complex; and ensuring that visualizations
are not repetition of texts but rather complementary to each other. So
far, question 3 of the study has been answered.

Pedagogical approaches and practices for the integration of infographics
in teaching science for deaf students

The value of modern and innovative instructional technologies and
materials does not lie in their use per se, but rather in the way they are
used in light of the recent educational studies. Thus, it is important to
address the teaching approaches through which infographics can be
used to prime active learner-centered learning processes in teaching
science for deaf students. The educational use of infographics should
contribute to developing the skills required to the use of a various set of
visual representations, including mental maps, concept maps, graphs,
tables, and charts. Infographics would also lead to developing infor-
matics literacy, as well as enhancing learners’ ability to access compli-
cated information, analyze, organize, and using it in other contexts
(Ruottinen, 2014).

An example of the educational employment of infographics in
teaching science is provided by (Damyanov & Tsankov, 2018) in their
study that investigated the use of infographics as a modeling tool in the
context of science instruction. Infographics were employed as a method
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for modeling scientific phenomena and concepts with the purpose of
developing many cognitive skills such as interpretation, analysis, evalua-
tion, and reasoning, which are integral parts of modeling processes. In
order to this, the study utilized a cohort of relevant tasks, including:
modeling tasks using infographics, coding information from one model
to another, comparative tasks for modeling meaningful abstractions,
generalization tasks for modeling gender relationships, and evaluation
tasks to model cause and effect relationships.

In a similar vein, Gebre (2017) suggested an educational approach
based on scaffolding learning for teaching science by means of
infographics. According to this approach, secondary school students
were assigned to work collaboratively in the classroom to develop
infographics for two purposes: knowledge representation and applying
what they have learned in authentic learning contexts; and to use these
infographics in evaluating students’ understanding of the scientific and
concepts notions delivered.

Moreover, (Lamb et al., 2014) proposed an interesting instructional
approach for the educational use of infographics in teaching science,
called visual read-aloud approach. According to this approach, info-
graphics are introduced in science course. The teacher, then, visually
reads-aloud the content of infographics explains and models for
students how to read data involved in infographics and how to under-
stand and interpret the meaning behind these data, as well as raising
questions to provoke discussion.

Another example of the educational utilization of infographics is
presented by (Omar, 2016) in his study that proposed a strategy for
using infographics in which four main procedures are applied, these are:
1- considering the objectives and uses of infographics with students; 2-
helping students explore infographics within their work in small flexible
groups according to their needs and preferences, in addition to practi-
cing specific activities to explore infographics; 3- interpretation of
infographics: through dialogue and discussion in groups, students
attempt, under the guidance of the teacher, to interpret and explain
infographics, while the teacher seeks to ascertain the accuracy of the
students’ conclusions about the targeted scientific concepts; and 4-
evaluating the learning of scientific concepts through infographics: this
would take place by means of a set of oral and written questions to
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make sure that students comprehend and understand the scientific
content and that the learning objectives of infographics have been
achieved. This process takes the form of a circle in which the eventual
use of infographics at the end of the lessons serve as a beginning of
another one.

Sommer et al., (2016) introduced a collaborative approach for using
infographics in developing scientific literacy in informal learning environ-
ments. The suggested approach has been implemented on secondary
school students who were encouraged to engage in the process of
infographics production regarding scientific information in an informal
learning environment. The design considered to be applied collabora-
tively, where students should represent the scientific knowledge asso-
ciated with news published in the form of infographics according to
specific rules they have been trained on. Results revealed that the
approach had a positive impact on increasing the levels of students’
scientific literacy in addition to improving their literacy in (STEM).

Krauss (2012: 12) introduced an instructional approach for employ-
ing infographics in teaching as a tool aimed to develop interpretation and
creativity skills. Interpretation is developed through the introduction of
infographics requiring learners to understand different types of relation-
ships among the main concepts of content; to develop their critical skills
by providing various visualizations such as graphs, maps, etc.; and to
help students understand the infographics’ intentions to develop their
information literacy to be capable of comprehending the purposes behind
the introduction of various infographics. Creativity, on the other hand, is
developed training students to visualize data by assigning them to
produce infographics on their own; to develop students’ ability to
represent important scientific and statistical data and to highlight their
relationships through their schemes; and to train students to develop
infographics that provide valid and accurate information.

It is argued that the use of infographics in teaching science for deaf
students should proceed in accordance with bases derived from con-
temporary educational ideas that call for learning to be learner-centered
where students play active roles. The use of infographics should
contribute to changing the conventional roles played by students and
teachers. For instance, the results of a study conducted by (Vanichvasin,
2013) revealed that the use of infographics in teaching students has
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contributed to making students more interactive, engaging in thinking,
as well as being more integrated and involved in the classroom and
more able to communicate their ideas and understanding. It was also
concluded that the use of infographics contributed to the transfer of
teacher’s role from the source of information to the facilitator of
students’ learning.

The previously cited approaches can, thus, be considered appro-
priate and useful if applied in the science instruction for the deaf
students. Prior to the use of infographics in teaching deaf students,
however, this should be well prepared by means of clarifying the
objectives of infographics use and the idea on which they are based,
providing intensive training for students on visual literacy skills and
increasing their ability to understand and interpret information involved
in infographics, as well as training them on producing simplified
infographics for use in learning and assessment. Infographics can be
used as well as an assessment tool for deaf students’ learning by
assessing students’ ability to extract and use information delivered in
infographics in other contexts, or identifying the extent to which
students can link and organize their ideas, concepts and knowledge. By
the end of this section, question 4 of the study has been answered.

Recommendations of the study

® Work to promote science textbooks for deaf students with an
appropriate level of infographics to help in visual learning of science.

@ Incorporating a large number of infographics of various subjects and
scientific concepts in teachers of deaf students’ guides to encourage
them to design and use infographics in science instruction.

@ The adoption of infographics design standards and principles intro-
duced in the present study as a basis for designing infographics
appropriate for the characteristics of deaf students.

e Providing specialized programs for professional development pur-
poses tailored to teachers of deaf students to help them use different
types of infographics in science instruction.

e Science curriculum for deaf students need to involve an implicit
training on visual thinking, visual literacy, and informatics literacy
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skills in light of the paramount importance of these skills in helping
students use visual learning approach and taking advantage of
various visual representations.

Suggested research

Research on infographics and its use in learning are generally

considered relatively modern fields, which may need further investiga-
tion. There is a dearth of research as well on the use of infographics
with deaf students. In this regard, it is suggested to conduct the
following research and studies:

1 -

Mixed methods study exploring the effect of using infographics on
the development of scientific concepts and attitudes toward science
among deaf students.

The effect of deaf students’ training on visual literacy skills
through an infographics-based- strategy on the development of
science processes skills.

Relative effectiveness of multiple patterns of infographics (static,
motion, and interactive) on developing science achievement for
deaf students.

A qualitative study on deaf students’ teachers’ perceptions and
experiences regarding the use of infographics as a tool for visual
learning of science.

The effect of a suggested program based on infographics on the
development of informatics literacy and its applications in learning
science for deaf students.

@ Volume 35



THE EDUCATIONAL JOURNAL No. 138 P2 March 2021

S miaed! il BIDE (hadl o> il il ghall cullatasell
el des) 33 1l S| S 2 glald

Oldasll wesme ddle .
o dnsly = ¥y 4yl 248
Aogadll

u.a:'J.J‘

& pos BIuls duiilo glat) cillabadd) Bald o5 adas (e ALSY () dal judl 03 Cidun
plad Glaaad s counipl Saghl 138 Galad pjliul g cpuall CMall g glad) aladl
§ plasl! &y ey Blls diilaglat) ollabdd) aalud (f gSay S Glug puall pglad
Slbbal  caslaill asacill ubles ooy obuaill oda e aas o calddl
Ll glat) Sillaladt) Ak gif Lsaslaill JAlakl g cauall a glall aslail Allad &uile glas
Jo olaie Y1 a3 dul jall laal Galaily . auall GOl (sal p plall (5 puasll alaill 3lis
Blaad) Slaad jull g Slasol) Jalaly daalye Jo aSlil st us gl Eal e
Ll joll el Caiang A plaS A oy Aualpall Al fo Sllayly HSEYI 7 Ly
Gy JAlull Jo slaied) poliudy pall polall plad Sbuas Gs sasal agag
Lo plad) cllabadbf (f LA &)y LaS L dibe glat) Sillaladt) Jio (uludfls alaill
Juai¥) Jo pgiaslueg puall Jo pglall atail dlad &y juas 31 Llias (955 of (Sas
P Glles dwjlas o oMl Suslus 3 Wiealus OB (o clliy ¢ galal
Tolienl g .o gladl alad 3 aulas ¢y Se Lilias aad Gl (5 puaall 530l &l lgay 5yl
Sllabiall caslail asanaill yules o aas waad a3 bl jall (o wsasll daal o )
Sllaladd) Gl g3 &ga il JANL (3o sas wsaady auall aglall aslail diile glat)
paasci fo puall palas Jass O dusdpull Cuogiy puall pylall e § &b slatl
Loy gl g Jalad B35 p glad adadl & puay SIS duilsplad) Sillaladt) a3 g
Aladicd i e AL Liayl malll dalide dulyy slyal I/ aly . didis

Ll OOl () AALALS alatll el gh daald 3 duileglat) cillaladt

(a5l s aadl SE el alas doleglall clball Al Slaky
el O

Volume 35 @




Dr. Aliah Alatyaat

REFERENCES

Aberek, M. K. (2008). Visual literacy-one of 21st century literacies for
science teaching and learning. Problems of Education in the 21st
Century, 5.

Adesokan, A., & Reiners, C. S. (2016). Teaching Material to Introduce
Students with Hearing Loss to Scientific Reasoning and Working:
A Contribution to the Development of Inclusive Chemistry Educa-

tion. In Insights from Research in Science Teaching and Learning
(pp-. 253-269). Springer, Cham.

Akhmad, R., Sugandi, D., & Nandi, N. (2011). Infographic Design as
Visualization of Geography Learning Media. In IOP Conference
Series: Earth and Environmental Science, 145(1), p. 012011. 10OP
Publishing.

Akram, B., Mehboob, R., Ajaz, A., & Bashir, R. (2013). Scientific
concept of hearing and deaf students of grade VII. Journal of
Elementary Education, 23(1), 1-12.

Almunive, W., & Alshammari, A. (2018, March). Toward A Frame-
work for Designing and Developing Educational Infographics. In
Society for Information Technology & Teacher Education Interna-
tional Conference (pp. 288-292). Association for the Advancement
of Computing in Education (AACE).

Andrews, J. F. (2017). Teaching Science to Deaf Students: Language
and Literacy Considerations. Lecture to students and faculty at
Universidad Federal Fluminera. Uploaded on line.

Asbi, Sh. A. (2015). The Influence of Using the Infographic Strategy on
Grade Five Students Achievement, Attitude Toward Science and
Motivation for Learning It. (Doctoral dissertation).

Banulnanc, U. D. (2014). Data visualization and infographics in visual
communication design education at the age of information. Journal
of Arts and Humanities, 3(5), 39-50.

Bilbokaité, R. (2008). Analysis of visual thinking meaning in science
education. Problems of Education in the 21st Century, 4.

@ Volume 35




THE EDUCATIONAL JOURNAL No. 138 P2 March 2021

_______________________________________________________________________________________________________|

Boucher, M. J. (2010). Maps: developing critical thinking skills for deaf
students in a social studies curriculum. (Doctoral dissertation, UC
San Diego).

Bradshaw, M. (2018). Utilization of Infographics in the EKU Class-
room. Encompass: a digital archive of Research, Creative work
and History at the Eastern Kentucky University. Published online.

Bradshaw, M. J., & Porter, S. (2017). Infographics: A new tool for the
nursing classroom. Nurse Educator, 42(2), 57-59.

Chen, X., Dipinto, V.M. & Newman, M. (2017. Teachers’ visual literacy
practices in middle and high school science classroom. Digital
Commons, National Louis University.

Cooke, M. L. (2011, December). Hands-on earth science with students
at schools for the Deaf. In AGU Fall Meeting Abstracts.

Cooper Matthews, S. (2016). Instructional design for deaf students: An
experimental study of multimedia instruction and cognitive load
(Order No. 10306943). Available from ProQuest Dissertations &
Theses Global. (1867041905).

da Fonseca Flores, A. C., & Rumjanek, V. M. (2015). Teaching science
to elementary school deaf children in Brazil. Creative Education,
6(20), 2127.

Damyanov, 1., & Tsankov, N. (2018). The Role of Infographics for the
Development of Skills for Cognitive Modeling in Education.
International Journal of Emerging Technologies in Learning (iJET),
13(1), 82-92.

Davidson, R. (2014). Using infographics in the science classroom. The
Science Teacher, 81(3), 34.

de Oliveira, A. S., da Silva, A. C. A., Brondani, P. B., Voigt, M. G. A.,
Maass, P. S., Junior, M. R., & Giese, E. (2016). Infographics and
Pericyclic Reactions: Multimodal Resources in Teaching of Organ-
ic Chemistry. Creative Education, 7(15), 2163.

Dur, B. I. U. (2014). Data visualization and infographics in visual
communication design education at the age of information. Journal
of Arts and Humanities, 3(5), 39.

Dyjur, P., & Li, L. (2015). Learning 21st Century Skills by Engaging in
an Infographics Assessment. Retrieved from http://dspace.ucalgar-
y.ca/handle/1880/50860

Volume 35 @




Dr. Aliah Alatyaat

. _________________________________________________________________________________|

Fadzil, H. M. (2018). Designing infographics for the educational

technology course: perspectives of pre-service science teachers.
Journal of Baltic Science Education, 17(1).

Fridman, L. (2018). Examining the affordances and constraints of using
infographics in pre-service teacher education (Doctoral dissertation).

Galyas, L. C. (2016). Effects of direct instruction of visual literacy skills
on science achievement when integrated into inquiry learning. New
Mexico State University.

Gebre, E. (2017). Assessing Student Generated Infographics for Scaf-
folding Learning with Multiple Representations. Philadelphia, PA:
International Society of the Learning Sciences.

Hasanah, A., & Kusumah, Y. S. (2018). Visual communication-based
mathematics learning material for deaf students. Journal Pengajar-
an MIPA, 22(2).

Hassan, H. G. (2016). Designing Infographics to support teaching
complex science subject: A comparison between static and ani-
mated Infographics. (Doctoral dissertation, lowa State University).

Hidayat, L., Gunarhadi, G., & Hidayatulloh, F. (2017). Multimedia
based learning materials for deaf students. European Journal of
Special Education Research, 2(3), 77-88.

Hoffman, M., & Wang, Y. (2010). The use of graphic representations
of sign language in leveled texts to support deaf readers. American
Annals of the Deaf, 155(2), 131-136.

Jones, L. (2014). Developing deaf children’s conceptual understanding
and scientific argumentation skills: A literature review. Deafness &
Education International, 16(3), 146-160.

Kibar, P. N., & Akkoyunlu, B. (2014). A new approach to equip
students with visual literacy skills: Use of infographics in educa-
tion. In: European Conference on Information Literacy (pp. 456-
465). Springer International Publishing.

Kibar, P. N., & Akkoyunlu, B. (2015, October). Searching for Visual
Literacy: Secondary School Students are Creating Infographics. In
European Conference on Information Literacy (pp. 241-251).
Springer, Cham.

Krauss, J. (2012). Infographics: More than Words Can Say. Learning &
Reading with Technology, 39(5), 10-14.

@ Volume 35




THE EDUCATIONAL JOURNAL No. 138 P2 March 2021

Lally, S. (2016). Five reasons to use infographics in online training.
Professional Safety, 61(6), 26.

Lamb, G. R., Polman, J. L., Newman, A., & Smith, C. G. (2014). Science
news infographics: Teaching students to gather, interpret, and
present information graphically. The Science Teacher, 81(3), 29.

Luckner, J., Bowen, S., & Carter, K. (2001). Visual teaching strategies
for students who are deaf or hard of hearing. Teaching Exceptional
Children, 33(3), 38-44.

Lyra, K. T., Isotani, S., Reis, R. C., Marques, L. B., Pedro, L. Z.,
Jaques, P. A., & Bitencourt, 1. I. (2016). Infographics or Graphics+
Text: Which Material is Best for Robust Learning?. arXiv preprint
arXiv:1605.09170.

Marabella, A. (2014). Communication Theories: An Infographics
Development Project. Doctoral dissertation, Southern Utah Uni-
versity.

Martix, S., & Hodson, J. (2014). Teaching with Infographics: practicing
new digital competencies and visual literacies. Journal of Pedagogic
Development, 4(2).

Mayer, R. (2009). Multimedia Learning, (2™ ed.). New York: Cam-
bridge University Press.

McGrath, M. B., & Brown, J. R. (2005). Visual learning for science and
engineering. IEEE Computer Graphics and Applications, 25(5), 56-
63.

Naidoo, S. S. (2008). Science education for deaf learners: educator
perspectives and perceptions. Master Thesis, School of Education,
University of Witwatersrand, Johannesburg, S. Africa.

Namukoa, A. W. (2014). Teacher Practices in Science Literacy Instruc-
tion for Learners who are Deaf or Hard of Hearing in Kenya.
(Doctoral dissertation, University of Alberta).

Naparin, H., & Saad, A. B. (2017). Infographics in education: review
on infographics design. The International Journal of Multimedia &
Its Applications (IJMA) 9, No.4/5/6, December 2017.

Nash, S. (2015). Optimizing Knowledge Transfer between Geologists
and Engineers: Infographics as Working Memory Boosters and

Volume 35 @




Dr. Aliah Alatyaat
_______________________________________________________________________________________________________|
Engagers for Learning.
Retrieved from: http://www.searchanddiscovery.com/pdfz/docu-
ments/20 15/70201nash/ndx nash.pdf.html

National Research Council [NRC] (2012). A Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core
Ideas. Washington, D.C.: The National Academies Press.

Nery, C. A., & Batista, C. G. (2004). Visual images as pedagogical
resources in the education of a deaf teenager: a case study. Paidéia
( Ribeirlo Preto), 14(29), 287-299.

Nikolaraizi, M., & Theofanous, M. (2012). The Strategical Use of
Concept Maps in Reading Comprehension of Students Who are
Deaf. Conference on Concept Mapping. University of Malta,
Valetta, Malta, pp. 406-413. ISBN 978-99957-0-309-7.

Nikolaraizi, M., Vekiri, 1., & Easterbrooks, S. R. (2013). Investigating
deaf students’ use of visual multimedia resources in reading
comprehension. American Annals of the Deaf, 157(5), 458-73.

Noh, M., Shamsudin, W. N., Nudin, A. L., Jing, H. F., Daud, S. M.,
Abdullah, N. N. & Harun, M. F. (2015). The Use of Infographics
as a Tool for Facilitating Learning. In International Colloquium of
Art and Design Education Research,(i-CADER 2014), (pp. 559-567)
Springer Singapore.

Noh, S. M., & Son, J. (2014). An Analysis of the Infographics Features
of Visualization Materials in Section Information and Communica-

tion of Physics I Textbook. Journal of The Korean Association for
Science Education, 34(4), 359-366.

Nugraheni, P. P., Salim, A., & Sunardi, S. (2017). The effectiveness of
self-directed learning by using group worksheet in science subjects
for hearing impaired students. European Journal of Special Educa-
tion Research, 2(4).

NuhoKibar, P., & Akkoyunlu, B. (2017). Fostering and assessing
infographic design for learning: the development of infographic
design criteria. Journal of Visual Literacy, 36(1), 20-40.

Nunes, T., Bryant, P., & Pretzlik, U. (2006, August). Using deaf
children’s visual skills to promote mathematics learning. In Poster
presented at the ISSBD Biennial Meeting (pp. 1-5).

@ Volume 35




THE EDUCATIONAL JOURNAL No. 138 P2 March 2021

_______________________________________________________________________________________________________|

Olatoye, R. A., & Aanu, E. M. (2010). Locus of Control, Interest in
Schooling and Science Achievement of Some Deaf and Typical
Secondary School Students in Nigeria. Journal of the American
Academy of Special Education Professionals, 89, 99.

Omar, A. M. (2016). The effectiveness of a proposed strategy based on
anaphroscopic acquisition of scientific concepts and the develop-
ment of visual thinking skills and enjoyment of science learning
among students in the fifth grade primary. Journal of Scientific
Education 19, 207 - 268.

Ott, C., Robins, A., & Shephard, K. (2014). An infographic to support
students’ self-regulated learning. Proceedings of the 14th Koli Call-

ing International Conference on Computing Education Research
(177-178).

Ouf, Gh. M. (2018). Employing infographic art in the education
process. International Design Journal, 7(2), 189-200.

Ozdamli, F., & Ozdal, H. (2018). Developing an Instructional Design
for the Design of Infographics and the Evaluation of Infographic
Usage in Teaching Based on Teacher and Student Opinions.
EURASIA Journal of Mathematics, Science and Technology Educa-
tion, 14(4), 1197-1219.

Plough, J. M. (2004). Students using visual thinking to learn science in a
Web-based environment. A PhD. Dissertation, Drexel University,
Philadelphia, Minnesota.

Prince, L. (2010). Teaching the Deaf Using PowerPoint: Enhance
Lessons with Great Graphics. Lectureship and Summit Audio
Collection. 705.

Ross, A. D. (2017). Examining Deaf Students’ Equitable Access to
Science vis-a-vis Contemporary Pedagogical Practices. ProQuest
LLC, Ph.D. Dissertation, State University of New York at
Buffalo.

Ru, G., & Ming, Z. Y. (2014, September). Infographics applied in
design education. In Advanced Research and Technology in Industry
Applications (WARTIA), 2014 IEEE Workshop on (pp. 984-986).
IEEE.

Volume 35 @




Dr. Aliah Alatyaat
. _________________________________________________________________________________|
Rueda, R. A. (2015). Use of Infographics in virtual environments for

personal learning process on Boolean algebra. Vivat Academia, 18
(130), 37-47.

Ruottinen, A. R. (2014). Visual Design in the Creation of Educational
Infographics: Case Study of Designing Infographics for E-learning.
Bachelor’s thesis. Retrieved from http://theseus32-kk.lib.helsinki.fi/
handle/10024/72962

Shanks, J. D., Izumi, B., Sun, C., Martin, A., & Byker Shanks, C.
(2018). Corrigendum: Teaching Undergraduate Students to Visua-
lize and Communicate Public Health Data with Infographics.
Frontiers in Public Health, 5, 363.

Smetana, L., Odelson, D., Burns, H., & Grisham, D. L. (2009). Using
graphic novels in the high school classroom: Engaging deaf
students with a new genre. Journal of Adolescent & Adult Literacy,
53(3), 228-240.

Sommer, S., Graville-Smith, C., Hinojosa, L., & Polman, J. (2016).
Iterative Curricular Design of Collaborative Infographics for
Science Literacy in Informal Learning Spaces. Singapore: Interna-
tional Society of the Learning Sciences.

Sudakov, I., Bellsky, T., Usenyuk, S., & Polyakova, V. (2014). Mathe-
matics and Climate Infographics: A Mechanism for Interdisciplinary
Collaboration in the Classroom. Retrieved from http://arxiv.org/
abs/1405.6435

Suzak, M. G. (2017). Improving visual data literacy skills of high school
earth and space science students by weekly data analysis curriculum.
Master of Science.

Sweller, J. (2010). Element interactivity and intrinsic, extraneous, and
germane cognitive load. Educational Psychology Review, 22, 123-
138.

Tamilarasi, B., & Ushalayaraj, D. (2017). Study Habits & Learning
Difficulties of Hearing Impaired Students. International Journal of
Scientific Research, 5(10).

Taspolat, A. Kaya, O.S.; Spanca, H.F.; Beheshti, M. & Ozdamli, F.
(2017). An Investigation toward Advantages, Design Principles
and Steps of Infographics in Education. International Journal of
Sciences and Research, 73(7), 157-166.

@ Volume 35




THE EDUCATIONAL JOURNAL No. 138 P2 March 2021

Toth, C. (2013). Revisiting a genre: Teaching infographics in business
and professional communication courses. Business Communication
Quarterly, 76(4), 446.

Vanichvasin, P. (2013). Enhancing the quality of learning through the
use of infographics as visual communication tool and learning tool.
In Proceedings ICQA 2013 International Conference on QA Culture:
Cooperation or Competition (p. 135).

Vosganoff, D., Paatsch, L. E., & Toe, D. M. (2011). The mathematical
and science skills of students who are deaf or hard of hearing
educated in inclusive settings. Deafness & Education International,
13(2), 70-88.

Wang, Y. (2011). Inquiry-based science instruction and performance
literacy for students who are deaf or hard of hearing. American
Annals of the Deaf, 156(3), 239-254.

Yashodharakumar, G. Y., Venkatesan, S., & D’Souza, L. (2017).
Mechanical Comprehension Ability in Children with Learning
Disabilities and Hearing Impairments-A Comparative Study. Jour-
nal of the Indian Academy of Applied Psychology, 43(1), 59.

Yildirim, S. (2016). Infographics for Educational Purposes: Their
Structure, Properties and Reader Approaches. TOJET: The Turk-
ish Online Journal of Educational Technology, 15(3).

Zainuddin, N. M. M., Zaman, H. B., & Ahmad, A. (2009). Learning
Science Using AR-Book by Blended Learning Strategies: A Case
Study on Preferred Visual Needs of Deaf Students. Journal of
Educational Technology Development and Exchange, 9(2), 5-20.

Zakia, D. L., Sunardi, S., & Yamtinah, S. (2017). The study of visual
media use on deaf children in science learning. European Journal of
Special Education Research, 2(2), 105-115.

Volume 35 @






