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Abstract:

The Digital Story in Mathematics for Developing Matematical Imagination and
Numerical Intelligence among Primary School (Impulsve/Reflective) Students

The present research aimed at investigating tleetedff the interaction between the digital
story in mathematics and the (impulsive/reflecticepnitive style on the development of
mathematical imagination and numerical intelligemeeong primary school first graders.
The sample involved 30 students assigned to foaums: control group 1 (impulsive /
traditional), control group 2 (reflective / traditial), experimental group 1 (impulsive /
digital story), and experimental group 2 (refleetivdigital story). To meet the objective of
the study, the researcher designed a unit on nembed operations on them, a
mathematical imagination test, and a numericalligence test. The results of the present
research indicated that teaching style differer(cégital story / traditional style) had an
effect on imagination and numerical intelligencdawor of the digital story style. Teaching
style differences had an effect on imagination amunerical intelligence in favor of
reflectivity. Teaching style differences also had effect on imagination and numerical
intelligence in favor of those reflective studemtiso study using the digital story. Results
also indicated that there was a positive and sagmif correlation between mathematical
imagination and numerical intelligence. Therefotbe researcher recommends the
following: (1) taking the cognitive style into aag@t when developing mathematics courses
to confront individual differences; and (2) taking mathematical digital content into account

as it is an extension and embodiment of the enment surrounding the student because it
contains situations, activities and exercises whexfuire better and deeper comprehension
and which are different and more attractive tham tifaditional style or even the typical
electronic content. It also leads to constructirgivdies that rely on mathematical
imagination and help deepen concepts and relatgpegially mathematical thinking.
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Introduction:

Societies are now witnessing a leap in technicabwations in

general and technical innovations associated with field of

education in particular. This requires rapid movetmewards

the establishment of a learning environment ablentploy these
innovations, and to take advantage of them in tiedd fof

learning mathematics in a proper way which enahlssto

overcome many challenges, and still remains lesstlyco
compared to the traditional forms of technologmaitent.

Although the appearance of the concept of digitalysis old, as

it appeared with the beginning of 1990, it is cdesed a new
educational tool at least in the field of learnmgthematics. The
study of EI-Shemi(2009, 4)suggests that it is considered a
prolific area for the idea of positive communicatiavith the
educational content and expanding the scope of atidnel
abilities for innovation, where they do not relyledp on a broad
plate of technological tools [text, sound, animatia] but they
rely on integrating both to reach for a coherenttent which
gives a new idea or concept.

Gail (2008, 7)indicates that the digital story and classroom
learning have a lot of things in common, the magbartant of
which is meaning-making through which the studemin c
participate with the teacher in its production amsage in
different educational situations. Rol{iRobin, 2008, 9)confirms
through some studies that have depended on theoiddmital
story in the content that they promote studenti@pétion in
learning seriously, in the light of the mental Ielae has, where
some delve into the content, others innovates enptiesentation
style, or the expression of knowledge and engaigirtige idea or
concept more seriously.
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Mathematics, as an abstract science, is basicalywledge
organized in a structure which has its origins, aorgation,
structure and sequence, starting with incompletev@dge until

it gets integrated and reaches generalizations raadlts that
depend on the generation of ideas and mathematicadtures
reflecting creativity, imaginativeness and intuitiAbu-Zina,
2010, 17) Imagination in mathematics exists with varying
degrees in all its branch€Bhillip & et al., 2010, 3) As Juhar
and Younis(2010) also show, imagination plays a fundamental
role in solving any mathematical problem or sitoiatwhere it
begins with conjuring images stored in the minchaiit any role
for senses in this case, and these images turnmote abstract
linguistic pictures in the final stages of resotyithe situation. It
varies, of course, from one individual to anotheneve one
reaches creativity and viewing things and concaptdifferent
ways. For example, the discovery of Gauss beyonel th
relationship between numbers was an imaginativatisee action
by collecting numbers from (1-10) when he was sarg old.

The development of the imagination skill is necessm
mathematics in particular, because the start corftem
imagination, and with the availability of some simp
experiences, you may develop into creativity. Theady by
(Mansour & Sherbini, 2011) refers to this matter, where they
argue that the child imagines before he speaksnwiaeis two
years old, his imagination becomes 2% of his speech; when he is
four years old, his imagination becomes 9% of Ipsesh and
occupies a space of his activity continuously; irentdevelops
with it until he reaches creativity stage show is hbility to
install a new image which may not exist in reality.

Some studies which focused on the skill of imagama(Al-
Gazar & Abdul Rahman, 2003) (Partin, 2009) (Juhar&

¢
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Younis, 2010) confirm that the learner who possesses a high
imaginative ability was more successful in educalcituations
that depend on thinking and activity than those wlossesses
lower imaginative ability. It also confirms thataginary images
of the learner play a key role in learning, whéreytare stored in
brain and adjusted during retrieval in various isggand that
imagination can embody some of the concepts inva foem.
Although the skill of imagination is important all &vels of
learning, its importance increases in the elemgregtge, where
learning in this stage depends on: feeling, imagna and
experience to a large extent, which requires thagesof
activities and learning strategies offering theteahin a way
which releases the imagination of the learner ®the abstract
concepts and relations, especially in mathemaiticg, way that
develops the process of thinking, which is fundat@em his
learning of mathematics. As suggested by someest(Blechara
& AboDarwish, 2008) (Mansy & Al-Mounir, 2011), the
learner's ability to imagine begins to decreasthatend of that
stage, where his thinking tends to deadlock in litpet of his
interest in judging solutions and attitudes (caki¢hinking),
which leads him to neglect the imagination skilittdevelops his
creativity, his ability to offer diverse solutiongnd precise
attention(Phillip& et al., 2010, 5) which requires the provision
of appropriate educational environment that modésatthe
imagination of the learner and develops his imagnaskill.
When the researcher extrapolated some studgan, 2008)
(Al-Gazar & Abdul Rahman, 2003, 137-138) (Al-Paul2011,
23-25), he found that the digital story is related to gkl of
imagination among primary school students where:
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A learner engages in meaningful learning by usingtay
which motivates his imagination by forming mentadages
for some abstractions and concepts surrounding him.

Egan (2008) found that children in the initial stages of
learning have a high ability to evoke mental imagkthings
they did see before and that they already haveraaibisie
concepts of binary opposites (concept and nonexisde
where they do not follow the traditional model [etgves,
content, methods, ...., appraisal] in which therrlea as
demonstrated by this studigan, 2008)may base a concept
or a relationship on a tale or a story.

The language or pattern of a story (audible, reladaiisible)
does not only reflect abstractive ideas and infdiona but it
also reflects the feelings and emotions which ssgdals to
the learner's imagination before his mind, in additto its
end that may be different from what has been erpeethere
the teacher may ask his students to imagine theoérnbe
story, which is then compared to the actual enthefdigital
story that may appear in a simple mathematicabgdn or
problem(Egan, 2005)

The broad areas of digital story and its uniquditglp raise
the learner's imagination contribute to the ledsn@cquisition
of new experiences and develop his ambitions, whedleve
tension and achieve the desired balance.

A study by (Wu & Yang, 2009) suggests that the learner
likes hearing stories and watching presentationsutih the
story, where audible words or readable symbolschvlare
basically concepts, turns into scenes and peom@e bg the
learner through the power of imagination and masarty.
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- A study by (Al-Paul, 2011) emphasizes the link between
linguistic and symbolic development and mental imaton,
where the development in language and the usaggnabols
by a learner in the primary grades leads to areaszd ability
to evoke mental images for things not really erggtiand he
feels as if the concept or the number talks to lang these
images often come from the impact of images inlbek,
which he often forms when he watches digital storie

Mathematics has experienced in the last quartethef last
century successive waves of change and development.
Nevertheless, numbers and mathematical operatemained a
fixed center around which all topics rotate inatbit. Numbers
and their processes are still considered the essmmt meaning
of mathematics with all its branches till now. Mathatics is a
universal language which derives its letters frovm mumbers of
counting, its words from numbers. We can enrick tahguage
by increasing the understanding of this system.réigbility
relies upon its usefulness and the ability to epmian different
situations. Mathematics is that branch which exasimumerical
systems and relationships between numbers, bytatti@vhich is
interested in this system which is developed bydéeslopment
of humanitarian thought is called the numericatlilgence.

Al-Maghrabi (Al-Maghrabi, 2012, 15) emphasizes that the
numerical system becomes complicated and incompsdbie if
it is not presented in a successful way that cojple the mental
development of the learner; because numbers havieusa
representations and many aspects where the unudirsjaof
numbers includes not only perceiving the numbet,itoextends
also to include the complex system of interrelatedtionships
between them. This understanding and perceptioamghasized
by the study of(Willson, 2011, 5) is not owned by a large

\
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section of students in a satisfactory or acceptaidener. As a
result, the teacher has to provide students witlhows broad
activities in order to help them develop the megrirey acquire
through relationships between numbers and concefzted. Its
abstractive nature, however, may narrow the ideaexpanding
its activities, but the direction towards using aled
technology makes it closer to reality, or the usafelirected
imagination to make it closer to the imaginationtloé¢ learned
child which may start with him in the primary grad8ekhit &
Ibrahim, 2012) .

In order to ensure the success of the learnerensthdy of a
particular educational program, the features anmhluiities he
possesses as an individual should be recognizestevdognitive
styles are considered one of the most importanpguetions,
since they include all cognitive and perceptual dms, which
enables them to give a more comprehensive and tigec
description of the individual learner, especialty the initial
stages oflbrahim, 2011).

We can explain the differentiation between indinalduin the
cognitive processes through these cognitive styldee more
differentiated the individual's cognitive structui the more
ability he will have to respond in a distinctive yvm different
situations, while the lower differentiated the widual's
cognitive structure is, the lower his respons@&ah (Witkin, et.
al.) (Ibrahim, 2008) refer to the term 'cognitive style' as follows:

"a method means a special characteristic of theithehl and a
cognitive style is a hypothetical structure whicledmates the
presence of stimuli and generating appropriate oresp for it;
therefore it distinguishes an individual from aresthin
perceiving and addressing environmental stimuli dedcribes
them and determines the type and shape of resptrae,the

A
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stimulus is developed, stored and encoded unslaalled when
different situations require that".

In this context, the (impulsive/reflective) cogwéi style is
considered one of the most important cognitiveestyWhich had
been focused on by the educational studies. Asaelil by some
of these studiegAttia, 2008) (Ahmed, 2008) (Ibrahim, 2011)
(Zidane, 2011) the style (impulsivity/reflectivity) is linked to
the tendency to deliberation or impulse before sadpg to a
task of solving a situation or problem with dubiocesponse. In
the sense, this dimension describes the tendenggttence with
regard to the validity of solving the problem undgyecial
circumstances, when several possible alternativesazailable,
which is one of the cognitive styles relevant tarfeng practical
and mathematical skills, so it was used by theareber as an
independent variable to classify learners and teldg the skill
of imagination and numerical intelligence in matlatics.
Several studies which includ@ttia, 2008) (Ahmed, 2008)
(lbrahim, 2011) (Zidane, 2011)addressed the impact of the
interaction between the technological course véiand the
cognitive style (impulse versus deliberation).

As a result, the current research is considered ang¢he
interactive researches between willingness (impiygi
reflectivity) and educational processing (tradiabnteaching
versus digital story) where they seek to provide Huitable
processing for a larger sector of learners, sinueractive
researches are no longer regarded as researchagingeq
feedback about findings through the classificatainstudents
into groups and providing each group with apprdpri@arning
resources and teaching strategies, but they arerednaround
looking for a good content design which benefitside section
of learners. This means that learners tend towtasleducational

q
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content to the extent that their willingness ensbleem to
interact with, and to the extent that develops tualitative
variables related to the quality and the form spthyed content.

Awareness of the problem:

(EL-Shami, 2011, 14)confirms that a child must see and listen,
obtain impressions and keep them in his memoryrderto
develop his imagination in the primary grades, whie degree
to which the available information for the childnsore diverse
(more than one picture for the same concept), mgressions
will be unique and he will be able to assemble iesagxpressing
this concept better. Although the development efithagination
skill in mathematics plays a significant role in shanathematical
operations, its role as a skill goes beyond thdittcaal model
[goals, content, style, ...]. As proved {gan, 2008)studies, the
learner may build a concept or a relationship sfimagination
in the light of a story, but the studies which added this issue
in the field of mathematics are very few compared its
importance.

There is no doubt that imagination exists. It stdrom mere
remembering of events and pictures, ends up wehtisity, and
even takes a new trend as a result of mental ogeringhe light
of enormous technical innovations surrounding deerier. Also,
the studies of(Juhar & Younis, 2010 and (Partin, 2009)
showed that its role in mathematics is fundamesmetgdecially in
the primary grades, in bringing around abstractcepts and
enriching the mental images of concepts and relstiavhich
helps in generating ideas as well as higher s&illsapabilities
beyond the knowledge like controlling attention and
concentration. Accordingly, the studies (hine & Saleh,
2010), (Ambo Saaidi & Baloushi, 2011) and (Juhar & ounis,
2012)emphasized that the learner's poor ability to regmesome

Ve




J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

concepts from reality, and even his limited freeting needed
from him in the early learning of mathematics im@ary grades
in addition to his poor ability to reassemble samages about
the concept; all of which are related mainly to poor skill of
iImagination. These studies also suggested thatlaj@ag the
imagination skill has been neglected especiallynathematics,
and emphasized that it begins to fade partiallyl intomes to
an end by the end of the primary stage.

In the light of the researcher's visit to the fiélche presented
some rationed numerical activities which includedms
numerical intelligence situations. After observiihg learners in
a rationed individual way during working on thesgiaties in
several schools: he realized actually that prinsamtyool students
are poor in evoking, reassembling and represerstmnge images
about a particular mathematical concept or evemdang an
idea about using a number or a concept in a newsi&ayming
from his imagination. Also, they have a weakness in
distinguishing relationships that may link numbensg slowness
in the process of classification, arrangement, aaguencing.
Any change in the simple mathematical situation msethat the
wheels of thinking stopped, where they tend to saweple
calculations. After extrapolating some studigd-Maghrabi,
2012) (Al-Khatib, 2011) (Hafid, 2013) the researcher found
that they confirmed the presence of a decline ieséh
mathematical operations, which become active tahretne
concept of numerical intelligence upon which thintkiprocesses
at most mental levels and stages in mathematidsaesed.

1 The researcher supervises the Faculty of Education undergraduate and post-graduate students,
Department of Mathematics.

AR



J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

Some justifications for the current research problen can be
identified in the following:

What has been affirmed by some previous studig¢isarfield

of mathematics about the poor imagination skill fiduin
activities and mathematics textbooks in the prinsaage, and
the capacity for effective communication between
mathematics as activities and practices and theenoah
situations which may appear in life activities iathrematics,
and the reasoning between numbers and perceivieg th
interrelationships between them, where the concefpt
numerical intelligence is a natural development foese
operations, as we will clarify in the theoreticatgentation.

The difficulty of acquiring the skill of mathemadic
imagination in the light of current mathematicafrazula in
their traditional ways; the need for the presenceumnerical
intelligence situations prepared in untraditionays as they
are needed where they reflect good perception and
communication with the numerical system, whichhis basis
for mathematical operations moving with the learasrhe
studies mathematics; and the presence of someestudiich
emphasized the role of technology in reshapingnédating
curricula, and highlighting them in a new way, tlesearcher
iIs motivated to adopt the approach of digital stony
mathematics as an attempt to develop these skills.

Although some foreign studies in the field of matla¢ics
exists, the study ofHelen, 2014)came out which aimed at
formulating a strategy to develop creative imagoratfor
some mathematical skills, specifically in third afmlrth
primary grades activities to compensate the alsiraof
concepts that underlie these skills including dédfeiation
and life situations. Also, the study @rielle, 2015) came out

VY
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which was an analytical study aimed to transform
mathematics and its content in the primary stag® i
acceptable logic for the learner child through veeg

imagination which depends on the nature of intaitiv
mathematics around us without relying on speciiaching

methods. In addition, the study {Patras, 2015)appears
which suggested how to plan for moderate imaginatio

mathematics in the primary school, and incorporadadt of

moderate imagination plans as a way of support ther

imagination of the child at this stage. As far las tesearcher
knows, no study however came out to explain theachpf

interaction between the content of a digital stary

mathematics and the cognitive style (impulsiveéetiive) to

develop the skill of imagination and numerical iigence in

mathematics at the primary stage. In the lighthef previous
discussion, the current research discussed thectropdigital

story in the content of mathematics with regard it®

interaction with the cognitive style (impulsiveletive) on

developing the skill of imagination and numeriggkiligence

in mathematics.

Research problem:

The previous discussion shows that the researdblggmocan be
summarized in the difficulty of acquiring the skalf imagination
in the light of the current content of mathematidsspite the
urgent need for this skill as a basis for buildimgthematical
representation operations out of abstraction, whish an
important stage at the beginnings of learning nrattes; and a
slowness and decline in dealing with numerical asitms and
operations which then become active and end up with
numerical intelligence which reflects the perceptiand
understanding of the numerical system which appeéarsg

\R3
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effective communication between mathematics as nuaaie
activities and situations and life activities inth@matics, which
is considered a basis for mathematical operationspfimary
students in the first grade at Al-Baha region. phhis also
showed by the results of the exploratory experimerdddition
to some observations by the researcher during hekl f
supervision so that the results are not dependahy on
exploratory experimentation which confirmed thesesmce of
this weakness and decline]; and then the reseatdberto use
the digital story in mathematics to develop thellskif
mathematical imagination and numerical intelligenamong
primary students in the first grade who have a tignstyle
(impulsive/reflective).

Research Objectives:
The current research aims to:

1. Identify the impact of interaction between the atgf digital
story in mathematics and the (impulsive/reflectizeynitive
style on the development of the skill of mathensti
imagination among primary students in the firstdgravhere
the imagination skill in mathematics begins witle tlearner
before he even perceive mathematical abstractibraugh

representation and mental images which may start by

remembering and end by creativity concerning cotssemd
then he will have solutions for all updates in nesiatics.

2. ldentify the impact of interaction between the stgf digital
story in mathematics and the (impulsive/reflectizeynitive
style on the development of the numerical intefiicgeamong
primary students in the first grade, which représeffective

communication between mathematics as activities and

practices and the numerical situations which mayeap in

V¢
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life activities in mathematics, which is relatedit® capacity
for reasoning between numbers and perceiving
interrelationships between them, and the possibilif
obtaining information connecting them.

. Find the nature of correlation between the gradestuments

in the experimental group in the post applicatidn tioe
mathematical imagination skill test and their seone the
numerical intelligence test in mathematics

Research questions:

The present research attempts to find an answietéollowing
main question: "How is the content of digital stomg
mathematics designed and used in light of its auon with the
(impulsive/reflective) cognitive style to develdpe skill of
mathematical imagination and numerical intelligenamong
primary school first graders?" From the answer His tmain
guestion, the researcher can find answers to th@nviag sub-
qguestions:

1.

What is the impact of teaching style differencesyifdl
story/traditional teaching] in mathematics on depeig
mathematical imagination and numerical intelligerstalls
among primary school first graders?

What is the impact of cognitive style differencesgulse
versus deliberation) on developing mathematicalginmetion
and numerical intelligence skills among primary acahfirst
graders?

What is the impact of the interaction between thaching
style [digital story/traditional teaching] in mathatics and
the cognitive style (impulse versus deliberationh o

\o
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developing mathematical imagination and numerical

intelligence skills among primary school first geasl?

What is the relationship between mathematical imegdn
and numerical intelligence skills in mathematics oam
among primary school first graders?

Research hypotheses:

The research attempts to test the validity of tb#owWing
hypotheses:

1.

There are no statistically significant differendestween the
average scores of the control group students [(sthdy the
concept of numbers and their operations in theitioaal

way) and experimental group students (who study uii¢
using the digital story)] This occurs due to th#edences in
the teaching styles without taking into considenmatithe
cognitive style on the mathematical imaginationll gaost-

test.

. There are no statistically significant differendetween the

average scores of control group students [(who ystine
concept of numbers and their operations in theitioadl
way) and experimental group students (who study uihié
using the digital story)] This occurs due to th#eidences in
the teaching styles without taking into consideratithe
cognitive style on the numerical intelligence ptest in
mathematics.

. There are no statistically significant differendetween the

average scores of students in the experimental pgrbu
[(impulsive students studying by the digital storghd
students in the experimental group 2 (reflectivadshts
studying by the digital story)] This occurs due toe

|
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differences in the cognitive style (impulse verdaberation)
without taking into consideration the teaching estgin the
mathematical imagination skill post-test.

. There are no statistically significant differendetween the
average scores of students in the experimental pgrbu
[(impulsive students studying the digital storydastudents in
the experimental group 2 (reflective students sngiypy the

digital story)] This occurs due to the differences the

cognitive style (impulse versus deliberation) withdaking

into consideration the teaching style on the nucaéri
intelligence post-test in mathematics.

. There are no statistically significant differendetween the
average scores of students in control group 1 andtra

group 2 [who study in the traditional style (impuity vs.

reflectivity)] and students in experimental group ahd

experimental group 2 [who study using the digitadrg

(impulsivity vs. reflectivity)] This occurs due tahe

interaction between the teaching style (digitahgtoaditional

teaching) and the cognitive style (impulse verselgdration)
in the mathematical imagination skill post-test.

. There are no statistically significant differendetween the
average scores of students in control group 1 awdra
group 2 [who study in the traditional way (impulspvvs.
reflectivity)] and students in experimental groupsand 2
[who study using the digital story (impulsivity vs.
reflectivity)] This occurs due to the interactioetlween the
teaching style (digital story/traditional teachinghd the
cognitive style (impulse versus deliberation) oa tlumerical
intelligence post-test.

VvV
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7. There were no statistical correlation between tteres of
students in the mathematical imagination skill gest and
their scores on the numerical intelligence teshathematics.

Definition of Terms*
The digital story in mathematics

It is "an integrated educational pattern whicansmits the
knowledge through a sequence of events made thrasgknario
for the educational content in mathematics with then of
transmitting a new idea or developing some learrasgects
which are included within the educational content".

It can be defined operationally as "an educati@tanario in
mathematics which expresses the vocabulary of ehieg unit
through some figures and images of reality, whighfavored by
primary school first graders to express a concepélationships
within the numbers system, which then becomes & ainia
particular kind; has a beginning paving the waydnrndea, and a
center including an educational problem or situgt@nd an end
solving the educational problem or situation”.

The (impulsive/reflective) cognitive style

It is "a variable through which we can distingusttween those
who contemplate a solution for an idea or actividgfore
confirming it, and those who respond immediately tze first
solution occurs to him, and expresses the indiVislsaecial way
in dealing with information, whether receiving avigg them. It

2 There is a detailed theoretical part to defineredlearch variables (the
digital story in mathematics — the cognitive stylienpulse versus
deliberation) — the skill of mathematical imagioati— the numerical
intelligence in mathematics) within the theoreticadntext for the
research with conclusion for each.
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iIs measured on the basis of two dimensions (latemoguracy),
the learner with a cognitive style (impulsive) lsetone who
tends to respond rapidly to situations and comfartger number
of mistakes, while the learner with a cognitivdestiyeflective) is
the one who tends to give a response after a seiigabount of
time in contemplating the essence of the availalilrnatives in
solving the new situation, and commits fewer numiodr
mistakes".

Mathematical Imagination Skill:

It is "a mental activity resulting from the retredvprocesses of
past experiences and concepts, and the integratiod
assembling within the learner's memory to produtteroforms
and new concepts, which can be measured by getérizal or
nonverbal responses from the learner expressearmsfand
some simple operations using standards prepareifispky for
this purpose".

Numerical Intelligence in Mathematics

It is "a part of logical mathematical intelligenadich includes
only some abilities depending on numbers and tteioaships
between them like classification, arrangement amdnsarization
more clearly. It is linked to mental calculatiordgperceiving the
significance of numbers and operations related owith
addressing the computational performance and éfssstit also
goes beyond this to the understanding of the nwalesystem
which appears in the results of mathematical dmwviin the
connection between mathematics as a science aryg Idai

activities".

Research procedures:

The research proceeds according to the followiegsst
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1. In order to make the research theoretical studidednotify the
methods of preparing the electronic content in ltgbt of
digital story concept, and to prepare the matharahti
imagination skill test and the numerical intelligentest in
mathematics, some literatures, researches andestuudive
been viewed which addressed the issue of constgudi
digital content; and which addressed the issue of
mathematical imagination skill and numerical ingghce in
mathematics.

2. Choosing the unit "Numbers and operations on thkeitig
studied by primary students in the first grade,lyamag its
content to design the activities and tasks necgsar
teaching it through the digital story style, andrttpresenting
it to a group of arbitrators whose opinions werefulsin
preparing (the content scenario for the unit), enguring the
reliability and validity of the analysis.

3. Constructing the digital content in light of thelstof digital

story in mathematics and then preparing its constm steps

in light of:

— Determining the overall objectives of the unit @
digitally.

- Determining the scientific content achieving the
objectives.

- Determining the procedural objectives of the lesson
presented through the digital story.

— Educational designing of the digital story in matiagics
which includes making a scenario for mathematicthan
unit in light of specific steps.

— Designing its overall shape including interactiaoterfaces
and ending with its production.
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— Controlling the digital story content through pnetseg it
with a validity card; judging it by specialists the field
(methods of teaching mathematics, and the eduedtion
technology).

— Setting the digital unit (in light of the digitatosy) in the
experimental stage to ensure the validity of itasgeswith
the research sample.

4. Setting the research tools which included:

- Testing the mating between familiar figures [Thecsel
image which suits primary school students]. (Prepdry
Al-Faramawy)

— Testing the skill of mathematical imagination farnpary
students at the first grade. (Prepared by the relseg

- Testing the numerical intelligence in mathematics f
primary students at the first grade. (prepared hg t
researcher)

We presented [the skill of mathematical imaginattest - the
numerical intelligence in mathematics test] to éneitrators and
the amendment in light of their views, and thencbefirmation
of their reliability and consistency through applyithem to a
group (other than the experimental group) to meastne
coefficients of validity, reliability and internatonsistency of
dimensions in both tests.

5. The experimental desigfor the research which included:

% |dentifying the research method, describing thénnsample, and the period of the
experiment will be mentioned during the experimepéat of the research

AR



J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

Table (1): Experimental design for the research "fatorial design 2*2"

eaching Method Traditional Method Digital Content
Cognitive (Digital Story)
Impulse Control group (1) Experimental group (1)
Deliberation Control group (2) Experimental gro@ (

- First control group: impulsive students studying tive
traditional way.

- Second control group: reflective students studymghe
traditional way.

- First experimental group: impulsive students stagyby
the digital story.

- Second experimental group: reflective students yatigd
by the digital story.

- Pre- application of the research tools on the gsoup

- Calculating the results of applying the researchlsto
statistically (pre-application) to verify the eqgalence of
the research groups.

- Teaching the unit for the control group (1) and ¢betrol
group (2) [in the traditional way] and for the expsental
group (1) and the experimental group (2) [in ligitthe
digital story] during the second term 2016/2017.

- Post-application of the research tools on the ggoup

- Monitoring the results, processing them statisycadnd
explaining them in light of the theoretical backgnd and
previous studies.

- Making some recommendations and proposals in dht
the results of the research.

Yy



J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

Significance of the research:
The present research is significant in that:

1. It helps math's teachers at the primary stage ¢frou
presenting the content of mathematics by the digtary
style, which relies not only on technical toolsip& images,
animations, ..... ], but also delve into the contamipvates in
the presentation style, provides the opportumtgxpress the
knowledge through a new vision, where it combirnesdrt of
telling old narratives and the broad panel of tedtbgical
tools which are processed educationally becauseb#ses
here is the educational aspect, not the technabgice. It
helps the teacher to form a meaning for the cortansigh
precise and directed scenario. It represents adeoo the
learners' thinking where the teacher can use thigadstory in
evaluating the progress of his students towardsleéaming
goals.

2. It helps in reformulating mathematics in a new madeay
which takes into account the educational aspeceraviihe
idea of digital story came out to reach a pattéoeecto reality
to a large extent, and not far from the learnedfuce,
especially in the early grades of education, where
mathematics has been taught as symbols and teogyol
through memorization and indoctrination in addittonsome
routine exercises without linking it to reality olaily life
usage. Also, the digital story has the ability tgamize the
cognitive structure and some thinking aspects,tamarovide
meaningful learning through mathematical represems.

3. It helps the learner at this stage where the digitary in the
field of mathematics might contribute to the folio.
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It helps the learner reorganize the subject ardrdoy it in

a new cognitive map.

A digital story offers creative options to help fearner to
understand mathematics better where the mind is
organized better when you use a digital s{&gan, 2008,

4).

It enables the learner to perceive different exgyexes, to
encode them into ideas and concepts, and to cahstru
them inside the memory in an ordered and organized
manner to become a part of his cognitive structure.
Introducing mathematical concepts within the litgreext

as a story helps the learner to understand the ingean
mathematical abstractive facts and relationshiph |as:
the initial count, algorithms, and even numbers
(Balakrishnan, 2008, 6)

Using the digital story in learning mathematics ldes
them to enjoy first, and to motivate them to think
afterwards, which provides a coherent and meaningfu
content for mathematics for learners in the pringnades,
and gives them representations for mathematiastsins,
which is consistent with Ozubl theory (Meaningful
learning).

A digital story fosters a child's imagination inirpary
schools, where learning a child does not alwayxg®d
from sensible to abstract and from known to unkriown
where(Egan, 2008, 5¥ound that a primary school student
possesses a high ability to evoke mental imagesrrsaen
before which he uses then to develop his matheaiatic
imagination as shown through the digital story.

. This research deals with the imagination skill iathematics

variable, where it is a rare variable in some Astbdies
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specialized in learning mathematics. In addititw, tesearch
deals with the issue of preparing a test in thegimeation skill

in mathematics, a test in the numerical intelligenand
studying the relationship between them in light tbie

cognitive style (impulse versus deliberation), whimpens a
field to study these categories with other variabl@

mathematics as future studies.

5. It opens a field for other researchers to condes¢arches and
studies regarding the use of digital story in leagn
mathematics, where in particular it has not beadwslot in
the field of learning mathematics.

The theoretical framework for the research "Thataligtory in
mathematics for the development of mathematicalginaion
and numerical intelligence among primary  school
(impulsive/reflective) students.

The researcher aims from reviewing this theorefreahework to
discover the role of electronic digital story in thiematics to
develop the ability of students [impulsive/reflee to imagine
in mathematics and to develop their numerical ligihce. As a
result, the theoretical framework included "theitdigstory in
mathematics"; "the mathematical imagination and ewcal
intelligence - impulsive/reflective - in the cogné style among
primary school students.

¢ The digital story in mathematics

Although storytelling as a teaching approach I, dut the
technology brought it back to life in a differenayvcharacterized
by modernity, and this is through the electronigitdi story;
which is considered an effective way to learn anorke to
promote students participation in learning effeslyy(EI-Shemi,
2009, 3) where it leads to profoundness in the conteegtority
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in the presentation style, and the opportunity txpress
knowledge through a new visigBusan, 2007)

The concept of digital story

Although the appearance of the digital story in #aeicational
process is old (1990), it has no precise definittimer than the
following where it is defined as a natural extensior the
traditional storytelling(Renee & Matusov, 2008) A set of
definitions regarding the digital story based oa plast definition
have emerged as follows:

1. A model combining the ancient art of storytellingttwa
broad plate of technological tools (voice, imagarations)
which are processed educationally because the bhasgsis
the educational aspect, not the technological ¢Adobe
System Incorporated, 2006, 3)

2. Itis a term used for the purpose of exchanging\tedge and
values among learners in the classro@®ail, 2008, 2)

3. It is a pattern of telling the educational contenthe light of
digital technology through the coherent elementgoae and
expressive drawingsJanet, 2006, 5)

4. 1t is a collection of tales related to the eduasilocontent
which works as an electronic medium with the additof
some effects including voice, drawings, and imadfeselies
on a dramatic line and aims at education and ediifio.
(Moses& Salama, 2004, 467)

5. It is a unit of a particular type able to identtfye emotional
sense for its constituents. It has a beginning Wwip@aves the
way for of an idea, and a center including an etioical
problem or situation, and an end solving the edocal
problem or situation'(Egan, 2003, 4)
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The researcher may conclude from the past defistithe
following points about the digital story:

It is one of the technological knowledge tools euatly
available providing integration and association ween
knowledge and imagination, where they constitute th
emotional understanding of students for the cont®&liso, the
realistic images of its fictional content can benfed using
the technique.

It is considered a special type of learning and ohdhe
interesting artistic forms for children and primagyade
students, which is characterized by pleasure vagegclarity
and a tool for presenting knowledge in a simple.way

A digital story and learning share making sensegrelboth

represents a record for the learners' thinking e/tiee teacher
can use the digital story in evaluating the progres his

students towards the learning goals.

Since the story depends on the learner's imagmatio
perception of characters who make the idea or pearfihe
educational situation through a scenario which egavthe
learner in an imaginary journey, and motivates him
construct mental images for what he watches andshéze
researcher was forced to use it in developing imatgin
mathematically for the child through an integrated
mathematical pattern in light of the educationarscio in
mathematics.

As a result, the concept of digital story in matlaéos is "an
integrated educational pattern transmitting the hemaatical
knowledge through a hierarchy and sequence of svant
processes, which are formulated through a scerfarothe
educational content with the aim of transmittingnew idea or
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building relationships and generalizations abouathematical
situation or issue or developing some learning espehich are
included within the educational content".

Xl The educational importance of digital story in matlematics:

Since the digital story in mathematics encouragesstudent to
communicate and interact at multiple levels leadiiog an
increase in the area of interaction in collabortiearning
environments, we can conclude its importance dsvisl (Al-

Paul 2011, 4-21) (Moses& Salama, 2004, 488) (Zazlds

Liljedahl, 2009):

1. It helps students to perceive the concept or ideadynamic
context within the mathematical situation.

2. It gives them the opportunity to develop a mearfmgthe
concept or to get a new idea in the displayed cante

3. It enriches mathematical topics with literary tewtsich try to
help in overcoming the idea of single solution [@Fhimight
develop the skill of mathematical imagination- a@opby the
research].

4. When the story includes a mathematical topic orceph the
student is integrated in a powerful way within g@cept or
the relationship, which gives him an opportunitylittk the
ideas with the outside world in a meaningful wayickh
enables him to build a meaning for mathematicalcepts
within an integrated context with real things sumding him
in a life image with mathematics.

5. It must also be noted that if the digital storymathematics is
controlled educationally in a good learning enviramt:

- It will interest students to learn various conceatsl to
interact with various mathematical situations.
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- It will help the memory to remember and memorize
through visual and audio effects available witliarn.

- It will reduce the tension of students by creatiag
comfortable and supportive environment within the
classroom.

- It will offer ways to think and act as the heroéshe story
did [with primary school students]

- It will enthuse young students specifically through
interesting educational scenario linking betweeromand
interactive concepts and the student in various
mathematical situations and activities.

- It will present stories involving examples whichpeass
(concepts - numbers - abstract relations) whidh valp
the student to relax because they offer somethihgiw
can be kept even when you move into a general yhaor
details of relationships and generalizations [sashthe
relations between numbég(&l-Paul, 2011, 29)

[xI Justifications of digital story as an educational pproach
In mathematics:

- As mathematics has been taught as symbols andniadogy
through memorization and indoctrination in addittonsome
routine exercises without linking it to reality olaily life
usage, the idea of digital story came out to reagbattern
close to reality to a large extent, and not fanfithe learner's
culture, especially in the early grades of educatio

- The child in the initial stages of education peresi many
concepts through hearing stories, and in partictlerse
which include images, drawings, and animated cdscep
which may add to the concept meaning what we waorh f
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them in the advanced stages of mathematical co(Back &
Lee, 2008, 11)

- Some believe that the digital story may be a way fo
developing certain behaviors in the so-called hiadde
curriculum and some aspects of imagination which
undoubtedly develop the creativity of the chi{halaf,
2006)

- In addition to some educational aspects that mdgfbey the
digital story in teaching mathematics where it taes ability
to organize the cognitive structure and some thmlaspects,
and to provide meaningful learning through mathéraat
representations inside the educational situation.

- Also, the multiplicity of digital story patternsyéio/ visual/
written] may cover a larger area of mathematicalcepts and
relationships and meet all learning styles [Sorke fieading,
others prefer listening, while primary school studeprefer
the visual aspect] and so on.

XI The criteria of digital story to suit mathematics n the
primary stage:

Some studies likéJason, 2008) (EI-Shemi, 2009) (Zazkis &
Liljedahl, 2009) (Al-Paul, 2011) (Thetese & Joseph2013)

suggest that there are seven effective and fundaielements
which must exist in the digital story to suit primaschool

students, namely:

- A Point of View: In this way, the story is not presented
abstract without telling facts and relationshipfieve it must
assume a certain idea needed to be delivered tgaheg
learner.
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Interesting Question: An interesting question is asked to
capture the individual learner's interest throudticlv we can
hold their interest throughout the presentationl we answer
his question at the end of the presentation.

Emotional Content: The emotional content appears through
effects, the narrator's voice tone, and music, wimcreases
the area of interest for students at this imporstage.

Voice: It is the essence of digital story, where it i$ just a
comment on the story here; but it is the main emdan it, so
we have to make a good choice of voice, which isallg
registered more than once until we choose the siatis of
voice.

Soundtrack: It is a sincere expression of the goal of theystor
where it may transmit the young learner from onsecto
another, with the addition of some kind of antitipa
always. We should take care to a large extent wiven
employ the soundtrack where it may backfire angatise the
student away from the subject of the lesson.

Economy: It is the biggest problem facing the production of
digital story, where the story designer seeks ®maltimedia
as many as possible (voice, animations, interadlitugtions,
..... ), while it can be produced using a limitedmer of
multimedia and relying on the written text sometsmée
idea depends only on the nature of the content thed
targeted learning category. In some cases, we migrasent
all ideas accurately in detail within mathematsiahations.

Pacing: A clear pace should be present to view the digital
story, where the pace transmits the student froenaase to
another, which is often linked to the speed of &vethe rate
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of sound and the period of the idea or the concept
presentation. We should be precise in accelerashayying
down, running, and turning off the presentation dojital
story elements when needed.

[x] After extrapolating the previous studies, the redesr may
conclude some suitable criteria for the digital ngtdor
teaching mathematics:

- The course of event (concerning the mathematicatet or
term) within the digital story is the one whichs@s interest
and attention of learners and raises the questieosssary for
the continuation of attention till the end.

- A binary opposition [concept - alternative concepg]ps in
guiding the idea through creating internal struggkede the
individual learner, because the story in which tbeflict is
not resolved moves the learner from just listenimgvorking
and experimentation so that it can solve a certain
mathematical problem.

- Imagination: It enables the learner to evoke mentales in
his mind for the story words and concepts whereanisact
sometimes may be better than realistic images: avllee
concept may speak, move, and introduce itself, kvhg
needed by the learner sometimes.

- Finally, the digital story which can be used in eslion is the
one which meets the mental, psychological and emalti
demands for the targeted category, in line withriature of
the educational content itself, where mathematies ha
special nature often close to abstraction, busitloser to
realistic representation even more than other segn

Stages of [producing/presenting] the appropriate djital
story for mathematics in the primary stage:
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The study conducted b{pavid & Joe, 2014, 6)shows some
steps of the digital story production:

1. Writing the story text: In which the main idea of the story is
identified, and is formulated in more than one wayeach a
final image that fits students in the targeted grou

2. Preparing the scenario:Which determines the basic form of
the digital story and the multimedia elements thdt be
used.

3. Preparing the portrayed scenario: In which we determine
the text and multimedia in specific places in thearys with

accurate details which contribute to facilitate the

implementation of the following steps.

4. Obtaining the sources: We actually get here the required
media either from the internet or through the suippg
devices like the scanner or the digital cameraahdrs.

5. Production: The digital story production occurs here using
the appropriate programs like the movie maker atistory
or other programs.

6. Sharing: Sharing occurs by making it available to the learn
on the Internet or the intranet of an educationstitution or
any other sharing method.

We must take into account experiencing the linguidictionary

of the targeted category during the digital stospstruction and
other considerations such as the nature of theatidual subject
itself. As some emphasizes, mathematics diffens fodhers and
needs representation from the reality largely atehrly to

overcome abstraction which dominates.

ry



J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

With regard to the process of presenting the cantetie digital
story, there is no standardized way for presemtatiwwhere
mostly it may be the following one:

- An approach to the emergence of a certain problem o
Issue or educational situation through presenting a
interesting preliminary situation.

- A detailed presentation of the problem, until &l details
become exactly clear, through which many questiare
asked, and answering them quietly, with stopping th
presentation whenever possible to clarify someaissu

- Providing some solutions which includes the infatiora
needed to be clarified for the learner

- An end to the story (An end to the problem, or the
educational situation) and confirming what has beesented
and to be learned from the story.

El-Shemi(2009) and Wu & Yang(2009) emphasized that there
are no fixed criteria for the digital story prodoct, where the
availability of the aforementioned seven elemeritthe story is
enough to judge its effectiveness. These standexdd with
varying ratios which vary according to the naturge the
educational content itself and the targeted catjegbthe digital
story.

With regard to the patterns of the digital storyntemt
presentation, Jasd2008) and Thetese & JosefR013) suggest
that there are three patterns concerning it:

- Audible Pattern: It is the oldest pattern which contributed to
the collection of a lot of information, which islkstuck in the
mind. Whatever the development of technology resctiee
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audible pattern remains well and fits most educaiio
categories due to its ability to create mental iesaffom the
concepts heard in the story content. It is alscsiclaned the
closest and most widely accepted among studentsdwhuot

tend to read or face difficulties in reading.

- Visual Pattern: It has became the prevalent pattern in the

digital story, especially with young people in ihéial stages
of education who can't read and write and who nasdal
and audible stimuli and other elements of attrgctthe
attention of learners. As is the case in mathematie visual
pattern also gives a great opportunity for the eont
presentation diversity and overcoming the abstraatacter.

- Written Pattern: It is not less important than the previous
patterns, but it suffers negligence to a largergxtthough it
iIs considered the continuous pattern with the learn
throughout his learning journey. It is importantcaese it
develops the learner's ability to draw out the ulyde
meaning of terms and concepts from the written, t@xd the
attempt to make effort to perceive and understaine t
concepts and information included. It is considegedlear
challenge to the learner's thinking.

With regard to the arrangement of patterns within the digital
story according to their importance: The nature of the
educational subject, the goal of the digital stiself, and the
nature of the targeted category (primary schoaestts or higher
stages - ordinary or disabled learning) stand asraer and a
specific determinant to the nature of the requpatlern in every
digital story being presented.
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Digital story and the concept of imagination among
primary school students:

Organizing the knowledge and putting it in a fiod template
makes it more effective in the learner's mentalites and
enables him to remember it more than any other faim
knowledge, where it presents a series of events ianages
underlying certain educational and emotional aspdatough a
set of characters and events affecting the pencgiveind in a
way which facilitates the memorization process a®edelops
imagination for the learner.

After extrapolating some studigggan, 2008; Al-Paul, 2011,

23-25) the researcher found that the relation betweerdipital

story and the skill of imagination among primarya@al students
appears in:

- The learner engages in meaningful learning by usirsgory
which moves his imagination by forming mental imader
some abstractions surrounding him.

- "Egan" (Egan, 2008)found that children in the initial stages
of education have a high ability to evoke mentahges of
things they did see before and that they alreadye ha
abstractive concepts of binary opposites (concept a
nonexistence), where they do not follow the tradial model
[objectives, content, methods, ...., appraisal]which the
learner as demonstrated by this st{ilgan, 2008)may base
a concept or a relationship on a tale or a story.

- A story with its elements and technical componevitishave
the ability to motivate and develop the learnariagination
so that he can find himself in its characters (samecepts
and mathematical terminology), and the descriptdnits
events helps him to form a visual image for thdsaracters,
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which are basically concepts, which makes the kyamore
attentive and influenced to the degree that he rbheso
incorporated and influenced by the stoiynin, 2001).

A digital story may contain surprises which conitd to the
revitalization of the learner, which forces himHhear, hold
and restore it from his memory when needed.

A story language or pattern (audible, written, wi$uoes not
reflect only abstract ideas and information, bugftects also
feelings and emotions sending signals to the Il&arne
imagination before his mind, in addition to its ehdt may be
different from what has been expected, where thehter may
ask his students to imagine the end of the stomclwis then
compared to the actual end of the digital s{&ygan, 2005)

The broad areas of digital story and its uniquditglio raise
the learner's imagination contribute to the ledsn@cquisition
of new experiences and develop his ambitions, whadleve
tension and achieve the desired balance.

A study by(Wu & Yang, 2009) shows that the learner likes
hearing stories and watching presentations thrabgrstory,
where audible or readable words, which are bagicall
concepts, turns into scenes and people seen biedneer
through the power of imagination and more clearly.

A study by (Al-Paul, 2011) emphasizes the link between
linguistic and symbolic development and mental imaton,
where the development in language by a learnerha t
primary grades leads to an increased ability tckevoental
images for things not really existing, and he fesdsif the
concept or the number talks to him, and these imaden
come from the impact of images in the book, whieholften
forms when he watches digital stories.
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- As a result, the imagination can be the backbonteathing
and learning process, if taken into account anéredtinto
some student activities supported by methods ardesgies
developing its dimensions.

A digital story requires the classroom teacherdodct certain
procedures to help in the development of imagimad the
learner, including:

- Reformulating the content in a fictional form arftbosing the
appropriate preparation style for it [the digitébry scenario
represents this formulation].

- Moving inside the digital story, stopping at eachportant
point or situation, and asking the student to es®réne
situation his own way, as if he takes the placthefcharacter
(the concept) in the story.

- Asking the learner to perform the role of some ahtars in
the story in a way which shows to what extent tharrer
benefited from the course of events.

- The inclusion of digital story by certain activdiewhich
encourage the learner to imagine a mathematicateqror
relationship, to describe what it says about itselfa non-
stereotyped way, and the possibility of making dnas from
the learners' imagination to these relationshipsengher
possible.

xI The experiments of some countries with the digitastory
for the educational content:

- The first of these experiments is the Master pnogra E-
Learning at Edinburgh University, United Kingdomritgin).
This program includes 12 courses, which had beeodaced
through the digital story strategy, and providedf-se
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assessment tools, rooms for dialogue, and othdicappns,
which had been distributed over the weeks of stlayeach
week, each student has to write a topic in theudision forum
related to the course, which must include an amsalysthe
digital story contenfHamish, 2009)

The academic technology center experiment at Cornel
University, New York, where the center undertakég t
employment of educational technology by the faculty
members in their courses. The initiative concerrtbd
production and employment of digital storytellinghich took

the form of short video files with audio commentand other
multimedia, which resulted in reduced time learniagd
quick perception and offered a period of time fooren
practical exerciseEdu Cause learning Initiative, 2009)

Formulating (6) courses by using the digital story project
between Georgetown University of Washington, and
Humboldt University of Berlin, and studying the iaqt of
digital technology on teaching. After two years 120 the
opinions from students and faculty members had been
collected which confirmed that the courses wereattarized

by strict organization and attraction towards tleersific
content(Georgetown University, 2009)

Some studies including The study @l-Shemi, 2009)which
aimed to study the impact of changing the web-batigdal
storytelling style on the acquisition and developtmef critical
thinking skills and the attitudes towards thesdskor a sample
of (40) students at the first and second year atfétulty of
specific education — Educational Technology depantnhat Al-
Fayoum. The study findings showed that it is pdedib develop
critical thinking skills, achievement and attitudesvard digital
stories through teaching using any of its pattévisial, audible,
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written), that the visual style was better in atti#s toward it, and
that the written one better in developing achievetm&he study

also recommended activating computer labs to dmrteito the

production of digital stories with all its patterrasxd adopted the
establishment of units to produce digital stormsviarious stages
in conjunction with electronic curricula productioanters.

The study of Al-Paul, 2011)which aimed to examine the impact
of digital story strategy in learning mathematicsaxhievement
and motivation towards learning mathematics foraen@e of
(68) students at Faisal Al-Hussni school in RanalRalestine.
The study findings suggested that there were 8tatis
significance difference between students’ motivatiowards
mathematics and the increase in achievement inr fatcdhe
group which studied using the digital story. Thedst also
recommended the inclusion of digital story in prmama primary
school curricula and the conduct of more researcheserning
it.

The study of(Washington, 2005)and (Hauscarriague, 2008)
agreed with(Al-Paul, 2011) which confirmed that the use of
stories in teaching mathematics increases the ataiiv of
students to learn mathematics.

XI The role of digital story in learning mathematics:

The National Council of Teachers of MathematicsCTWV)

adopted mathematical standards for primary sch@les, which
call that students should have an opportunity te tseir
language as a form of writing, communication arldirig, for

their ideas to communicate together.

Since the story has the capacity to achieve thmsnmonication
(Schank, 2008)and (Al-Paul, 2011) the role of digital story in
the field of teaching mathematics might be:
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1. A digital story offers creative options to help tle&arner to
understand mathematics better where the mind ianirgd
better when you use a digital st¢ggan, 2008, 4)

2. It enables the learner to perceive different exgees, to
encode them into ideas and concepts, and to cahdtrem
inside the memory in an ordered and organized nratine
become a part of his cognitive structure.

3. Introducing mathematical concepts within the litgri@xt as a
story helps the learner to understand the meanihg o
mathematical abstractive facts and generalizatimh ss: the
initial count, algorithms, and even numbéBalakrishnan,
2008, 6)

4. Using the digital story in learning mathematicsl#aa them
to enjoy first, and to motivate them to think aftards, which
provides a coherent and meaningful content for era#tics
for learners in the primary grades, and gives them
representations for mathematical situations, whieh
consistent with Ozubl theory (Meaningful learning).

5. A digital story fosters a child's imagination inirpary
schools, where learning a child does not alwaysg®d from
sensible to abstract and from known to unknown; revhe
(Egan, 2008, 5¥ound that a primary school student possesses
a high ability to evoke mental images never sedorbevhich
he uses then to develop his mathematical imagmatie
shown through the digital story.

+ Imagination in mathematics

Any creative work depends primarily on imaginatizvhere the
learner perceives what happens, imagines what cdudd
achieved, and even may reach to conclusions, vwdpplear to be
right without being able to explain its rationaleshere he
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depended on imagination which is the magical powhich
transcends the world of truth and reality to look reew
relationships, methods and ide@d-Gazar& Abdul Rahman
2003, 119)

The study of(Mansour & Sherbini, 2011) pointed out that the
child imagines before he speaks; when he is twasyehl, his
imagination becomes 2% of his speech; when he is four years
old, his imagination becomes 9% of his speech urditcupies a
space of his mental activity so he parts with tgadind often
contradicts with it; his imagination may develogoircreative
imagination shown in his ability to assemble andate new
images which may not exist in reality. This heljp®s Im building
his mathematical knowledge through developing il ®f
imagination, as the research will show.

The concept of imagination skill

The definitions of imagination varied dependingn o¢he
direction of one's definition, therefore by extrigtimg most
studies, some of these definitions were classdtbllows:

1. Imagination as a mental process:

- A higher mental process based in its essence ablissting
new relations between previous experiences where
organizes them in the form of images the indivicuad never
experienced beforgd AL-Gazar& Abdul Rahman 2003,
124).

- A mental process based on establishing new rekatioom
previous experiences where it organizes them imgoand
images the individual has never experienced begfehalps
& et al., 2010)
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A mental process which occurs inside the mind o th
individual to imagine how things are likely to Heased on
previous experiences to understand the past amchgoove
his reality(Decety, 2004, 5)

A mental process which can highlight what has bieemed
in imagination by mixing images and integratingnthevhich
is called the imaginary obje@outros, 2004, 594)

A mental process which enables the individual toegate
multiple responses to specific stimuli, which reli®@n

transferring stimuli to mental images in the braatording to
a set of cognitive processes. Also, the availgbiif prior

knowledge for the individual about certain situatcor ideas
enables him to exercise imagination in an apprépmanner
(Nofal, 2008, 63)

. Imagination as a pictorial thinking:

It means thinking about images formed for thingd @&sues
which have been identified in a sensory w@eboutillier &
Marks, 2008, 2)

It refers to mental images which lead to an undedihg of
ideas and perception of what happens, and thenadterental
ability to imagine the subject or the external éveside the
memory, which reflects interaction between inneutyhts of
the individual and the displayed concérasinski, 2014, 6)

It is a pictorial process which helps the individua
understand some characteristics of objects or qscm
which the individual uses comparisons and issuinlgments
and interpretationHelen, 2014, 7)

Accordingly, when objects and concepts are chataetk by
simplicity and lack of details when presentedsipossible to
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retrieve their images easily than complex objeatsmost
complicated ones.

. Imagination as a meaningful activity:

It is the process of reconstructing previous exgrees in new
patterns of perceptions or mental images aboutesssur
situations we have already experien¢8therbini & Sadik,
2002, 101)

A meaningful activity which includes the imaginaticof
things and events that exist or don't exist dependin past
experiences the individual learner has already resmpeed
(Bekhit & Ibrahim, 2012, 243).

A process of creating and innovating new imagesuidin
which we may retain the same objects which wererabsr
through which we may invent new imag@&éohamed, 2005,
134)

After extrapolating the previous studies, the resea&her
concluded the following points about imagination:

It involves unleashing ideas without taking intec@ant logic
or reality surrounding the learner.

The student may perceive an idea through imagimatioich
has no existence; therefore it is one of the tyasnovation.

Retrieving previous images sometimes and usingriafnew
situation or subject may be useful in the present.

A mental representation of objects or events whmh't exist,
which includes visual images as well as images Gl
with other areas and emotions.

Accordingly, the researcher concluded the followahgfinition
for the skill of the imagination as "a mental aityivresulting
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from retrieval processes for past experiences andapts and an
integration and assembling within the learner's ommmto

produce another new forms and concepts, measurefthining

verbal or non-verbal responses from the learneressed in
forms and some simple processes in a measuremepéarpd
specifically for this purpose.

As for the characteristics of the imagination skiie studies
conducted by (Schunk, 2009), (Phillps & et al., 2010),
(Bechara& et al.,, 2010), (Juhar& Younis, 2012)(Bekih &

Ibrahim, 2012) pointed out that the characteristics of

imagination are as follows:
- Imagination appears clearly in pre-school children.

- A higher mental process based on remembering tievetthe
mental images of past experiences.

- Appears in a new product by establishing new @tatnips
and ideas from past experiences.

- Imagination provides the mind with things to thiabout,
while knowledge and concepts provide the mind wothls to
describe the outputs of this imagination, followdxy
modeling, transforming, understanding and usingithe

- Imagination and creativity are considered two iatéve
mental processes; where imagination is the basis
innovation and creativity [imagination: a mentab@ess of
how things are likely to be, while creativity: artking pattern
which integrates past experiences with new onegcfwdome
from imagination) which results in other unfamilideas.

- It helps the individual to go beyond the limitsretlity, time
and space, connects between the past by retrievienges, the

¢£o
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present by incorporating them with available thingsd the
future by imagining how objects and concepts wall b

- It is an expression for the mental image in cregtiand
thinking to solve different problems and situations

- Literature of imagination indicates that it mayagpipear and
diminish completely if it is not developed and ehged
through well designed programs, despite its clattyhe age
of 5-6 years.

- Imagination has its clear ratio in mathematics:

counting

Alzebra
Engineering
the
mathematics

0 branches

(Phillps& et al., 2010, 3)
Fig 1: Ratio of Imagination with respect to the aras of math
The nature of imagination and its mechanism:

Some researche(Partin, 2009, 217) (Bechara & et al., 2010)
tried to find the place of imagination process witthe learner's
mental processes group.

The closest perception is:

- Imagination is an automatic process which doeshodd a
reflective nature, and has no relation with theraunding
environment so it is free from it. It is consider@adesult of
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self-development, and is generated inside the itdal as a
spiritual power.

- Another perception believes that the process oginaion is
considered a synthesis for the other psychologioatesses,
where it may be a synthesis for the understandnagvall, or
a synthesis for the perception, memory and créwtivi

- Or that imagination represents perceptions linking past
and the present in the broadest sense of theseppierts.

The assumptions of the process of imagination itfehclude:

- Coincidence Assumption: Assumption which believes that
findings are considered the result of certain &l
perceptions, realizations and interpretations efitidividual
for the circumstances surrounding him in a cersgumation.

- Reconstruction Assumption: Assumption which believes
that imagination depends on mixing, reassemblingl an
arranging emotions and perceptions in a trial anat evay.

- Model Assumption: Assumption which believes that mental
processes like thinking, perception and imaginatiame
considered dynamic models of reality, where thentog
aspect sets models for the outside world, and eseatages
for things that do not exist, which we may obtamotigh
activity. It believes that imagination is respomsibfor
controlling and creating a model to the world oings
difficult to achieve through logic and reality.

In order not to get confused; we can say that thmldiffers
from imagination, where thinking aims to solve aedfic
problem, while imagination in its precise sense dngher
mature image takes place of thinking, where it @mnes its
fundamental basis by collecting, reorganizing aresenting the
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elements of past experience in a new form. Imamginathus
contributes to thinking, and benefits in situatiomkich need
thinking to solve problems, which was confirmed {yan,
2010, 1-8)where he believes that imagination is a form of
thinking that goes beyond the limits of reality eletined by the
society.

[XI Imagination process development stages:

After extrapolating some literature of imaginati@gl-Shemi,
2011) and (Lian, 2010, 1-8) we can distinguish four stages in
which the process of imagination develops:

1. The stage of delusion (3-5 years)Delusive imagination in
which the child doesn't perceive things as they aré his
imagination is limited to the environment wherdikes.

2. The stage of free imagination (5-8 years):A student
imagination tends to go beyond the surrounding renvnent
and the reality he lives, his curiosity grows, msgination
becomes centered around things and concepts, ampd$sion
for imaginary and realistic stories increases $ltthe most
closest stage to the current research, therefarecthrent
research tends to use these processes on concegts a
abstractions in mathematics through the digitadysttinrough
which these concepts and abstractions may speathen
context of well prepared activities and lessons].

3. The stage of championship (8-12 years)n this stage, the
student is interested in reality and facts, rusingsn games
which require a skill, his thoughts become centeaeslind
championship and adventure, and leaves excessive
imagination.
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4. The stage of idealism (12-15 years)in this stage, the
individual moves from realism to idealism, and tend read
more stories.

Most studies suggest that the ability of the indiinal to imagine
begins to diminish and decline when he is nine yedd. As a
result, it must be surrounded by care and develaprieough
well designed and prepared programs, which is dobghthe
current research, where the process of imaginadas to the
learner's thinking, where some studies suggesirttagination is
a key partner in building higher-order thinkinglkskiln addition,
it integrates past perceptions and reassembles themages
closer to reality as a beginning for everythingthe learner's
cognitive structure.

Imagination process types:

Lian (2010, 1-8) suggests that imagination processes have
various types, which can be classified accordinthéonature of
imagination, its purpose, and so on, and can bewed in light

of :

1. The nature of imagination:

- Reproductive Imagination: It means retrieving images and
experiences related to a subject without modifoceti
mentioned, like the retrieval of an image of a pyichor a
cone without identifying the pyramid or the conehene it
depends here on the information and the experieatem
individual and his mental image and the scopesotapacity
and variety which allows him to retrieve them fraime
memory. It depends also on the situation which esaklated
images and ideas.

- Creative Imagination: It means assembling the mental
images of past experiences with one another, aodupmg
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new images from them characterized by authenticity
(unfamiliar and unduplicated)

A creative imagination is closer to the study oftmeanatics
which appears within it through several methods:

» Affixation: Affixing or combining two figures or more to
obtain a new image.

« Confirmation: Focusing on a certain idea or aspect of a
situation or something, just like in cartoons.

* Modeling: It depends on a model repeated in reality just lik
in characters' stories.

 Measuring: It means assembling images which look like
things in reality.

- Emotional Imagination: It means ordering images of past
experiences according to the emotional attitudesl an
willingness not depending on a base or logical, lithkough
which he composes sentences and ideas which ameeole
together, which is a form of emotional imagination.

- Anticipatory Imagination: It means imagination which tends
to anticipate the future especially those related the
achievement of a certain goal, or the imaginatiba process
or movement or step which may contribute to theea@ment
of a certain goal or reaching a conclusion to salv@oblem
in mathematics.

2. The purpose of the process of imagination:

- Intentional Imagination: It is an imagination which is
directed towards the achievement of a clear ematigoal to
form mental images of experiences, therefore tiertednd
activity performed by the individual is voluntaryndh
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intentional to achieve the goal and to achievetdisk, as in
the reproductive and creative imagination.

- Unintentional Imagination: Mental images are formed here
without seeking to achieve a specific goal.

3. The subject of the process of imagination:

- Technical Imagination: In order to produce a technical
work, taste it and understand its meaning.

- Scientific Imagination: It occurs in some hypotheses to find
new facts and imagine the ways which achieve thdiaof
hypotheses as for scientists and their inventions.

- Practical Imagination: In order to master and control any
crucial work or subject like the imagination of thieape of a
particular machine.

- Philosophical Imagination: As the philosopher who goes
beyond the Ilimits of science, organizes and armmnge
postulates through his point of view to reach centgews.

Developing the imagination skill in mathematics:

The study of(Bechara & et al., 2010)emphasized that the skill
of imagination appears clearly with a pre-schoaldc{8-5 years)
where we find him begins to create ideas throughchvtne
approaches life situations to the extent that hmesiones get
confused, then the skill grows as shown in the gsscof
imagination development stages until it diminishegain as
pointed by most related literatures. As imaginat®an essential
part of forming the conceptual thinking and activibf the
individual learner and is linked to learning befdine process of
speaking itself and language acquisition, someiesu®alem,
2009) (Mansy & Al-Mounir, 2011) (Bekhit & Ibrahim, 2012)
(Juhar & Younis, 2012) emphasized that it is possible to
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develop the skill of imagination through learningdatraining
according to the following:

- Learning through reality: It involves using experiences
related to reality. It involves also processing litga
interacting with it and identifying the charactéias of these
experiences and playing with them.

- Learning through reality to provoke perception andbuild
cognitive concepts It involves providing realistic and
concrete experiences related to the learner's sdhise the
concepts which exist in our daily life where thetamgle is
represented by the door, and so on ...].

- Learning through pictures to provoke perception abait
cognitive concepts:It involves using physical images and
certain methods: Models of numbers, symbols, figure
drawings and slides for relationships and conceyptd,others.

- Learning through pondering to provoke perception aml
build cognitive concepts An individual exercises imagining
things and representing it using certain words symdbols. It
iIs an advanced type of developing the skill of imagon
methods.

- Learning through abstract pondering: An individual's
thinking tends to be above abstract thinking wrapiplies to
imagining a group shape, ellipses and hyperbolas in
mathematics which tend to abstraction.

Accordingly, the researcher believes that the slosgethods of
developing the skill of imagination here are thoséated to
images to provoke perception about the cognitivacepts;
where the use of digital stories which are basedsome
mathematical concepts and relationships based walaeality
the learner experiences in the primary grades stag§eg
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advantage of modern technology characteristics eitting
concepts and terms in images closer to the learhere:

- Imagination of a child in the primary grades sttgjess a new

curve due to openness in light of innovations and

technological development, so they must be linkeéth what

they imagine to happen, which opens wide horizohs o

imagination and innovatio{Bekhit & Ibrahim, 2012).

- For the required imagination to occur, the learmeist see,
hear and get impressions about some abstract dsnaap
relationships in mathematics, and keep them innesnory,
provided that they address a number of sensesmibe
information he has and the richer his life exparenabout
abstract concepts are; the more diversified hisréisgons
will be, and the more abilities he will have to emble
images, and his imagination will be excellent amdatve
(EI-Shami, 2011)

- The learner at this stage is interested in mentalges other
than those drawn for him by others or those drawrhis
imagination of limited experiences related to hisno
classroom environment or limited cognitive struetwvhere
he proceeds with his imagination to stories whicdy rntake
him to distant horizons [concepts which speak, tellmoves
in unfamiliar places].

Xl The importance of the skill of imagination in teaclng
mathematics:

After extrapolating some studi¢Shine & Saleh, 2010) (Juhar

& Younis, 2012) the researcher concluded the importance of the

imagination skill in mathematics:
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Increasing the cognitive mastery:Using the activities of
imagination helps the individual to increase mswledge of
basic issues and concepts, develop some techmdahanual
skills associated with these concepts, which issictamed an
essential and effective element in the thinking amehtal
activity system of the individual.

Ability of the learner to think freely: It reflects the learner's
imagination about the existing concept that catweoteached,
as well as the nonexistent term or relationshipiciwimeans

that he goes beyond the limits of reality, time asphce

moving objects, concepts, relationships, numbend, @her

things with him.

Ability of the learner to solve problems and situaibns:

Activating the skill of imagination means analyzirige
mental image he has and reassembling it to reawaform
or idea which fills the gap about a certain concept
relationship or solves a certain mathematical 8@nawhich

needs the new perception obtained by the learner.

Imagination's correlation with the retrieval of stored
images about some concepts and reassembling them means
that imagination is the holographic perception@iaepts and

the activation of performance and creativity around

Ability of the learner to represent reality: Some attitudes
and perceptions can be represented through thatiastiof

the imagination skill through a perceptual représon of

reality. Accordingly, the learner exercises how flrm

concepts in mathematics in light of this repredsorain

different attitudes and situations.

Developing the ability of the learner to expect:Where
training the learner to imagine the steps or procesl of
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establishing a mathematical concept or relationshigolving
a mathematical problem, and accepting his viewsowit
judging or criticizing them contributes to the dieyement of
his ability to forecast the solutions for some neatltical
situations later.

Imagination provides the learner's brain in mathemdics
with stored relations, concepts and imagesWe can
describe the results of this imagination includirsyv models,
relationships and drawings in mathematics through h
cognitive structure.

Both (Ambo Saaidi & El-Baloushi, 2011, 324suggest that
imagination in mathematics helps in:

Approaching abstract concepts and precise proceses
various phenomena.

Thinking deeply of the mathematical concepts agdrés.

Enriching the mental images of the learner which is
considered the basis for the process of generatiagtive
ideas.

Developing the learner's motivation by changing ribgtine,
and giving him a sense of the enormous inventorgnehtal
images he has.

A study by(Helen, 2014)proved that imagination develops
mathematical probabilistic thinking of the learner.

Some studies came to refer to the skill of imagamatin the
educational process, including the study(Abu-Riash & El-
Safi, 2005) which aimed to identify the impact of a training
program based on directed imagination in developsif-
efficacy among a sample of (100) students in thetfioprimary
grade in Jerash governorate at Jordan. Its resottBrmed the
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effectiveness of the training program based on ctbce
imagination in developing perceived self-efficacyr fthe
experimental group other than the control one. $hely of
(Salem, 2009)aimed to identify the effectiveness of education
based on directed imagination in developing thésskeyond the
knowledge for a sample of (100) schoolgirls at #ementary
stage in Mecca. The study revealed the presenstabstically
significant differences in favor of the set of stats who studied
by the strategy of directed imagination on a seffert scale
(which was prepared by the researcher for skillgohd the
knowledge).

In the field of mathematics, the study(dtihar & Younis, 2012)
came, which aimed to identify the impact of traqion the
mathematical problem using a strategy supporteddibgcted
imagination to solve the problems of physics fadsnts in the
preparatory stage on a sample of (59) studentiserfifth grade

at the central school of Mosul. The results rewk@ie presence
of statistically significant differences betweer thwo groups of
research in the test of solving the problems ofspisyin favor of
the group supported by directed imagination, Thedystof
(Helen, 2014)aimed to develop a strategy to develop creative
Imagination in certain mathematical skills suchddferentiation
and establishing life attitudes for the geometrguifes in the
activities of the third and fourth primary gradesdompensate
for the abstraction of concepts and terms upon lwthese skills
are based, The study QArielle, 2015) was an analytical study
which aimed to transform mathematics and its cdntenthe
primary stage into acceptable logic for the chddrher through a
renewed imagination based on the intuitive nature o
mathematics around us without relying on specigaching
methods. Actually, the study was able to analyzenerous
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studies about the concept of imagination in mathiesyavhere it
confirmed the reliability of some intuitions anékliattitudes that
can be used in developing some aspects of imagmdfinally,

it pointed the reliability of technology in repres&g some
attitudes, concepts, and complex relationshipshif®eryoung child
in the primary grades stage.

The study of(Patras, 2015)addressed how to develop plans for
moderate imagination in mathematics for the prinsatyool. The
study incorporated a lot of plans as a kind of supfpor the
child's imagination at this stage, some of whichn cae
implemented in participation with the teacher wiotbers seem
more complex which need a specialist in the ardagarhing
methods and psychology. The study emphasized that not
necessarily to adhere to these plans where thegoargdered a
kind of directed training for primary school stutkenit also
noted that the classroom environment plays an itaporole in
developing the skill of imagination, that digitahveronments
which rely on advanced technology may play a rote i
developing imagination in certain natural scienessociated
with reality and the daily life of the student.also incorporated
mathematics specifically among these sciences.

¢ Numerical intelligence in mathematics:

Mathematics is a universal language which deritssldtters
from the numbers of counting, its words from nunsbeits
mathematical phrases from organizing different apens and
identifying numerical relations. We can enrich ttaaguage by
perceiving and developing this system. Its religbidlepends on
its usefulness and the ability to employ it in eifint situations.
Mathematics is that branch which examines numesgatems,
situations, relationships between numbers and ecklat
mathematical operations [Addition — Subtraction uitiplication
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- Division]. It is interested in the numerical st which is
developed historically by the development of hurtaran
thought.

The concept of numerical intelligence:

Some studies write "numerical intelligence ... or. logical
mathematical intelligence" without referring to adgferences.
As a result, the researcher believes that he miast Bom
numerical perception and computational performahee to the
accuracy of relationship between both and numeimtalligence,
where all of them are basically part of logical hshatical
intelligence:

With the rapid scientific developments and with ittty the
idea that numbers have several representationgreagkes never
introduced before over the ages of mathematics invay
expressing the need for it, the National CouncilTekchers of
Mathematics (NCTM) in the years (1989, 1991, 1995)
announced adopting the concept of numerical paoremnd
computational performance under the headings:

- Fifth criterion: The relationship between numberad a
numerical perception.

- Seventh criterion: Calculation, Estimation, and @atational
Performance(El-Khatib, 2011, 2285)

Numerical Perception: It is a kind of thinking used to describe
the process of mental calculation and the abibtyac¢quire basic
facts and skills, solve numerical problems. It Haatures
outlined without details in [perceiving the sigondince of
numbers - perceiving the impact of operations omimers — the
numerical mark differentiating numbers].
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On the other hand, treomputational performancerefers to the
necessary steps required to reach the result dhnaetic
calculations accurately and precisely, while thamerical
situation refers to new and distinct problems which talk wtbo
practical life which often come in a test of numatisituations
prepared in advance.

In light of the above points, the study @&l-Maghrabi, 2012,
37) suggests that the concept of numerical intelligemn a
natural progression for those outlined conceptsre/mumbers
have several representations, images and faceser&tadding
numbers therefore includes perceiving not only ribenber but
also the complex system of interrelationships iditlg (greater
than and smaller than), differentiating relatiopshand patterns
between concepts and numbers, and how to use nsirtbeget
out of a certain situation in mathematics.

As pointed out by(Ali, 2005, 269) logical mathematical
intelligence is the use of numbers effectively aifterentiating
relationships between concepts. The study(B&dr, 2003)
(Morgan, 2005) (Hafid, 2013)agreed with Ali that logical
mathematical intelligence includes the ability tgital and
numerical reasoning and thinking cognitively in tfm@dels of
numbers, and that it includes pre-number concepth sas
classification; there is no doubt that numericatliilgence is an
essential part of logical mathematical intelligemd®ere it has its
characteristics and determinants, both togethepanteof general
intelligence known as multiple intelligences by @zer
(Gardner, 2005)

After extrapolating some studi€ali, 2005) (El-Khatib, 2011)
(EI-Maghrabi, 2012) (Hafid, 2013) we can conclude some
common characteristics between numerical intellbgerand
logical mathematical intelligence:
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- Ability of the individual to use numbers effectiyelvhich
appears in its abstract relations, classificatsaimmarization
and generalization.

- Differentiating the relations linking numbers by ing
reasoning, deduction and logic.

- People who have this (numerical — logical mathera#ti
intelligence tend to: work with numbers, think abauvhat
connects them and analyze the mental calculationegses
and their accuracy.

- A good understanding of numerical systems and migalith
every day or life numerical situations the |learegperiences
well.

- The presence of underlying skills such as: clasgify
arranging, and performing various calculations

- They represent effective communication between
mathematics as activities and exercises, and tmeencal
situations which may appear in life activities iatmematics.

Accordingly, we can define numerical intelligence"the ability
which expresses reasoning between numbers, pergeivie
interrelationships between them, and the possibilibf
concluding information linking thenTEI-Khatib, 2011, 7)

In addition, (EL-Maghrabi, 2012, 5) defines it as: "the logical
mathematical intelligence itself and one of the tipld

intelligences by Gardner which means the abilitydeal with

information about objects, numbers and logical mathtical

abstract relations and the ability to carry oubenplex series of
reasoning and inductive thinking."

The researcher defines it as "a part of logical hewatical
intelligence which includes only some abilities eieg@ing on
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numbers and the relationships between them likssifieation,
arrangement and summarization more clearly. Itinkeld to
mental calculation and perceiving the significarméenumbers
and operations related without addressing the ctatipnal
performance and its steps. It also goes beyond tthighe
understanding of the numerical system which appearthe
results of mathematical activities in the connattioetween
mathematics as a science and daily life activities"

As for the studies which only addressed numeridalligence in
mathematics, they are few as far as the reseakciosvs. Most
studies which were few focused on logical matheraiti
intelligence due to the confusion between the cpihoef
numerical intelligence and the concept of logicaltmematical
intelligence like: The study dAli, 2005) which aimed to build a
model for numerical perception development anddaniify its
impact on logical mathematical intelligence amongmpry
school students. The study (@&l-Khatib, 2011) which included
numerical intelligence only and referred to itt& similarity with
numerical situations in mathematics when it exanhitie impact
of using the problem-solving strategy on numerjgaiception,
computational performance and numerical situatmms sample
of (100) students at the six primary grade at Jordae findings
of the study showed a positive impact for the eggton
numerical perception, computational performance raunaerical
situations in mathematics. The study (@&l-Hifnawy, 2010)
which aimed to identify the effectiveness of a megd computer
program to develop (logical mathematical intelligen visual
intelligence) among students in the primary gradebasic
education. The study dqHafid, 2013) which aimed to use the
visual approach with the help of a computer in dtgyeg logical
mathematical intelligence among preparatory scht@ments. No
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study identified the concept of logical mathemadtiogelligence

except the study ofl-Maghrabi, 2013) which aimed to study
the relationship between numerical intelligence,marical

perception and achievement for students in the ndkvbasic
grade in mathematics in Hebron governorate, whieeestudy
confirmed the presence of a positive correlatedticiship

between them.

Some studies however sought to develop the comdfemimber
through the (classification, sequence, arrangenoambination,
symmetry) skills as certain features which reflectmerical
intelligence as agreed by previous studies infibld, including
the study of(Abd-ElWarith, 2008), which aimed to identify the
effectiveness of a computerized program to devetbp
(classification, sequence) concepts among chilavith mental
disabilities. The results showed the effectiverasthe program
in developing classification and sequence concepteh are
included within the learner's number concept, whech part of
numerical intelligence as has been identified masly. The
study of(Saeed, 2010used an educational portfolio to develop
the learner's performance with regard to the canoémumber
(symmetry, arrangement, ...). Its results showedeffectiveness
of the bag in developing the concept of numberitdperations
for the targeted group of the study in the expenitalegroup.

Foreign studies paid attention to numerical ingelice as a
relational variable with other mathematical vare)lwhere the
study of (Passolunghi & et al.,, 2014)aimed to examine the
relationship between the learner's digital memaowy lais abilities
to remember mathematical concepts, as well asdla¢ianship
between numerical intelligence and mathematicseaelnnent. Its
results showed that the digital memory has a dimepact on the
individual's mathematics achievement, that the mioake
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intelligence is considered a direct interpretatioh digital
memory and that there is no correlated relationfigpveen it
and achievement. Also, the study recommended malesgns
proposed by the math teacher to develop the |€armgyital
memory as a new pattern to develop his numerit¢elligence in
mathematics which affects his mathematical absdlitadter.

(Gilmore & et al., 2010) examined how the child learns
numerical intelligence and its relation with direxiunting and
classification skills and the use of mathematicatdg and rules:
The researcher found that numerical intelligenceragnthem
was not significantly affected through two expenma groups
where he attributed this to the cultural and sdesdkgrounds of
the two groups, the learner's symbolic backgroumttithe way of
writing the number from the beginning which mayeatff his
numerical intelligence where he emphasized tha linked to
the learner's cognitive backgrounds with regardntages and
experiences.

The study ofCarmen & et. al., 2014)appeared which aimed to
determine the effect of numbers on offering sohsiofor
mathematical problems through the child's abilaydevelop a
simplified map for the solution through the two gps (a group
which relied on matrices for the solution and al&tive
solutions, and a group which relied on direct nurald@rough
numerical relations about solutions). The resuhliewaed that
matrices' solutions only give a beginning for tlidusons while
numerical relations were better in completing sohg and
reaching their end.

The study of(Desoete & Gregoire, 2015aimed to examine the
numerical abilities of children with learning dttilties in
mathematics especially their numerical intelligencét
emphasized through measurement that their numerical
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intelligence ratios range from 50 % - 60 % but tHayed

however in some reasoning abilities which need gnitive

background related to numerical intelligence baSise study
pointed out that numerical intelligence is consediethe source
of the learner's abilities in most forms of mermalculations and
various numerical situations.

The researcher concluded the following from the pds
studies:

Arabic studies which focused on numerical intelige were
few which appeared inclusively with logical matheicesl
intelligence like: The study ofAli, 2005) which aimed to
build a model for numerical perception developmand to
identify its impact on logical mathematical intgince among
primary school students. The study (&l-Hifnawy, 2010)
which aimed to identify the effectiveness of a megd
computer program to develop (logical mathematical
intelligence - visual intelligence) among studemts the
primary grade of basic education. The study(EifKhatib,
2011 which included numerical intelligence only anéereed

to it in its similarity with numerical situations imathematics
The study of(Hafid, 2013 which aimed to use the visual
approach with the help of a computer in develodogcal
mathematical intelligence among preparatory sckaalents.
No study identified the concept of logical mathest
intelligence except the study @El-Maghrabi, 2013) which
aimed to study the relationship between numerical
intelligence, numerical perception and achieveméort
students in the seventh basic grade in mathematics.

While foreign studies focused on the relation betwe
numerical intelligence and other mathematical \des, and
how it develops also like: The study (fassolunghi & et al.,
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2014) which aimed to examine the relationship between th
learner's digital memory and his abilities to rerbem
mathematical concepts, as well as the relationbkigveen
numerical intelligence and mathematics achieveméhe
study of(Carmen & et al., 2014)which aimed to determine
the effect of numbers on offering solutions for heabatical
problems through the child's ability to developimmified
map for the solution. The study @&Bilmore & et al., 2010)
which examined how the child learns numerical lijehce
and its relation with direct counting and classifion skills
and the use of mathematical words and rules. Tindy sbf
(Desoete & Gregoire, 2015which aimed to examine the
numerical abilities of children with learning dttilties in
mathematics especially their numerical intelligence

Therefore, it seems that there is a lack of studieish focus on
the concept of numerical intelligence solely withothe
remaining multiple intelligences especially in thHeld of
learning mathematics, and given the importance wherical
intelligence in developing and perceiving numbersd ahe
relations between them, which is the basis for dig the
mathematical knowledge, which may appear in lifaagions of
mathematics especially in the early stages of dauc§orimary
grades); the researcher found an opportunity tdystiie impact
of digital story in mathematics on developing themerical
intelligence of students in this stage.

¢ The (impulsive/reflective) cognitive style:
XI The concept of numerical intelligence:

The cognitive style explains differentiation betwaadividuals
in different cognitive processes. The more difféstad the
individual's cognitive structure is, the more apihe will have to
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respond in a distinctive way in different educasibsituations,
while the lower differentiated the individual ishet less
correlation his response is. This differentiatisnnot limited to
different cognitive processes (like thinking, renteEmng,
composing and dealing with information) through evhiwe
acquire information, but also in the way of acqgriand
processing the information itself.

There are a number of cognitive style classificajoncluding:
- Field Independence vs. dependence.

- Cognitive Simplicity vs. Cognitive Complexity.

- Risk Taking vs. Cautiousness.

- Impulsivity vs. Reflectivity

(Ibrahim, 2011, 8) believes that the individual is considered
impulsive: If the time he takes to perform the test is kbss the
average with committing a number of mistakes mdwantthe
average, while the individual is consideredlective: If the time
he takes to perform the test is more than the geenaith
committing a number of mistakes less than the aeera

The current study addresses the impulse style setbe
deliberation style. We can say that individuals wiemd to
ponder the alternatives available for solving inucational
situations - and commit the fewest number of missakre called
(analytic individuals), and that individuals whovgiimmediate
and rapid responses for the same situation - anantioa larger
number of mistakes in their attempt to reach theecd answer
are called (holistic individualgKabli, 2011).

After extrapolating some studies and literatutesahim, 2008)
(Fawaz, 2009) (Kabli, 2011) the researcher concluded the
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following about the concept of impulsive and refilee in the
cognitive style:

- The tendency of an individual to respond in a ddtve and
specific way in problems solving situations wherdasge
number of responses are available.

- The tendency of an individual to respond quicklyewhhe
faces risks. The responses of impulsive are oft@orrect
because they inaccurately deal with alternativeslifey to
solutions. On the other hand, the reflective pondaed
examine inputs and alternatives in the situatieal d¢arefully
with alternatives and check them before answering.

- The cognitive style is linked to the tendency fefiloeration
or impulse before responding to a problem or issoiging
task with specific answer.

The researcher concludes the following definitioor fthe

(impulsive/reflective) cognitive style : A variabterough which

we can distinguish between those who contemplatdwion for

an idea or activity before confirming it, and thagko respond
immediately for the first solution occurs to hirmdaexpresses
the individual's special way in dealing with infaation, whether
receiving or expressing them. It is measured orbtss of two

dimensions (latency/ accuracy), the learner witdognitive style

(impulsive) is the one who tends to respond rapidlgituations
and commits larger number of mistakes, while tlzener with a
cognitive style (reflective) is the one who tends dgive a

response after a suitable amount of time in conkatng the

essence of the available alternatives in solvimgri&w situation,
and commits fewer number of mistakes.
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The characteristics of individuals with the (impulsve/
reflective) cognitive style:

There is a set of features and characteristiagshatistinguish
between cognitively impulsive and reflective indivals
including: (Ibrahim, 2008) (Fawaz, 2009) (Kabli, 2011)

- A reflective person (before answering) distingusskiee basic
parts of the mathematical concept or situationrawcews the
model studied to determine whether this featuteessame or
different from the one in the model; while an ingué
compares the figure or the concept with the modelai
comprehensive manner without reviewing details.

- An impulsive person is characterized by rashnesd an
inaccuracies in solving, while a reflective tends t
reflectiveness with more accuracy.

- An impulsive person is better than a reflectiverstgely in
distributing attention between all existing altéiwas for the
solution and in comparing between these alternativkich
helps him to reach the correct solution with thedst number
of attempts and mistakes.

- A reflective person commits fewer mistakes on the
(impulsivity/ reflectivity) test, while an impulses commits
more mistakes during his attempt to reach the cobaeswer
in the different learning tasks.

- A reflective student examines alternatives well asdotes
more time to consider all available alternativefoiee giving
responses, while an impulsive identifies an altiveaas it is
correct without regard for the remaining alternasiv
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- An impulsive student cognitively achieves less than
reflective colleague, and his efficiency in the wibge skills
Is lower.

- A reflective student can collect similar things @& more
distinctive way than the impulsive one.

- A reflective student focus on the quality of penfi@nce and
attitude more than the rashness in response, wduile
impulsive one is moved by the rashness in response.

- A reflective student is more flexible than the irfgine one;
where he can change his responses and his waydatgdo
the teacher's requirements and the nature of thke ¢a
activity itself.

A question arises here about whether the "reflettaognitive
style dimension is better than the impulsive onadouracy and
shape of response without errors, which is relatedognitive
achievement. Is there a relation between this hadnbagination
skill in mathematics or numerical intelligence kik to the
patterns, the shape and nature of numerical Sstils it
possible to modify the impulsive behavior througldigital story
in mathematics which helps him to exercise postpprquick
responses and a closer look at the details of thAthematical
situation or concept before judging or answeringuastion in a
certain educational situation?

[XI Measuring the (impulsive/reflective) cognitive styé:

The researchers used two dimensions in the @éldognitive
style to measure impulse and deliberation:

- Latency dimension: It means the time which elapses in the
first attempt by the individual to respond.
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- Accuracy dimension: It determines the number of mistakes
committed by the individual in his attempt to redhbk right
solution.

(Ibrahim, 2011) concluded after a series of researches how to
measure the (impulsive/reflective) cognitive stygng MFFT
(Matching Familiar Figures Test) which consists familiar
figures which suit the age of the learner, wherecbecluded
three images:

1. A test which suits adult individuals.
2. A test which suits primary school children.
3. A test which suits pre-school children.

Since the number of alternatives and their difficliével varies
in the three tests' terms and because performawéares the
individual to match between a standard figure aedesal

alternatives for the same familiar figure with gresence of one
figure among them which exactly matches the stahdigure

and with the remaining alternatives varying in jBeclements,
the researcher used a stopwatch to determine riiee thken in
the first response for each term [i.e., the timéheffirst choice in
each term] as well as the number of mistakes oh &am.

Based on the total latency time for each term, #rel total
number of mistakes on each term, the members dahmple are
classified into groups as follows:

- Impulsive Individuals: who spend latency time lower than
the average latency time of the members of the Eamp
(group) and commits a number of mistakes more tinen
average number of mistakes of the members of tinplea

- Reflective Individuals: who spend latency time higher than
the average latency time of the members of the Eamp
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(group) and commits a number of mistakes less tinen
average number of mistakes of the members of tinplea

- Fast-Accurate Impulsive Individuals (who are characterized

by speed with accuracy): A group with a latencyetitower
than the average latency time of the members oEdmeple
and a number of mistakes less than the average eruaib
mistakes of the members of the sample.

- Slow-Inaccurate  Reflective Individuals (who are
characterized by slowness with inaccuracy): A grough a
latency time higher than the average latency tirhethe
members of the sample and a number of mistakes thare
the average number of mistakes of the members ef
sample.

The current research is limited to cognitively irgiwe and
reflective individuals only and excludes fast-aatarimpulsive
and slow-inaccurate reflective where their clasation lies
outside the limits of the current research.

Many studies have been conducted to identify thatiomship
between the (impulsive/reflective) cognitive styland certain
variables in the field of teaching mathematicsludmg:

The study of (Amziane, 2000) which aimed to identihe
relationship between the cognitive style and matia®
achievement among a sample of children at the firshary
stage (6-7 years). The results of the study shostatistically
significant differences due to differences in tlogrative style
where differences were in favor of independent estisl
(reflective in the cognitive style).

On the other hand, the study(@hang, 2004)aimed to study the
(impulsive/reflective) cognitive style and its agbn to
mathematics achievement, where the study showesthndicant
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differences between impulsive and reflective in heatatical

achievement. The study @fardat, 2005)agreed with this study
which aimed to study the impact of the cognitivgleston

achievement and mathematical thinking among a sanmbl
schoolgirls at the middle stage at Jordan. Theystltbwed

statistically significant differences between thweotgroups of
research in mathematical thinking in favor of refiee. On the
other hand, there were no differences between snmiland
reflective in mathematical achievement.

In the same context, the study(dfahmoud, 2006)came, which
aimed to study the emotional intelligence and tlsadamic
achievement in light of the (impulsive/reflectiveégnitive style
for students at the faculty of education at thevdrsity of
Alexandria - mathematics specialization. Where thiedy
showed statistically significant differences in tboémotional
intelligence and academic achievement due to eéiffiegs in the
cognitive style. The results were in favor of cdiyely reflective
students.

It also agreed with the study (El-Shorbaji & El-Wakil, 2009)

which aimed to study the impact of the (impulsieéfctive)
cognitive style on mathematics achievement amongngoy
school students in the fifth grade. The study abkowed that
reflective students were better than impulsive ones
mathematical achievement.

As to the relationship between the (impulsive/iefie)
cognitive style and certain computerized programsthe
educational process:

The study of(lbrahim, 2008) came which aimed to use a
computerized program (supported by the habits ohanezation)
among (impulsive - reflective) students to develtpe
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achievement and using the Web skills. The resulthe study
showed differences in favor of cognitively refleetistudents (in
using the Web skills and the cognitive achievend@minsion).

The study of Ahmed, 2008)agreed with this study which aimed
to identify the (impulsive/reflective) cognitivey# with the
most useful educational hypermedia programs (actieesus
normal). The results showed that students withgnitwe style
(deliberation) achieved better results in learnitigrough
educational computer programs compared to studerits a
cognitive style (impulse). On the other hand, ttuelg of (Attia,
2008) showed no differences between impulsive and reflec
students in the efficiency of the skilled perforrmamssociated
with the cognitive aspect of learning through ediocal
computer programs.

In another study(lbrahim, 2011) which aimed to identify the
difference  between  computer programs and the
(impulsive/reflective) cognitive style in develogirachievement
and certain computer skills for primary school stug in the
fifth grade, the researcher also found that theas mo statistical
significant difference in achievement in the congpwdourse due
to the difference in the (impulsive/reflective) odtve style ,
where he found the difference only in skills whigkre in favor
of reflective students. In addition, the study(dfdane, 2011)
showed differences between the averages of the sete of
research due to the difference in the (impulsivie/cave)
cognitive style in immediate and delayed achiev#nrescience
in the six primary grade where reflective studemntse better.

The researcher concluded the following from the pds
studies:
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There is clear contradiction between the reseashlts about
the impact of the difference in the (impulsivel/eetive)
cognitive style . Some studies pointed out the gares of a
difference in certain variables due to the cogaitstyle like
[(EI-Amin, 1997) There are differences in the performance of
teachers in favor of cognitively reflectivgAmziane, 2000)
There are differences in mathematics achievemefavior of
cognitively reflective -(Jardat, 2005) There are differences
in mathematical thinking in favor of cognitivelyfiective -
(Mahmoud, 2006) There are differences in both emotional
intelligence and academic achievement in favorogingively
reflective - (EI-Shorbaji & EI-Wakil, 2009) There are
differences in mathematics achievement among pyimar
school students in the fifth grade who are cogeijiv
reflective].

Other studies however showed no differences betwken
two styles like (Zhang, 2004) There are no differences in
mathematics achievement between impulsive andctaféein
the cognitive style {Jardat, 2005) There are no differences
between impulsive and reflective in mathematicseacment
among middle stage studentgAttia, 2008) There are no
differences between impulsive and reflective stislem the
efficiency of the skilled performance associatedchwihe
cognitive aspect of learning through educationaingoter
programs {lbrahim, 2011) There is no statistical significant
difference in achievement in the computer course tuthe
difference in the (impulsive/reflective) cognitisgyle |

As a result, the current research found an oppibyttm study
the impact of interaction between the digital stary
mathematics and the cognitive style (impulse versus
deliberation) on the two dimensions of mathematical
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imagination and numerical intelligence in matheogtiwvhich
has not been examined before by past researchas a&s the
researcher knows.

¢ The experimental framework of the research

- In order to validate the research's hypothesesaasder its
guestions, the researcher adopted the followingguhores:

First: Choosing the educational contentA unit "operations on
numbers" studied by primary school first gradele tecond
semester 2016/2017 has been chosen. The reasocdisofasing
this unit:

¢ The unit contains a set of concepts and operatansumbers
in a way which is appropriate for the nature of gmnation in
mathematics and the degree of need for it: likabkdishing
new relationships from previous experiences (winemabers
have been studied by students in the first semestethat
they organize those experiences in figures and esachich
are unfamiliar for the individual; highlighting whhas been
formed in the imagination by combining and assengpli
images to form the imagined object (a new image thar
concept or the relationship). It is also a mentacpss which
enables the individual to generate multiple respsn$o
specific stimuli (previous concepts) with the aahility of
prior knowledge for the individual about situatidios certain
ideas which enables him to exercise imaginationam
appropriate manner. It is a pictorial process wrhhelps the
individual to understand some characteristics gedb or
concepts. Accordingly, when objects and concepts ar
characterized by simplicity and lack of detaildsipossible to
retrieve their images easily than most complicalgécts.
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The unit contains some numerical operations aradiogiships
appropriate for the nature of numerical intelligenmn

mathematics which includes solving some numerical

problems, and the possibility of getting out of igas
numerical situations including [describing mentalcalation
operations, acquiring basic facts and skills, deagcfor the
results of operations, and how to get out of matteral
situations using numbers] through activities reflex the
communication between mathematics and life, whigh loe
offered in the unit "operations on numbers".

The unit is considered one of the best units treat be
processed through the digital story style wheregethis a
possibility to advance in the scenario content dhigoand
tightly to facilitate the process of finding thentent which
contains a technological panel (multimedia) with an
educational dimension related to the nature of eraHtics
where processing seeks to get it out of abstraction

The period of teaching the unit is suitable whiéters a full
opportunity for training on the skill of imaginatioand
numerical intelligence in mathematics through ai#is and
representations available for numbers and theiratioss.

Second: designing the unit in light of the digitalstory in
mathematicswith animated bilateral and trilateral figures:

The researcher adopted a set of procedures aresdtagnsure a
well-designed educational unit in light of the digistory. These
procedures include the following:

v' The stage of study and analysis which included:
1. Identifying the characteristics and needs of learns: Since

they are primary school students at the first gratle didn't
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previously experience any teaching method basedigital
technology in learning mathematics, whose expeeessems
to be limited in term of concepts and relationshppssented
within the numbers unit, the content represents eav n
experience for them, the operations on number&fber with
the possibility to deal with them in different igsuand
situations in a way unfamiliar to use in practiti@ seems to
be an important educational need, the need tevetthem in
various images and to identify relationships thatrect
them; all are important in the stages of learnirgghematics
later.

. Identifying the sources and resourceshat have been relied
upon to produce a digital story with good spectfaas: The
research adopted LCMS "learning content management
system" and a classroom environment depending amial
tools including an educational computer for eacarrer,
earphones and the possibility of a standard vigitim enough
space for all.

The stage of design:After determining the educational
content (which is the concept of numbers and sgoeeadions
on them), a digital story has been designatedhercontent
with its own objectives, elements and conceptsheraatical
activities, guidelines on how to deal with it andthwits
associated activities. After that, the content besn designed
on this basis.

The stage of preparing the scenario:The researcher
extrapolates all the available scenarios desigreddigital
stories with bilateral and trilateral forms esp#gian the field
of mathematics. In light of the recognized standashd
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rules, and the technical and educational criteria ®d@sign,
he produces a scenario for the digital story:

Table (2): Part of a digital story scenario

Saréeen Screen Animated images and drawings Sound Depeandihdnteracting Remarks
1 Clear A main design for numbers from 1 to 10 Number 0: Exercise on Introduction -
with exercises: number O backgrounds
. . relevant to

Number 0: Exercise on nhumber 0 Numtlg)ers 1,2, 3: Exercises Qng,ch subject
Numbers 1, 2, 3: Exercises on numbers 1, numbers 1, 2, 3 and the age
2,3 Numbers 4, 5: Exercises on | droup (5-6

numbers 4, 5 years) and the
Numbers 4, 5: Exercises on numbers 4| 5 word
Numbers 6, 7, 8: Exercises on number 5, ml:nr?tk)):rrsée7788 Exercises ¢ n.ﬁ?(léz]?nezl s
78 . screens to the

) ) Number 9, 10: Exercises on| |of

Number 9, 10: Exercises on numbers 9 numbers 9, 10
10

Index Key

Previous Key

Next key

Reset Key

Switch Off Key

Sound

Exit Key

Exercise on each group of

numbers- Exercises

v" The stage of production and developmentin this stage, the

researcher used a number of programs to produdgitald
story unit:

Adobe Flash Program: some animated and fixed images
were portrayed from the nature surrounding thenkeamwhile
other images obtained from the internet were psEzand
edited in producing a digital story.

Audio Recorder Program: In order to produce a sound
which accompanies concepts and relationships.

* You can go back to the attachment (1): The digitaty evaluation form for the unit of numbers and
operations on them for the first primary grade
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- Word2Pdf Program: In order to write the number in
different formats and positions.

» The following has been taken into account:

- The size of concepts, numbers and its displayimg tshould
approach and be relevant to the age group.

- The number of operations on each screen shouleéxused
two operations.

- The learner should not be exhausted by expandirg th
duration of knowledge and lengthy presentation @the
screen for more than 4 minutes so that he doesh'b@gred
and starts absent-mindedness.

- Inputs should be diversified between each scredraanther.

- This has been taken into account clearly which epear
during the accompanying digital story presentationthe
USB.

v' The stage of experimentation and evaluationThe unit has
been presented at this stage in light of the digiary to a
group of specialists [professors at teaching matties
methods and education techniques] to ensure its
appropriateness for achieving the goals and thétgwd unit
design and production. It has been presented tooapgof
primary school teachers to identify their opiniandight of
their proximity to the age group. After implemertiall the
required instructions and guidelines, the unit ombers and
operations on them in light of the digital storythwanimated
bilateral and trilateral dimensions became readyttie final
application.

Third: Setting the research tools:
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1.

The numerical intelligence test in mathematics for
primary school students at the first grade [prepare by
the researcher]

The test aims to measure the extent of acquiringneso
numerical intelligence abilities by students afardying the
unit by using the digital story.

The terms of the test have been formulated in ligihthe
extrapolation of some previous studies for numeérica
intelligencelike (EI-Maghrabi, 2012) (Passolunghi & et al.,
2014) (Carmen & et al., 2014) (Desoete & Gregoire015)
where terms were formulated on the pattern of cetmy
some sequences, relations between numbers and their
analogies of images, which are related to someatipaes on
numbers [classification, arrangement, ...].

The researcher aimed to design the test on two rdimes
[numbers and their analogies - figures of sequeraas
arrangement]. The following table shows how terme a
distributed on the test dimensions.

Table (3): Distributing the terms on the dimension®f the numerical

intelligence test in mathematics

1

Numbers and their analogies 2,4,5 3 grades

2

Figures of sequences and arrangement 1,3 8 grades|

a)

Verifying the test psychometric requirements:
Measuring the test validity:

Validity of arbitrators: The test was presented in its initial
form to a number of specialists in curricula andcteng
methods to express their opinion on the degreeheftést
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validity and its terms. Edition and deletion haweb done
based on their opinions. Some terms have been eHatog
avoid the repetition of meaning or reformulationight of the
arbitrators' views. Terms which had a degree otagent
(80%) or more have been accepted.

b) Internal

the dimension to which they are
coefficients were as follows:

consistency coefficient: After

calculating the
correlation coefficient between terms and the tetadre for

related,

corretatio

Table (4): The correlation coefficients between tens and the total score
for the dimension to which they are related

Number of

Correlation

Dimension . Correlation coefficient Dimension Number of itent 1al
item coefficient
2 0.74 ** 1 0.59 **
Figures of
thei anslogied sequences and
9IS 4 0.66 ** arrangement

3 0.65 **

5 0.77 *

** Significant at € 0.01): It appears from the above table that atletation
coefficients for terms by the total score of suimensions to which they are
related are significant at the level@.01).
C) Calculating the sub-dimensional correlation coeffients with
each other:Table (5) illustrates the following :
Table (5): Sub-dimensional correlation coefficientsvith each other and
with the numerical intelligence test as a whole

Dimension

Numbers and their
analogies

The test as a whole

Numbers and their

analogies

0.67 **

Figures of sequences and

arrangement

0.64 **

0.59 **

** Significant at € 0.01): It appears from the above table that dil su
dimensional correlation coefficients with each othed with the test
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as a whole are statistically significant at theele{c 0.01). It
appears from the above that the numerical intelbgeest can be
applied on the main test sample.

» Calculating consistency: The consistency has been
calculated for each dimension on exploratory reseaample
(A number of 30 students in the first primary gradéout
the main research group) using the Cronbach's Alpha

Table (6): The correlation coefficients for the twodimensions of
numerical intelligence test in mathematics

. . Numbers and their Figures of The testas a
Dimension :
analogies sequences whole
Cronbach 0.67 0.68 0.78
s Alpha

The above table shows the reliability of the tesd ahe
possibility of administering it to the main resdagroup.

» Calculating the application time: It appears from the
exploratory experimentation for the test that tippli@ation
average time is 30 minutes.

» The final form for the test. The number of test terms
reached 5 terms in two dimensions as has been simotahle
(3); the grades are distributed on questions in the attaoh
(3) related to the test; the final score of the test becomes (11
grades).

2. The mathematical imagination test for primary schod
students at the first grade [prepared by the reseaher]

® See the attachment (3): The numerical intelligemsein mathematics among primary school first grad
in its final form.
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» The test aims to measure the extent of acquiringneso
mathematical imagination abilities by students ragteidying
the unit by using the digital story.

» The terms of the test have been formulated in lgfhthe
extrapolation of some previous studies for mathemakt
imagination like(Juhar& Younis, 2012) - (Helen, 2014) -
(Arielle, 2015) - (Patras, 2015yhere items were formulated
in light of some indicators of imagination in mathegtics as
follows:

Table (7): Some indicators of imagination in matheratics and the
distribution of terms among them

Imagination Indicator Way of Expression Iltem | Score
drawing a being image — drawing a concept
Expression by drawing — drawing familiar or unfamiliar objects 2,3,4,5 32

expressing an idea

retrieving information — mental image for a
Cognitive Expression concept or a number — identifying the

and Number Map different one — using counting to move from L7 13
one place to another
. . imitation — simulation — hands or feet
Dynamic Expression 5 5

movements

It is obvious that the researcher focused on thawihg
expression indicator because it is more accuragemtifying the
extent of acquiring imagination by the student ahake to the
research sample (primary school students at thiegiade).

» Verifying the test psychometric requirements:
» Measuring the test validity:

a) Validity of arbitrators: The test was presented in its initial
form to a number of specialists in curricula andcteng
methods to express their opinion on the degreeheftéest
validity and its terms. Edition and deletion haweb done
based on their opinions. In light of the arbitrataiews, some
terms which are not relevant to primary school stus at the
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first grade have been changed. It had been focisedn the
expression by drawing as the researcher pointedwito its
accuracy in expressing imagination and the easksofissing
it with the main sample students. Terms which hddgree of
agreement (80%) or more have been accepted.

b) Internal

consistency coefficient: After

calculating the

correlation coefficient between terms and the tetaire for

the dimension to which they are

coefficients were as follows:

related,

corretatio

Table (8): The correlation coefficients between tens and the total score
for the dimension to which they are related

Dimensi | Number of Correlation . . Numbe | Correlatio
< Dimension r of n
on Iltem coefficient i
Iltem coefficient
2 0.71** 1
Cognitive 0.58 **
Expressi * Expression and
3 0.68
on by Number Map 7 0.59 **
drawing 4 0.64 **
6 0.61 ** Dynamic Expression 5 0.61 **

** Significant at € 0.01): It appears from the above table that all
correlation coefficients for terms by the total icoof sub-
dimensions to which they are related are signitiairthe level
(<0.01).

c) Calculating the sub-dimensional correlation coeffients
with each other: Table (9) illustrates this:

At




J¥) eoall a¥ VY gdgy (0) aaadl (Y4) Alpal)  — el ) iy gy 5 Alsa

Table (9): Sub-dimensional correlation coefficientsvith each other and
with the imagination test as a whole

. Cognitive
. . Expression . Atestas a
Dimension by drawin Expression and whole
y 9 Number Map
Expression by drawing - 0.66 **
Cognitive Expression and 0.65 ** 0.61 **
Number Map

Dynamic Expression 0.62 ** 0.58 ** 0.60 **

** Significant at (p< 0.01): It appears from the above table that
correlations of all the sub-dimensions with eadheotand with
the test as a whole are statistically significan{pa< 0.01). It
appears from the above that the mathematical irafigim test
can be applied on the main test sample.

» Calculating consistency:The consistency has been calculated
for each dimension on exploratory research sanfpleumber
of 30 students in the first primary grade withobé tmain
research group) using the Cronbach's Alpha:

Table (10): The correlation coefficients for the dinensions of
mathematical imagination test in mathematics

Expression b Cognitive Dvnamic The testas a
Dimension z . y Expression and y . whole
rawing Expression
Number Map
Cronbach 0.61 0.64 0.69 0.68
s Alpha
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The above table shows the reliability of the mataecal
imagination test and the possibility of administgriit to the
main research grolp

Calculating the application time: It appears from the
explorative experimentation for the test that tippli@ation
average time is 35 minutes.

The final form for the test: The number of test terms
reached 7 terms as has been shown in table (7); the grades are
distributed on questions in the attachment (4)tedldo the
test; the final score of the test becomes (50 grades).

. Matching Familiar Figures Test (MFFT):

The test aims to measure the pattern of the cegnstyle
(impulse versus reflective) where (EL-Faramawy, 4)99
prepared three figures for it [ A figure which fislults - A
figure which fits primary school children - A figegiwhich fits
pre-school children ] and codifying it to suit th&rab
environment. The current research uses the secgude f
because it fits the main research sample.

A test description: The test consists entirely of (14) terms for
familiar figures in life. The first two terms arsed to exercise
on the test while the results of the remaining teare used to
indicate the cognitive style. Each term consistsaobasic
figure which corresponds other six figures différéom the
basic figure in precise details, except for ong¢hese figures
which is entirely identical with the basic figureeverything.

The learner is asked to determine the figure wiaddentical
with the basic figure in each term. The number obrs

® See attachment (4): The mathematical imaginatisinfoe primary school first

graders in its final form.
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committed and the first response time are calcdlbteusing
a precise stopwatch..

El-Faramawy prepared an answer sheet for thewhgth
contains information about the learner, the methafd
calculating the latency time, and a variable fa& ttumber of
mistakes in front of each term.

The test is applied to each individual of the redeaample
individually. The researcher (with the assistantesealected
classroom teachers) trains the students on thénsgstictions
through the first and the second term as an exerdien the
student begins to consider the alternatives, tlseareher
(with the classroom teacher) begin to calculatetitne taken
by the student until the first response for eacimtappears
(latency time) by using a stopwatch [whether itisight or
wrong response]. If it is right, the student isexsko move to
the second term (following it) after recording thesponse
time in a cell designated for this purpose in theveer sheet.
If the response is wrong, he is asked to try itiragentil he

refers to the figure which matches the standard wiik

calculating the number of mistakes and recording & cell

designated for this purpose in the answer sheet.

The results are recorded in the answer sheet fah ea

individual of the main research after writing thndormation
of each student as follows:

The number of mistakes committed by the studengédoh
term.

The time taken by the student in the first respdiesesach
term.

The average number of mistakes for each term.
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The average latency time for all individuals in gaanple.

The sample is then classified according to the estyl
(impulsivity/reflectivity) into [impulsive - refldive -
impulsive with accuracy — reflective with inaccwhd have
addressed the attributes of each category in therehcal
part. All studies which used the matching famifigures test
suggests that the two latter groups don't exceeahinway
(25%) of the individuals of the sample. The reskarc
focused only on the category [impulsive - refleefiwhich
has been an interest for the research studyinotgsaction
with the digital story in mathematics.

The results of the test application on the maieaesh sample
through table (11) showed the following:

Table (11): A report classifying impulsive and reféctive in the cognitive

style for the research groups

(o3}

1 Control 9
2 Experimental 8 7

Fourth: Research experiment:

Research Methodology: This research belongs to the
category of researches which aim to test the caeaions
between an independent variable (the digital stcapg
subsidiary variables (imagination, numerical ingghce) in
light of the interaction with a classifying variabl(the
cognitive style [impulsive/ reflective]). The reselaer
therefore used the experimental approach based quasi-
experimental design (control design 2 x 2) withrfgroups as
shown in table (1) with a pre/post measurement.

Choosing the main research sampleThe researcher chose
the research sample randomly from primary schamlesits at
the first grade at Al-Baha educational region. Thegre
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divided into four groups as follows: [the first ¢ool group:
(9) impulsive students studying in the traditionedy; the
second control group: (6) reflective students stuglyn the
traditional way; the first experimental group: (8) impulsive
students studying by the digital story; the secexgkerimental
group: (7) reflective students studying by the taigstory].

= A pre-application for the research tools: Re-applying the
research tools [the numerical intelligence test;e th
mathematical intelligence test] for primary schetldents at
the first grade on the research groups [controlugr¢l):
impulsive students studying in the traditional wagntrol
group (2): reflective students studying in the traditional way;
experimental group (1): impulsive students studyinygthe
digital story; experimental group (2): reflective students
studying by the digital story] so as to determihe equality
of research groups. The results of this applicatime as
follows:

The researcher used Kruskal-Wallis test to vehfy équality of
research groups. The results of this test aretnditesd by the
results of the following two tables (12), (13):

Table (12): The value of Q2 difference between thgroups' average
ranks for the imagination skill

. Mean 2 .
Variable Group No. Ranks Q Sig.
Control 1 9 16.28
Control 2 6 17.17 1108 No.
Imagination | Experimental 1 8 15.88 ' Significance
Experimental 2 7 12.64
Total 30

The previous table shows that there were no gtatilst
significant differences between the scores of arpartal groups
(1) and (2) and the control groups (1) and (2) ha skill of
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imagination where the value of {Qis 1.108 which is
insignificant which verifies the equivalence of gps before
beginning the experimentation.

Imagination

18
16
14

10

[

ONbLOD

Controldl Control2 Experimental 1 Experimental 2

Fig 2: the homogeneity among the study groups in ehstudy pre-application
with respect to imagination skill

Table 13: The value of Q2 difference in average gups' ranks with
respect to numerical intelligence

Variable Group No. Mean | Q?value Sig.
Ranks
Numerical Control 1 9 12.94 2.342 No.
intelligence Control 2 6 16.17 Significance
Experimental 1 8 18.50
Experimental 2 7 14.79
Total 30

The previous table shows that there were no gtatilst
significant differences between the scores of erpartal groups
(1) and (2) and the control groups (1) and (2)he bhumerical
intelligence where the value of {Qis 2.342 which is
insignificant which verifies the equivalence of gps before
beginning the experimentation.
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Numerical Intelligence

20 A

15 -
10 -
5 -
o -

Controll Control2 Experimental 1 Experimental 2

Fig 3: the homogeneity among the study groups in ehstudy pre-application
with respect to numerical intelligence
» Period of the experiment: The research groups including
[control group (1), control group (2), experimengabup (1),
experimental group (2) during the period from @2W17) to
(04/05/2017)] have studied with the help of thesstaom
teacher about (20) classes - including activitres @xercises.

» The post application of the research tools to theesearch
groups; and correcting tools.

Fifth: Presenting, discussing, and explaining the resaitsl
making research proposals and recommendations:

1. In order to answer the first research question "Whahe
impact of different teaching styles [digital stdrgditional
teaching] in mathematics on developing the mathiealat
imagination and numerical intelligence skills inth@matics
among primary school first graders?”; the validifythe first
and second hypotheses had been verified:

- The research attempts to verify the validity of thefirst
hypothesis:

"There were no statistically significant differescbetween
the average scores of [the control group studewit® (Study
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the concept of numbers and operations on them @ th
traditional way) and the experimental group stuslgmtho
study the unit by using the digital story)] due toe
differences in the teaching style without takingtoin
consideration the cognitive style in the post aggtion of the
mathematical imagination test"; In order to vetife validity

of this hypothesis, the researcher used Mann-Whitné test

for two independent samples to verify the signiioa
differences between the control group and experiahgmoup

in the post application of the mathematical imagoratest:

Table (14): Z-value for the differences in averageanks of the control
and experimental groups on the mathematical imagint&on post-test

. Average Total .
Variable Group No. Ranks Ranks Z Value Sig.
Mathematical Control 15 8.47 127.00
Imagination Experimental 15 22.53 338.00 4.464 0.01
Total 30

Imagination
25
20
15

10

Control Experime ntal

Fig 4: difference between the control and experimeal groups in the

post application of the mathematical imagination tet

The research attempts to verify the validity of thesecond
hypothesis:

“There were no statistically significant differescbetween
the average scores of [the control group studewit® (study
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the concept of numbers and operations on them @ th
traditional way) and the experimental group stuslgmtho
study the unit by using the digital story)] due toe
differences in the teaching style without takingtoin
consideration the cognitive style in the post aggtion of the
numerical intelligence test in mathematics"; Inertb verify
the validity of this hypothesis, the researcherduséann-
Whitney - U test for two independent samples in shene
way:

Table (15): Z value for the differences in averageanks of the control
and experimental groups with respect to the post gpication of the

numerical intelligence test
Average | Total

Variable Group No. Ranks Ranks Z Value | Sig.

Numerical Control 15 13.10 196.50

intelligence | Experimental 15 17.90 268.50 2592 10.01
Total 30

Numerical Intelligence

Confrol Fxperimental

Fig 5: difference between the control and experimeal groups in the
post application of the numerical intelligence test

It appears from tables (14) and (15) that thera HEatistically
significant difference between the control groufigh study the
unit in the traditional way) and the experimentabup (which
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study the unit by using the digital story) in favof the
experimental group with regard to mathematical iimaigon and
numerical intelligence which refers to the existent an impact
for the differences in the teaching style [digié&bry/traditional
style] without taking into consideration the cogret style
[impulse versus deliberation] which can be expldias follows:

As regards mathematical imagination:

Some studiegGoral & Gnadinger, 2006; Al-Paul, 2011)
which used the story in teaching mathematics sudgbasthe
story better organizes information inside the memand
enables the student to link mathematics to realihyich helps
him to remember it easily and to use the concephinviit
smoothly.

The story encourages students to build imaginaiteas
through retrieving realistic and unrealistic imagesulting
from the digital story scenario of concepts andtrehships
which helps them to draw an image for a certaincephin
more than one way and form (expression by drawing).

The digital story helped to link between the larggiand
mathematics (Wilk, 2009) which facilitated the verbal
expression process of some concepts and mathematica
operations (evoking information about a certainoeg).

The digital story often uses a concept from theasunrding
reality. Accordingly, the concept becomes meanihgfuife
and has a form which can be imitated and expre@saetmic
expression - imitation and simulatiof¥yashinton, 2005)

The digital story scenario in the primary gradestams a set

of audio and visual effects which make the student
experiences a story closer to reality so he becontesested
and influenced completely which facilitates his lipion
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verbal expression and he imagines familiar or evgamiliar
things about numbers like what appeared in thetaligtory
scenario. According to the study d@Al-Paul, 2011) the
student is able to imitate some numbers in its shapd
movements (imitation). According to the study of
(Hauscarriague, 2008) the interested student in the story is
able to perceive a number or a concept of the sodiog
objects, to draw familiar or even unfamiliar piearabout
concepts (which is an aspect of mathematical inamn by
the student at this stage).

The digital story solely as indicated §zgan, 2005)is
considered the best setting which offers a complete
imaginative environment in mathematics by orgamzin
information and the possibility of evoking mentahages
similar to those in the story, using them to expi@g drawing
and evoking things through the digital story wekpared to

fit students who use it.

The availability of certain features in digital s&s which is
not available in the traditional style in teachilegl to the
superiority of the experimental group over the oangroup.
Among these features:

The dynamics in presenting the stimuli (visual, iaucnd
written) helps in diversifying the idea and achmgyithe best
retrieval of it when needed.

The Cue Summation: Whenever the number of visudl an
audio cues in the story increases, the opportgnibelearn
better, and the possibility to express by more thag image
increases.

This result is consistent with the study(Bf-Gazar& Abdul-
Rahman, 2003)which confirmed that the use of the story in
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teaching contributes through excitement, the dffect
elements in retrieving images and developing some
imagination skills among students.

It is also consistent with the study QArmstrong, 2005)
which confirmed that the use of photos, oral anduai
presentations develops the ability to imagine wileey make
the learner's mind in a dynamic image generatingli@ or
even unfamiliar ideas about things and situatioischv the
student might experiences.

It is also consistent with the study (King, 2007) which

confirmed that listening stories and narratives ualtopics

generates mental images for the learner and endadmse
ability to imagine things and ideas.

As regards numerical intelligence:

The study of (Balakrishnan, 2008) emphasizes that the
smoothness of digital story encourages the stuelgpecially
in the primary grades to see ideas and beyond msnarel
concepts which he studies.

The digital story study has a positive impact oa livel of
achievement where it increases the level of mathesa
achievement in generéCasy & et al., 2008)

Exercising the use of language with some picta@icepts
makes the story a mathematical setting with a pexde
meaning far from abstraction, making it possiblgpé&rceive
some hidden relationships and to understand vepedtions
that may exist in the story activities includinggsences,
classification operations and others.

The possibility of presenting the digital story tamt more
than once without any restrictions or difficultiepresents an
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important stage in active listening for childrenigvhis linked
to the development of the idea about the displayettept or
image and the immediate connection between theoaedt
and the displayed or{#lichelle, 2008)

If the digital story presents the concept like nemsband
others as it is in the book with its visual andiaudrm itself
and increases the operations of using it, the cdatipnal
situations related to life become easier enablimg to deal
with numbers easily and better than the traditiomatk (Wu

& Yang, 2009)

The study of(Stephen, 2007xhowed that the availability of
fixed and animated illustrating images and drawirigs
numbers and mathematical relationships supportedhey
narrator comment (often the teacher) with certaference
phrases [as found in our digital story] makes gieafor the
student to perform operations and even makes #ilplesfor
him to perform some simple -calculations which need
numerical intelligence related to the mathematstalation as
shown in the test activities. This is also confidmay the
study of(Donna &et al., 2008)

The availability of stimuli helps in dual coding processing
levels of information or concepts by establishingkd
between visual, audio and written stimuli. In aabif the link
shape may contribute in strengthening the coroelati
relationships between ideas which helps in imprgvihe
ability of the student on classification, arrangemeand
perception of relationships between numbers.

The active vision of stimuli through the story besa
multiple forms of links enhances selective attentfor the
learner and increases the stimuli capacity in acgyithis

v
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attention to facilitate the deepening of ideas dack of
dispersion for the learner. It appears in his gbilo make
sequences, relations between numbers and theingesilof
images which came from the digital story subjeslit

This result is consistent partly with the study(dtitu & et

al., 2008) (Susan, 200Avhich confirmed that the nature of
digital content in mathematics and science is dareskon and
embodiment of the nature surrounding the learnenure it
includes interactive situations and activities faqg a better
and deeper understanding in a different and mdracéte
way than the traditional pattern or even the tyljpetactronic
content which appeared in some numerical intelligen
dimensions addressed by the current research ssch a
analogous of numbers and numerical sequences and th
arrangement.

. In order to answer the second research questiorat'\lghthe
impact of different cognitive styles [impulsivitgfitectivity]
on developing mathematical imagination and nuraéric
intelligence skills among primary school first geasl?", the
validity of the third and fourth hypotheses hadrbeerified:

The research attempts to verify the validity of thethird
hypothesis:

"There were no statistically significant differescbetween
the average scores of students in the experimgntaip 1
[(impulsive students studying by the digital storghd
students in the experimental group 2 (reflectivadshts
studying by the digital story)] due to the diffeces in the
cognitive style (impulse versus deliberation) withaaking
into consideration the teaching style in the ppgtiaation of
the mathematical imagination skill test”; In ordewerify the

A
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validity of this hypothesis, the researcher usecmid/hitney
- U test for two independent samples:

Table (16): Z-value for the differences in the aveage ranks of the

experimental groups 1 & 2 on the mathematical imagiation skill post-

test
. Average Total .
Variable Group No. Ranks Ranks Z Value | Sig.
Mathematical | Experimental 1 8 4.50 36.00 3.369 001
imagination | Experimental 2 7 12.00 84.00 ' '
Total 15

Imagination

12
10

3 N b O

Fxperimnenlal 1 Fxperimenlal 2

Fig 6: difference between the experimental groups & 2 on the
mathematical imagination post-test

The research attempts to verify the validity of thefourth
hypothesis:

"There were no statistically significant differescbetween
the average scores of students in the experimegntaip 1
[(impulsive students studying the digital storyplatudents in
the experimental group 2 (reflective students sngiypy the
digital story)] due to the differences in the cdiya style
(impulse versus deliberation) without taking into
consideration the teaching style in the post appba of the
numerical intelligence test in mathematics"; Inesrtb verify
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the validity of this hypothesis, the researcherdusann-
Whitney - U test for two independent samples:

Table (17): Z value for the differences in the avexge ranks of the
experimental groups 1 & 2 on the numerical intellignce post-test

. Average Total .
Variable Group No. Ranks Ranks Z Value Sig.
Numerical | Experimental1 | 8 4.63 37.00
intelligence | Experimental 2 7 11.86 83.00 3.258 0.01
Total 15
Numerical Intelligence
12 4
10
8 -
6
4 -
2 -
D - -
. ~.
\\. . \“.
Experimenlal 1 Experimenlal 2

Fig 7: difference between the experimental groups & 2 on the
numerical intelligence post-test

It appears from table (16) and table (17) thateghsra statistical
significance difference between the experimentabugr 1
(impulsive students study by the digital story) arlde
experimental group 2 (reflective students studythg digital
story) in favor of the experimental group 2 (refiee) with
regard to mathematical imagination and numerictdlligence
which refers to the existence of an impact for difeerences in
the (impulsive/reflective) cognitive style withouéking into
consideration the teaching style which can be éexpth as
follows:

Yoo
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As regards mathematical imagination:

After looking into the trend of differences resudfifrom the
impact of different cognitive styles (impulse vessu
deliberation): We find that the results indicate guperiority
of reflective students regardless of the type otpssing used
with them. In this way, they surpass impulsive stud in the
mathematical imagination test. The researcherbated this
to:

A reflective student focuses more on the accurauwy the
guality of performance than the rapid achievemdramidea
or exercise; unlike the impulsive student who iarelterized
by fastness to finish the work more than the famusccuracy
and quality of achievement itself.

The reflective students are characterized by casiticare and
lack of absent mindedness associated with theilityalio
examine carefully the patterns of presented stimmhich
makes them more able to remember, evoke some et the
animations and images when needed, linking therthéo
knowledge (Introduction to imagination) and morkely to
express them by drawing or simulation due to thisied
attention towards them during presentation. Thenkzaat this
stage is interested in mental images other thagetdoawn for
him by others or those drawn by his imaginationimited
experiences related to his own classroom envirohneen
cognitive structure, where he proceeds with higgimation to
stories which may take him to distant horizons faEpts
which speak, tell, or moves in unfamiliar places].

Unlike the impulsive student who gets dispersed wuéis
urgent desire to finish quickly leaving a numbemabktakes
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including the inaccuracy in selecting the elemesiated to
images during the exercises and activities of imeaigpn.

The study of(lbrahim, 2008) also suggested that cognitively
reflective unlike cognitively impulsive are chamtted by
distributing attention for all alternatives avaikal@uring the
latency time. These alternatives address sense#ygjvisual,
audio ...]. In addition, they are characterizedviaking partial
comparisons on the stimuli parts (images and fguraving
more than one pattern for the same concept orige&dtip)
which enables them to get impressions about sorstraah
concepts and relationships in mathematics, anegépkthem
in their memory; the more information they have ahd
richer their life experiences about abstract cotxape; the
more diversified their impressions will be, the mabilities
they will have to assemble images, and the moryathey
will acquire to imagin€El-Shami, 2011) This result is partly
consistent with the study of (Ibrahim, 2008).

As regards numerical intelligence:

A study of (Kabli, 2011) suggests that impulsive students
tend to give a quick response without ponderingttampting
to retrieve what have been studied which increabes
number of their mistakes while reflective studerdse
characterized by carefulness, examination, retriet@mpt
and accuracy which decrease the number of thetakas. In
addition, it suggest that reflective individuals ear
characterized by a detailed and organized reviewthef
displayed exercise or activity through a good distion of
attention each time the concept or the number mstioreed in
any form or image during studying the activity dret
mathematical situation. A reflective also makes ptem
comparisons to facilitate achieving numerical seges or

YooY
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completing other numerical intelligence activitiedich he
might experience.

Lack of reflective students' mistakes: A reflectispends
more time to respond and commits fewer errors mpieting
activities especially those which need carefulnesdd
accuracy, such as sequences of numbers and camgpseime
missing relationships needing careful thinking (euvical
intelligence). An impulsive spends less time tqpoesl where
he is characterized by quick achievement decisisnshe
commits more mistakes in achieving such mentalgsees.

The reflective students are more able to orgamieas and to
express them when needed. They are better alsthiaving
tasks because they are characterized by emotitalality,
flexibility and awarenesgMahmoud, 2006) Therefore the
superiority of reflective individuals appeared dgri
numerical intelligence activities which need padrtia
organization for the idea or stability, carefulneasd
deliberation during achieving tasks.

This result is consistent with the study(dahmoud, 2006)
which confirmed the superiority of reflective stat®e over
Impulsive ones in certain intelligence aspects.isltalso
consistent with the findings of (El-Faramawy, 19%tidy
which confirmed that children with reflective stylare
characterized by higher intelligence than childramh
impulsive style.

This result is also consistent wittHussein, 2004)study
which indicated the superiority of reflective inaiuals over
impulsive ones in various intelligence activities.

This means that individuals with more latency aegvdr
mistakes [reflective] are characterized by a higlesel of

Yo¥
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numerical intelligence than individuals with lesgeincy and
more mistakes [impulsive].

The results of the hypotheses (third and fourthie leiggest
that there is a need to take into account the tiognstyle
[impulsivity/reflectivity] during presenting any adational
content on the grounds that the cognitive style ars
independent variable representing individual ddferes
between students in remembering methods, perception
meaning, thinking, imagination, using information,
performing mental calculations and dealing with ivas
mathematical relationships.

. In order to answer the third question of the rededwhat is
the impact of different teaching styles [digitadrsftraditional
teaching] and cognitive styles [impulsivity/refleaty] on
developing the skill of mathematical imagination dan
numerical intelligence among primary school firsadgrs?";
the validity of the fifth and sixth hypotheses haeen
verified:

The research attempts to verify the validity of thefifth
hypothesis:

"There were no statistically significant differescbetween
the average scores of students in control groupdlcantrol
group 2 [who studied in the traditional style (inguty vs.
reflectivity)] and students in experimental group ahd
experimental group 2 [who studied using the diggtdry
(impulsivity vs. reflectivity)] due to the interach between
the teaching style (digital story/traditional tesg)) and the
cognitive style (impulse versus deliberation) ine tipost
application of the mathematical imagination slabtt'.
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In order to verify the validity of this hypothesihe researcher
used Kruskal-Wallis test whose results are illusttaby the
results of the following table (18):

Table (18): @ value for the differences in the average ranks dhe
study groups on the mathematical imagination postest
2

Variable Group No. | Average Ranks Q Sig.
Control 1 9 6.89
Control 2 6 10.83
Imagination | Experimental 1 8 18.63 24.192 0.01
Experimental 2 7 27.00
Total 30

Imagination

N

T T T
Experimenlal 1 Experimenlal 2 Conlrol 1 Conlrol 2

Fig 8: differences among the study groups on the ritzematical imagination
post-test

- The research attempts to verify the validity of the sixth
hypothesis:

“There were no statistically significant differesceetween the
average scores of students in control group 1 antét@ group 2
[who studied in the traditional style (impulsivitss. reflectivity)]
and students in experimental group 1 and experahegroup 2
[who studied using the digital story (impulsivitg.vreflectivity)]
due to the interaction between the teaching stydayitél
story/traditional teaching) and the cognitive stfil@pulse versus
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deliberation) in the post application of the nuroariintelligence
test".

In order to verify the validity of this hypothesithe researcher used
Kruskal-Wallis test whose results are illustratgdtte results of the
following table (19):

Table (19): @ value for the differences in the average ranks dhe
study groups on the numerical intelligence post-tés

Variable Group No. Average Q? Sig.
Ranks
Numerical Control 1 9 8.50 20.351| 0.01
Intelligence Control 2 6 10.56
Experimental 1 | 8 18.50
Experimental 2 | 7 26.29
Total 30

Numerical Intelligence

T T T
Experimental 1 Experimental 2 Control 1 Control 2

Fig 9: Differences among the study groups on the meerical intelligence
post-test

Tables (18) and (19) show that there were stadi$fisignificant
differences between the scores of experimental pgrbuand
experimental group 2 and control group 1 and comggroup 2 in
both mathematical imagination and numerical irgeltice [(The
value of @ is 24.192 in mathematical imagination) (The vadfie
Q? is 20.351 in numerical intelligence)] which argrsficant
values at the levek(0.01) in favor of experimental group 1 and
experimental group 2 due to the basic impact oérattion
between the teaching style [digital story versuaditional
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teaching] and the cognitive style [impulse verse$ibération];
all of which is in favor of reflective students dying by the
digital story in mathematics versus impulsive shidestudying
by the digital story. There were also statisticatliignificant
differences between impulsive and reflective indials
studying with the traditional style in favor of Iegtive
individuals. The researcher attributes this result

A digital story in mathematics provides the learmeth
coherent and meaningful content and mathematical
representations which is consistent with Ozubl theo
(Meaningful Learning). This offers opportunities ftudents
to arrange and organize their ideas, to activage thisual
memory through bilateral and trilateral dimensiommabhges
and presentations, to keep and reuse them in ncatheri
activities (numerical intelligence), the possilyilito express
them whenever needed whether by drawing or dynamic
expression (mathematical imagination) through foas
attention and reflectiveness (characteristics téctve) and
distributing attention correctly over the visualdadynamic
stimuli (the digital story content) in a way whighproves its
usage in imagination or intelligence activitiesdx@eriences.

We can explain the superiority of reflective studeover
impulsive ones who studied in the traditional wanthee same
way of explaining the validity of the third and fo
hypotheses, where reflective students generallpassr in
numerical intelligence and mathematical imagination
activities regardless of the type of processintgaching style
used. A reflective student focuses more on theracguand
the quality of performance than the rapid achievanod an
idea or exercise; unlike the impulsive student wiso
characterized by fastness to finish the work mdr@ntthe
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focus on accuracy and quality of achievement its@lf
reflective student also tends to cautious, care lacll of
absent mindedness associated with his ability taméxe
carefully anything presented whether traditionapgya or
bilateral or trilateral dimensional digital imagis concepts,
terms and mathematical figures.

Unlike the impulsive student who gets dispersedtduas
urgent desire to finish quickly leaving a numbemauttakes
including the inaccuracy in selecting the elemesiated to
images during the imagination activities includiagoking
images and reinstalling them or during numerictliigence
which needs organizing, arranging, and reflectigsnén
taking decisions for the solution.

The research attributes this result to: The basis upon
which the expectation of the presence of an imudcthe
interaction between the research variables inctudihe
teaching style [digital story/traditional teachingihd the
cognitive style [impulsivity/reflectivity] has beesstablished
Is because the digital story pattern in mathemasicglevant
to reflective students where it offers them a gopgortunity
to perceive concepts and to encode them into idéeesbrain
organizes knowledge better by using the digitatysend its
multiple formulations in the actual memory of theident
who seeks to use it in a way which suits his réflec
characteristics including fixed attention and tles$bility of
distributing it. Accordingly, his pleasure transf@ to
motivation and then to thinking which appears ims hi
numerical intelligenc¢Balakrishnan, 2008)

This study is consistent witlArmstrong, 2005)(King,
2007) study which confirmed that the use of photos, arad
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visual presentations develops the ability to imagwmhere
they make the learner's mind in a dynamic imagesiggimg
familiar or even unfamiliar ideas about things amdations
which the student might experiences.

It is also consistent partly witfStephen, 2007) (Donna &
et al., 2008)study which confirmed that the availability of
fixed and animated illustrating images and drawirigs
numbers and mathematical relationships supportedhiey
narrator comment (often the teacher) [as foundundbgital
story] makes it easier for the student to perfonperations
and even makes it possible for him to perform semgple
calculations which need numerical intelligence tedato the
mathematical situation.

This result is consistent witffMahmoud, 2006) and
(Hussein, 2004)study which confirmed the superiority of
reflective students over impulsive ones in certatelligence
aspects. It is also consistent wiftbrahim, 2008) study
which confirmed the superiority of reflective state over
impulsive ones in acquiring the skill of imaginatibetter.

. In order to answer the fourth research questionatwé the
relationship between the mathematical imaginatiomd a
numerical intelligence skills among primary schdaist
graders?", the validity of the seventh hypothesis werified:

There were no statistical correlation between theres of
students on the mathematical imagination skill ypest and their
scores on the numerical intelligence test in matiss

In order to verify the validity of this hypothesihe researcher
calculated Pearson's correlation coefficient to dfirthe
relationship between the scores of students imnththematical
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imagination skill test and their scores in the nooa
intelligence test in mathematics.

Table (20): Pearson's correlation between the scaef students in the
mathematical imagination skill test and their score in the numerical
intelligence test in mathematics.

Variable Numerical Intelligence in Mathematics
Mathematical Imagination 0.626**

=* Significant at (p< 0.01): The above table shows the presence of a
positive significant correlation between the twoiables.

The above table shows the presence of a signifecanrelation
between the two variables. The research attribiniedo:

- The nature of the relationship is basically between
mathematical imagination and thinking. Wh{Rotter, 2008)
suggests that imagination is deep thinkiKiglisled, 2012)
emphasizes that imagination is a potential latentthe
individual responsible for creating new objectghe form of
ideas, relationships, proposals, and meaningsecelagyether
in different ways which may be unfamiliar for thaudent
[part of numerical intelligence activities].

- While (Ron, 2011)believes that imagination is a natural
extension for perception which shapes all thinkpngcess for
the individual learner,(Ron, 2011) (Haskvitz, 2008)
emphasizes how imagination an individual has it his
experiences, improves the process of thinking, shalp
creating solutions, and contributes directly toleng mental
images for concepts and relationships and attegptirtake
advantage of them to the large extent.

- Imagination in mathematics is related specificatlythe
process of clearing, preparing, and enriching mimith
different figures for the mathematical concef@uhar&

AR
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Younis 2011) which is considered a basis for the process of
generating ideas, analyzing activities, completmgnerical
sequences and others, and then choosing the apeopr
solutions for them.

In addition, the mental processes generating inaeigin
include understanding the language of mathemé&tesiing
new concepts, perceiving the mathematical situation
imagining solutions and increasing the ability éaus (Abu-
Riash & EI-Safi, 2009, 21) All of these are considered a
fundamental basis for numerical intelligence inmeatatics.

This result is consistent partly wifRon, 2011)(Haskvitz,
2008)(Abu-Riash & EI-Safi, 2009)(Juhar& Younis 201}

Research Recommendations:

In light of the findings of the present researchgTresearcher
recommends the following:

1. Attention should be paid to the design of curriciégending

on digital stories in mathematics for primary gradee to its
effective role in establishing concepts, evokingd an
representing mental images for relationships whaapport
mathematical situations. A care should be givero dls
training teachers at this stage on participatingurding the
scenario for these stories as possible.

. As individuals with more latency and fewer mistakes
[reflective] are characterized by a higher levelnoimerical
intelligence and imagination than individuals wiglss latency
and more mistakes [impulsive]; features of thisegaty
should be taken into account when we design aesviand
exercises in the student book because deliberatigle is
often a reason for thinking and creativity. On dtker hand,
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the care should be given to impulsive students tmey
should be trained again because most studies pthaetheir
abilities can be adjusted to be reflective in thaal with
mathematical activities.

3. As imagination diminishes for children at the ag@ioe; and
due to its role in deepening dealing with mathecsati
preparing the student to create new things in trenfof
ideas, relationships and meanings related to difitefigures
which may be unfamiliar to the students [part ofmeuical
intelligence activities], care should be given yatby
mathematics curricula authors and developers to¢lcessity
of designing educational activities and tasks toets
imagination in mathematics for the primary gradesd
highlighting the numerical intelligence of the stad which is
the basis for his general intelligence later.

Research Suggestions:
The research offers a set of suggestions including:

1. Studying the impact of the digital story pattern oertain
mathematical variables which have not been addildsg¢he
present research in similar or different stageduifine
thinking, proportional thinking in mathematics, postional
reasoning levels, solving verbal problems in mathgs,
spatial ability, retention of information ...].

2. Conducting an interactive study between two pastéon the
digital story in mathematics [paper/digital] andhet teaching
methods like the visual approach [with computeriout
computers], and teaching based on the pattern ain br
predominance in mathematics to develop imaginaaod
numerical intelligence in mathematics for normald@abled
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individuals [exceptional — slow learners — learnthigabled in
a branch of mathematics].
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