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ARTICLE INFO ABSTRACT
Visualization of data has recently gained great importance in
Studies and Articles education and use of infographics is regarded as an important tool in
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mathematics to individuals with mathematical learning difficulties. This
UDK is a qualitative study in which document analysis was used the collect the
371.3::51]:004 data. Results provided information about the definition of infographics,
effectiveness of using infographics in education and facilitative role of
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1. INTRODUCTION evaluate, annotate knowledge and establish

communication. Through the data visualiza-

Visualization is an effective method for tion, learner has the opportunity of making
learners to understand complicated knowl- data more accessible, understandable, improv-
edge in learning-teaching process (Keller and able and manageable (Tong and Bakan, 2016).
Tergan, 2005). Accordingly, data visualization Graphic organizers, draft drawings, picto-
is a strategy to make the data visible, available ~8rams, concept maps and simulations come

ing and constituting visual data have become a
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@ olalo) can reach more students. This kind of strategy
By G D includes visualizing concepts and knowledge
This work is licensed under a Creative Commons Attri-  with graphical symbols. Ware and Bobrow
bution - NonCommercial - NoDerivs 4.0. The article is  (2005) indicated that it is important to repre-
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such as mental imaging and external represen-
tatives including real objects, printed materi-
als, video, graphics, movie and animation.

Learners frequently experience difficul-
ties in learning conceptual knowledge and un-
derstanding multifaceted external knowledge
(Chen and McGrath, 2005). In learning envi-
ronments, it is aimed to facilitate and improve
performance of learners through visualizing
the data with various methods, techniques
and strategies of technology. Nowadays,
educational environments are changed and
supported by various tools through techno-
logical advances. Teaching process is carried
out with instructional activities and materials
which transform information. Educational en-
vironments constituted with technology have
led instructional activities to be carried out
through computer and the internet. In recent
years, digital worlds are formed and every do-
main of life has begun to benefit from various
technologies.

One of the ways of presenting the data
is visuals. Visuals are crucial in organizing
the data and viewing a specific situation. For
this reason, it is really important to visualize
the data and use visuals in teaching environ-
ments. One of the visuals used in presenting
the data is graphics (Bulduk, 2016). Graphics
enables to visualize the data for comparing
the data with an existing one. Furthermore,
today’s learning approach has revealed an ef-
fective way for presenting single dimensional
data presented by classical graphics. This way
is enabled by infographics and infographics as
new materials is used to locate data in a de-
sired context within certain information flow.
Therefore, excessive amount of information
can be presented with too little explanation.
Infographics involves many components such
as images, graphics, charts, texts and flow-
charts. Based on its construct, infographics
presents the data in a logical sequence and it
emerges as an alternative structure for narra-
tive texts about a specific subject through this
feature. Infographics involves many compo-
nents used in data visualization and it enables
to present the data in different visual formats.
It is seen that infographics has become one of
the trends in today’s learning approach (Wil-
liams, 2002).

There are various ways to present data.
According to Weinschenk (2012), stories help
learners to understand the data and establish
cause and effect relationship and infograph-
ics enables to use the data through visualizing
and presenting the data as a story. Transform-
ing information and establishing communica-

tion is quicker and easier through infograph-
ics since brain analyzes the data composed of
images at once but it is longer to understand a
text (Smiciklas, 2011).

Infographics are defined as visualiza-
tion of data in a way that audience can learn
complicated data easily and consume rapidly.
Data involve images, motion and audio to turn
into a meaning. At this point, it is important
for the data to be accurate and definite. Flex-
ible structures, enabling to visualize the data
and having alternative forms are some advan-
tages of infographics (Schroeder, 2004). The
innovative aspect of infographics is the use of
various components in presenting information
and understanding of constructing the content
(Dick, 2013). In addition, there are various
software applications developed for construct-
ing infographics including Adobe Photoshop,
[lustrator, and Corel Draw. In order to pre-
pare an effective infographics, it is required to
organize the data and flow well. In this way,
clear and understandable infographics which
presents necessary information in an effective
way are prepared. Infographics can be present-
ed to serve for different instructional objec-
tives. It is easy to remind existing knowledge,
show relationship between concepts, explain
processes and events, present lecture content
and summarize the information through info-
graphics (Meeusah and Tangkijviwat, 2013).

It can be considered that use of visual
design principals made infographics more at-
tractive. Visual design and presentation of the
data are two important factors for constitut-
ing infographics in an effective way. For this
reason; finding, analyzing and using the data
gain more importance. Instructional models
are important in preparing infographics. Ac-
cording to Davis and Quinn (2013), there
are several steps considered when preparing
infographics and these steps are provided in
Figure 1. As it can be seen from the figure,
the first step is to determine the objective. It
is important to identify a specific objective for
preparing infographics. The second step is to
determine the type of infographics to use. In
the third step, it is aimed to prepare infograph-
ics in a way that learners would understand
easily. Lastly, it is important to make decision
on which of infographics would be used in
presenting the data. This step is crucial since
choosing the right components would make
the content easier to understand and learn.
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Figure 1. Preparation steps for info-
graphics, Davis and Quinn (2013)

Through the use of infographics, indi-
viduals can learn information in an organized
way and therefore a basis for schemas can be
constituted in individuals’ minds. Infograph-
ics are digital graphics and its use in educa-
tion increase day by day. Infographics can at-
tract attention easily, it is catchy and clear. It
is a way of presenting data visually through
graphics. Main structure of an infographic in-
volves a title, text, a body and font and it is
aimed to transform the data with a robust and
clear narrative text. Considering these features
of infographics which can be used to facilitate
learning, this study aims to provide a compre-
hensive overview on the use of infographics in
education, its implementations and reflections
in teaching mathematics and how to use in-
fographics for individuals with mathematical
learning difficulties to facilitate their learning
in mathematics.

2. MATERIALS AND METHODS

Research model, data collection and
data analysis of the present study are provided
in this section.

2.1. Research model

This study is based on a comprehensive
literature review which aims to generate a per-
spective on the facilitative role of infographics
for individuals with special needs. In line with
the aim of the, document analysis as a quali-
tative research method was used. Document
analysis includes the detailed examination of
written materials which includes information
about phenomenon or phenomena targeted to
be analyzed and identification of certain cat-
egories from the analysis of the documents

Vol. 5, No. 2, 2017.

(Yildirim and Simsek, 2013). Documents are
crucial resources in qualitative research de-
sign. Bowen (2009) emphasized that docu-
ment analysis method is the analysis of pub-
lished, written materials about a phenomenon.
Accordingly, a detailed analysis of informa-
tion in published documents is considered for
a systematic examination and review in the
present study.

2.2. Data collection and analysis of
the data

Published materials in academic jour-
nals and books about infographics were ex-
amined in this study through a comprehensive
literature review. Accordingly, relevant mate-
rials especially articles and books were identi-
fied by the researchers. All selected materials
were read and interpreted by each researcher
separately. Then, all materials and interpreta-
tions were brought together to obtain common
categories and researchers evaluated these
categories together. Lastly, these categories
were analyzed in detail in order to constitute a
framework for important dimensions based on
the aim of the study.

After collecting the relevant documents
from various different resources involving es-
pecially books and academic journals, theo-
retical and practical inferences were made
from texts from the documents in line with the
aim of the present study. In data analysis pro-
cess, data were interpreted in a comprehensive
way by categorizing the data as defining info-
graphics, efficient use of infographics in gen-
eral education and settings and reflections and
discussion of implications of using infograph-
ics for facilitating learning of individuals with
special needs. Lastly, documents were brought
together in order to constitute a meaningful
whole and results of the study were obtained
in this way.

3. RESULTS

3.1. Effectiveness of using
infographics in education

The word “infographic” includes two
words; “info” and “graphic” and it is the short
form of “information graphic.” Infographics
is visualization method for presenting com-
plicated information in an effective way and
it is mainly about visually presenting and
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representing data. Recently, infographics has
gained great importance based on the continu-
ous increasing in the amount of information
and rapid advancement in the social media
(Borucu, 2015). In addition, Rajamanickam
(2005) mentioned about certain principles for
designing infographics. These principles in-
volve organizing information, making infor-
mation visible, forming a content, making it
simple, adding multiple emphasis, showing
cause and effect relationship and constituting
integrated graphics.

In additon to the effective use of info-
graphics in graphic design and visual com-
munication (Brumberger, Lauer and Northcut,
2013), the use of infographics as a tool in edu-
cation has become a recent trend. According-
ly; Shafipoor, Sarayloo and Shafipoor (2016)
stated that the use of educational technolo-
gies in teaching has many benefits for both
students and teachers and use of infographics
help learners to realize remarkable amount
of information at once and keep the informa-
tion in their minds for a long period of time.
In addition, Ciftci (2016) examined the effect
of using infographics on student achievement
and attitudes towards geography lessons and
showed that infographics is an effective way
in improving student achievement in geogra-
phy lessons and triggering positive attitudes
towards the lecture. Nevertheless, the effec-
tive use of infographics has been found to be
beneficial in other areas or levels of educa-
tion including higher education (Taguchi and
Ackerman, 2014), foreign language teaching
(Pisarenko and Bondarev, 2016), science edu-
cation (Davidson, 2014), visual communica-
tion design education (Dur, 2014), teaching
mathematics (Sudakov, Bellsky, Usenyuk and
Polyakova, 2015), creating awareness on en-
vironmental issues (Tuncali, 2016) and anat-
omy education (Ozdamli, Kocakoyun, Sahin
and Akdag, 2016). Matrix (2014) also indicat-
ed that infographics is an important compo-
nent for constituting pedagogical approach in
drawing on visual materials, it increases social
engagement, critical thinking and writing. An
infographic for summarizing the functions of
infographics are given in Figure 2.

ARRANGED

-
- -
£ -

PRESENTED
VISUALLY .

Figure 2. What is an infographic? Re-
trieved from: https://visual.ly/community/in-
fographic/how/what-infographic

Furthermore, Kibar and Akkoyunlu
(2017) revealed that students can be motivated
to generate their own content through visual-
izing the content and in order to achieve this,
they can use infographics. On the other hand,
individuals with special needs require help and
support in learning many concepts and skills
in terms of both academic and social aspects.
When the literature is examined, it is seen that
the use of new technologies in special educa-
tion has increased and it has been shown that
it is efficient to integrate technology in special
education (Liu, Wu and Chen, 2013). There-
fore, it can be inferred that use of infograph-
ics for individuals with special needs might be
a beneficial way for enhancing their learning
and infographics might be a good method for
this enhancement.

3.2. Mathematical learning difficul-
ties: dyscalculia

Before 1965°s, learning difficulties did
not exist in special education books, however;
it frequently exists now (Dogru, 2012). Learn-
ing difficulties are primarily related with vari-
ous deficits in comprehension, organization,
learning outcome, achievement and using
verbal and non-verbal knowledge. Learning
difficulties show variability in terms of the se-
verity of symptoms from mild, moderate and
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severe. Furthermore, learning difficulties can
be described based on the difficulties in using
or acquiring several skills including:

* Verbal language (listening, speaking
and understanding)

* Reading (reading comprehension and
interpretation)

» Written language (relying on the or-
thographic rules, written expressions) and

* Mathematics (calculation, problem
solving)

In addition to these skills, individuals
with learning difficulties might experience dif-
ficulties in establishing or maintaining social
relationships. Commonly observed character-
istics of learning difficulties are attention defi-
cit and hyperactivity, normal or higher level
of intelligence level, coordination difficulties,
impulsivity, difficulties in academic skills,
sensory difficulties in terms of visual, audito-
ry, kinesthetic, tactile and spatial perceptions.
Selcuk (2002) categorized and summarized
the possible problems of children with learn-
ing difficulties and these are demonstrated in
Table 1.

Table 1. Possible problems of chil-
dren with learning difficulties, Selcuk (2002)

Problem
areas

Problems

Attention deficit, hyperactivity,
lack of coordination and
balance, not being able to
complete homework, being
competent in one area and
having difficulties in other areas
Not being able to remember
mathematical concepts,
difficulties in problem solving,
mixing values in addition
operation

Not being able to concentrate in
reading, not being able read
fluently and follow the line in
the text

Writing very slowly, writing the
letters in a wrong way

General

Mathematics

Reading

Writing

As it can be seen from Table 1, individu-
als with learning difficulties might experi-
ence difficulties in certain domains including
general, mathematics, reading and writing.
Furthermore, since individuals with learning
difficulties experience difficulties primarily in
academic skills such as reading, writing and
mathematical skills, they are more likely to
be identified and diagnosed when they start
to school. Considering these difficulties, diag-
nosis of mathematical learning difficulty has
dramatically increased today. Mathematical
learning difficulty is also referred to as dyscal-
culia which also specifies the terms as a dis-
order affecting mathematical competence of
the individual while learning or implementing

Vol. 5, No. 2, 2017.

basic mathematical concepts and operations
(Akin and Sezer, 2010).

Children and adolescents with math-
ematical learning difficulty might experience
difficulties in learning numbers, counting
numbers, making mathematical operations
with fingers, difficulties in reading clock,
solving mathematical problems, knowing
right and left sides, continuing writing on a
straight line and difficulties in mathemati-
cal algorithms (American Psychiatric Asso-
ciation, 2013; Asfuroglu and Fidan, 2016) and
the prevalence of mathematical learning diffi-
culties is between 5% and 8% among school-
aged children (Hakkarainen, Holopainen and
Savolainen, 2013). There are various teaching
approaches for children with mathematical
learning difficulties as in special education and
one of the most important way of enhancing
their teaching is to teach them various learning
strategies. In addition, it is generally known
that use of visuals in teaching mathematics en-
hances learning since it makes abstract math-
ematical concepts or skills more concrete (Isik
and Konyalioglu, 2005).

3.3. Use of visuals to enhance learn-
ing mathematics in individuals with
mathematical learning difficulties

Individuals can easily learn concrete
things and it would be better to benefit from
concrete visual materials in teaching (Yolcu
and Kurtulus, 2010). Accordingly, it would be
appropriate to include activities for students
to improve their visualization skills and lead
them to thinking visually (Yilmaz and Argun,
2013) in order to increase their achievement
and develop positive attitudes towards math-
ematics (Kog and Baser, 2012) and this might
be achieved through using visual technologies
in teaching (Uzunboylu and Tugun, 2016).
In addition, visualization in mathematics is
the process of shaping mages in individuals’
minds through paper and pencils or techno-
logical tools and using visuals to explore and
understand mathematics. From the beginning
of the process of learning a subject in math-
ematics to the end of the process, understand-
ing of the subject and ensuring permanence
and Kog and Baser (2011) showed that visual-
ization in mathematics have a positive impact
on learned helplessness and abstract thinking
in mathematics.

Primary aim of teaching mathematics
is to transform mathematical knowledge to
students and develop mathematical thinking
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skills among students (Bozkurt and Akalin,
2010). It is stated that visualization process
might involve envisioning an object or an
event or transforming a structure through an
interactive visual tool to the physical world.
In fact, it is obvious that use of visualization
in mathematics education can positively affect
students in terms of cognitive and sensory as-
pects. For this reason, it is also important to
use visualization in teaching mathematics to
individuals with mathematical learning diffi-
culties since it makes mathematical concepts
more concrete and it can appeal to more than
one sense at once. It is also known that visual-
ization attracts attention, increases motivation
and helps students to organize information
(Presmeg, 2014). These are the main points in
which individuals with mathematical learning
difficulties need support and therefore it can
be inferred that use of visualization should be
frequently used to enhance learning of indi-
viduals with mathematical learning difficul-
ties.

3.4. Use of infographics for indi-
viduals with mathematical learning
difficulties

Through the use of infographics; in-
structional purposes, understanding the sub-
jects, reinforcement and learning are achieved
through based on visual methods. Figure 3
shows an example for infographics which can
facilitate certain subjects of mathematics with
infographics. As it can be seen from Figure
3, addition and subtraction, shapes, numbers
and place value subjects can be visualized and
presented with infographics. In this way, indi-
viduals with mathematics learning difficulties
are able to keep information in their minds,
understand the subject and organize complex
information.

Bagin 10 solve Dasic sqeations

Learm shapes and
waing sddition and bty bula

nnnnnn o woscal

1119

Brgin learning numbers §1-
and undesstanding place value

1 ' 3

throe

Learn number names and
count segquence

Figure 3. An infographics for teach-
ing mathematics. Retrieved from: http://el-
earninginfographics.com/the-ultimate-math-
cheat-sheet-infographic/

4. DISCUSSION

Mathematics has a facilitative role in
both individuals with special needs and indi-
viduals with typical development. In this re-
gard, it is necessary for individuals with special
needs to acquire mathematical skills. Math-
ematics is important for individuals to reason,
think critically, solve problems, it contributes
to improve mental skills of individuals and use
these skills in their daily lives (Virtop, 2016).
Some children have difficulties in mathemat-
ics and these difficulties might occur based on
the structure of mathematics, teaching method
and individual differences among students
(Karabulut, Yikmis, Ozak and Karabulut,
2015) and it is known that these individual dif-
ferences are often manifested as mathematical
learning difficulties, namely dyscalculia.

Visualization basically involves making
abstract thinking more concrete or picturizing
information and therefore it can be said that it
can make invisible things more visible. Visual
components provide opportunity for this and
they make concepts get rid of being abstract
and they give meaning to processes. Visual
components have very important functions in-
cluding providing and supporting information,
attracting attention, summarizing the content
of the subject, showing the relationships be-
tween concepts and phenomenon and making
complex subjects more clear (Dursun and Esgi,
2008). Visualization in mathematics education
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can be supported with infographics. Since the
use of diagrams and graphics in mathematics is
known to be beneficial, infographics can also
be used to faciliatate learning. Teachers can
explain mathematical subjects with infograph-
ics. Aim of infographic design is to explain a
concept or an idea in the most appropriate way
for the individual. In general, readability and
clarity are the most important criteria for info-
graphics. Nowadays, teachers are expected to
have necessary knowledge and skills for inte-
grating technological innovations (Stemberger
and Cencic, 2016) and infographics in educa-
tion (Islamoglu, Ay, Ilic, Mercimek, Donmez,
Kuzu and Odabasi, 2015).

It is known that use of interactive graph-
ical visuals is beneficial in special education
and Takacs (2005) also mentioned that inter-
active computer graphics are used to increase
learning efficiency. When infographics is
used in mathematics, mathematical concepts
are presented in a clear way and students can
understand easily. For students, mathemat-
ics becomes attractive and enjoyable. From a
theoretical perspective, information process-
ing model speculates that learning is achieved
when the learner pays attention to the exter-
nal stimuli, records and sends it to short-term
memory, then organizes it with existing infor-
mation and send it to long-term memory. Ac-
cording to Gulten, Ergin and Avci (2009) use
of information processing model as the basis
in teaching enhances learning in mathematics.
When it is considered that paying attention
and organizing information are crucial com-
ponents of infographics and their importance
in mathematics, it can be inferred that infor-
mation processing model as a theoretical per-
spective helps to understand the importance of
using attractive and clear stimuli in teaching
mathematics.

In a recent study by Singh and Jain
(2017), it is mentioned that using infograph-
ics in teaching mathematics to students with
dyscalculia increases students’ interest, mo-
tivation and achievement when compared to
using traditional methods in teaching math-
ematics and the researchers recommended
that effective infographics should be used to
make students with dyscalculia curious to
learn mathematics since they can focus on the
figures, diagrams and images in infographics
and therefore they begin to analyze the images
and learn.

Vol. 5, No. 2, 2017.

5. CONCLUSSION AND
RECOMMENDATIONS

Rapid advances and innovations in
technology bring new opportunities to use in
education and infographics is one of these op-
portunities since it includes data visualization
which is beneficial in enhancing learning of
individuals. In the field of mathematics educa-
tion, the importance of technology is under-
stood for many years and infographics design
has begun to be used recently. In conclusion,
the present study provided a comprehenswe
overview on what is infographics, the effec-
tiveness of using infographics in education
and discussed the possible facilitative role of
infographics in enhancing the learning of in-
dividuals with mathematical learning difficul-
ties.

In the light of the results obtained from
the study, the following recommendations for
further research and practices are provided:

* It would be better to increase the use of
infographics as a strategy for individuals with
mathematical learning difficulties to enhance
their learning.

* Special education teacher training pro-
grams should include more lectures on using
visual technologies involving infographics.

e Seminars, conferences and in-service
trainings might be organized for special edu-
cation teachers to increase their skills on inte-
grating infographics into education.

* Further research might conduct ex-
perimental or quantitative studies in order to
reveal the effectiveness of teaching practices
supported with infographics for individuals
with mathematical learning difficulties.

 Families should become more aware
on using visuals for their children with math-
ematical learning difficulties to support their
education.
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