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Abstract
The primary purpose of this study was to examine difference between gifted and ordinary studemd®rdan
in their use of intuitive rule "Everything can b&vided". Participants of the study consisted of(qR4tudents
divided into two groups (120 gifted, and 120 ordynstudents), | used a questionnaire includirigsks relate
to the rule " Everything can be divided". An arsdyof variance was carried out for correct respsrier
intuitive rule " Everything can be divided" withetiactors giftedness (ordinary, gifted) and grael (10" 11"
12" grades). Results indicate that the percentagteaforrect responses are similar in the two gspapd also
the percentages of correct responses were givéinebgifted students to one of the tasks is evertdihan that
given by the ordinary groups.
Keywords: Gifted, Ordinary Children, Intuitive Rule "Everytig can be divided".

Literature Review
The literature review includes two parts: Intuitivées and giftedness.

Intuitive Rule "Everything can be divided".
In this chapter, | briefly presented the theory ofthe intuitive rules, relating to its main characteiistics.
Here | shall first discuss the similarities and thedifferences between this theory and other, main
approaches that are commonly used in mathematics dnscience education regarding students' ways of
thinking.
I shall briefly describe and discuss the intuitiverule: "Everything can be divided"
This rule was observed in responses related toesse division of material and geometrical objexts in
seriation tasks. It was found that starting fromdgr 7 on, a substantial number of students’ tetal@rgue that
the process of subdivision can go on regardlesshefnature of the object. This assertion is corfect
mathematical objects, but not for material objeSesveral studies (e.g., Stavy, and Tirosh, 2000¢ liiscussed
this rule:
a. Popular drink

A popular drink is a mixture of equal amounts ofacand lemon soda. Dana went with her friendsrestaurant
and all of them ordered the drink. Dana tasteahdt flt it was too sour. She poured out half of dhiek, filled
the half-emptied cup with cola, and mixed thoroyghith the remaining drink. She tasted the mixtued it
was still too sour. Therefore she again pouredhaift of the drink, added cola, mixing everythingithughly.
She repeated this process again and again.

Is it possible that at a certain stage sitichawve pure cola, with no lemon soda? Explainryanswer.

The concentration of lemon soda in the drink cdagddescribed by the series 1/2, 1/4, 1/8, etc. Mewet a
certain stage, due to the particular nature ofenaittis possible that no molecules of lemon sadbbe left in
the cup. The vast majority of the students (83%588nd 79% in grades 9, 10, and 11, respectivety)ea that
“lemon soda will always remain in the cup.” Typigastifications were that “there is always halftbé lemon
soda” and that “the lemon soda and the cola areanizgether, and therefore there will always rentamnon
soda in the cup.” Most students assuming finitymynstated that “the amount of lemon soda is findad
eventually all of it will be poured out.” Only fexeferred to “particles” or “molecules” of lemon sod
In this case, the lemon soda spread throughouemtiee cup and therefore is halved along with tbiwesnt.
Thus, an impression may be created that both cwthl@mon soda will always be present in the cupe Th
characteristics of this serial dilution task pobsthigger responses assuming infinity.

b. Sand
A group of 18 grade students, classified as gifted, were predewith the following problem:
Consider a bucket full of sand. Pour half of it.odgain, pour out half of the sand left in the beckContinue,
each time pouring out half of the remaining.
Will this process come to an end? Explain your a8w

This problem refers to discrete discontinuous dbjégrains of sand). As expected most of the giftedients

responded correctly, arguing that the process woaide to an end. Most of them argued that “At the we
shall reach one grain, which cannot be divided”.
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One of the students treated the grains as molecifléeshe end we’ll get one grain, and half gramriot sand
any more". Twenty- three percent of the gifted stud incorrectly argued that the process will gureiwithout
an end with the justification that “Everything cda@ divided by two” (Stavy & Tirosh, 1996).

One important question, related to the intuitiveesus how to overcome the effect of the intuitiwées on our
responses. The intuitive rules theory suggestswithtage and/or instruction, schemes, formal rudesl bodies
of knowledge related to specific content areasdenesloped and reinforced. Consequently, in respettese
content areas, the relevant intuitive rule losegdwer in the face of competing knowledge. Itls® gossible
that with age and/or instruction, children becom@r@ of the need to examine their initial responsesonsider
other factors that might be relevant to the taskl, ® avoid conflicting arguments. Thus, learneey mradually
become aware of the boundaries within which a giwauitive rule is applicable (Stavy and Tirosh0PJ.

In this study | chose to focus on two differentype: gifted students and ordinary students. Itysassumption
that the gifted student, due to their rich formabwledge, skills, schemes and awareness of the toeszhtrol
their responses would be able to overcome the itrgdabe intuitive rules at least in some conteneta.

Giftedness

This study aims to investigate the differences in ggformance between gifted students and ordinary
students in their use of intuitive rule "Everything can be divided". In the previous section | reviewe the
literature on intuitive rules. In this chapter | review the second element in the study regarding taiéed
and ordinary students. More specifically | refer tohistorical aspects ofgiftedness, definitions of giftedness
and ways to identify gifted students.

Among the many findings, the following ones are imiportance. Gifted students have higher ability in
performing their school assignments and dutiesyTdre more intellectually developed than their staates.
They do well in all school subjects. The percentafygifted students who attended graduate studid¢sgher
than the percentage of ordinary students (DavisRimin, 1985, pp. 3-14).

Terman, and Odeh, (1959) studies, as well as thib&allgher (1979) showed that the physical charéstics of
gifted children are better than those of their rairpeers.

In the mid-1960s, an exciting gifted education sment began in the United States, one which insldeideral
and state legislation, special funds, new prograam] very high interest and commitment by teachers,
administrators and educational researchers (DaxdsRim, 1985, p.15; Anastasi and Foley, 1959). €hity,
this field is growing in importance in the educatidomain, as more and more programs are createidhbght
this domain.

Academic coursework was telescoped for bright sitedeCollege courses were offered in high schdolgign
languages were taught in elementary schools. Pablitprivate funds were earmarked for trainingdiersce
and technology. Acceleration and ability groupingrev used, and efforts were made to identify githed
talented minority students. New mathematics andnee curricula were developed, most notably theo&ch

Mathematics Study Group (SMSG), Physical SciencedystCommittee (PSSC), and Biological Science
Curriculum Study (BSCS). Virtually all large schosystems have initiated new programs. Many indiaidu
schools and even individual teachers, not waitorgdrmal district action, initiated special semgcand training
for gifted children. At that time many researcheeveloped diagnostic tests, ways of evaluatspgcific
programs for gifted students, and many relatedlagiwere published (Davis and Rimm, 2004).

The field of gifted education continues to evolesvard the close of the twentieth century. Advanaasén
education and psychology brought empirical and néidie credibility to this field. Research on mehta
inheritance, subnormal children, construction atinments to measure both the sub and super naantheir
realization that graded schools could not adequatelet the needs of all children.

Recently, the National Association for gifted chdd published a report in which it was claimed tihat needs
of gifted students are not adequately met (Colamgassouline and Gross, 2004). Consequently, avwad
made for additional research on giftedness anda@tfqr gifted children.

Definitions of Gifted Children
Several terms are used when refereeing to giftédren. Among them are the terms “gifted”, “superio
“creative”, “talented”, “able”, “genius”, “prodidy “excellent”, “expert”, “competent”. Whatever therm used
may be, it refers to a category of exceptionaldrkih that lie under the umbrella of special edocafNewland,

1976, pp. 62-63; Gold, 1996). Here | shall useté¢hm gifted.
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Many definitions appeared to explain what is mdant gifted child. Some of the definitions concated on

the mental ability while other definitions concextéd on high academic achievement. Some definitions
concentrated on creativity and on personal and ahehtaracteristics. The American psychologist Leligsman
was the first to use the term “gifted”. Terman (&@91925) focused on developing and administering th
Stanford-Binet Intelligence Scale, based on théezarork in France by Binet. Terman offered hislivkemown
premise, which essentially stated that the gifted @lented individuals are those who scored atdpe3% of

the population on the Stanford-Binet Scale (BroRenzulli, Gubbins, Siegle, Zhang and Chen, 2005).

Spearman used the term “genius” to identify gifthddren. He concentrated on mental ability, représd by
the 1Q (Intelligence Quotient) and considered & timly measure that applies in the definition &f gjifted child
as it is considered the separating point betwe&edgand normal children. In the 1950s and 1960khef20th
century, other definitions for the gifted child hapgpeared. They emphasized the measure (standamnal
ability (Newland, 1976, p.14; Stephens & Karne)®0

Most current definitions of giftedness have saaommon elements:

e General intellectual ability

e Specific academic aptitude

e Creative or productive thinking
* Leadership ability

* Visual and performing arts

e Psychomotor ability

It can be assumed that utilization of these catéor identification of the gifted and talented ivihcompass
about three to five percent of the school poputafdavis, Gary & Colangelo, 1997, p.91).

Currently, there is no one, agreed upon theordpidadsed definition of giftedness. The definitiof o
giftedness is a central feature of every plannedam, and a feature that must be reviewed withtgrare.

As a final comment on the definition challenge, repeat that:

1. There is no one agreed upon definition of “gifteshie

2. The specific, chosen definition will determine thselection of subjects, instruments and

procedures.

In the last section of this chapter | shall pregbatdefinition of giftedness that was used bydtieool of the
gifted students that participated in my study. émeyal they adopted a multifaceted approach ta¢fiaition of
giftedness.

Statement of the Problem

This study is embedded within the Intuitive Ruledty " Everything can be divided", which essentially
claims that student responses to given tasks aéignon external, irrelevant features, the impartaof
critical thinking is evident. In order to overconte impact of the intuitive rules, students shduddable to
override their interference. To do that, studestieuld ask themselves questions such as: Whathare t
boundaries within which my response is correct? Dibdit with other things | know? That is, student
should critically examine their responses. Resedech., Shore & Kanevsky, 1993) indicates that one
essential difference between gifted and ordinanglestts is in their critical thinking (e.g., awarss®f their
own thinking processes, meta-cognitive abilitiegergtion and control of reasoning processes). Gifte
students were found to have a more developed aritiinking then ordinary students. Accordinglyjsi
reasonable to expect that gifted students will gl®vnore accurate responses to tasks known ta elici
incorrect, intuitive responses in line with thevititve rule "Everything can be divided". This issue has not
been addressed.
This study aims at examining the differences betwgifted and ordinary students in Jordan in the& of
the intuitive rule"Everything can be divided". The goals of this stady to explore the following questions:
1. Are there significant differences between gifted @ndinary students in their use of the third
intuitive rule “Everything can be divided™?

Methodology
Sample:

Students from two schools in the Hashemite Kingaddordan participated in this study. The firstaahs The
Jubilee School for Gifted Students and the secahdd is Amina Bint Wahab school for ordinary stotse
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This sample of students consists of 240 studenigeati as follows: Gifted students: This group cetssiof 3
grades (10-12), 40 children from each grade. Orgistudents: This group consists of 3 grades (10-4Q
children from each grade.

Instrument
A questionnaire including 4 tasks related to the ituitive rule" Everything can be divided", was devebped
for this study.

Procedure
The following steps were taken:

To begin with, the researcher received permissiondm the Ministry of Education in Jordan, and from the
administration of Al-jubilee school for gifted students, and Amina Bint Wahab School for ordinary
students to conduct the interviews in the two schd&

The students of the two groups (gifted and ordinary were told about the nature of the study. Before
meeting with the students, the school received peission from the students’ parents to participate inthis
study. This study was implemented during two monthsin the second term of the academic year 2000 /
2001. The researcher interviewed each student. Eacdhterview took 30 to 35 minutes. The researcher
demonstrated the tasks. The students’ answers weagidiotaped and transcribed.

Data analysis

After transcribing the interviews, | related to two variables: the judgment, and the justification. 1did it
for each task.

The judgments were first labeled as correct, incomct or no response for each task. Then, a more sudt
coding was used for the incorrect judgments: Incorect judgments in-line with the relevant intuitive rule
and other, incorrect judgments.

The justifications were categorized for each taskadf each student according to previous categorizatioof
these tasks (Stavy and Tirosh, 2000). New typesresponses were categorized by me. | then discusdbd
categorization of these responses and came to anregment on the few responses that were categorized
differently (about 5% of all the data). The frequercies of the judgments and of the related justificabns
for each task for each group (gifted, ordinary) foreach grade level (10, 11" , 12") were then calculated
(see Tables 3-17 in Results).

The means of correct responses and standard errofer intuitive rule " Everything can be divided". f or
each group and for each grade level were calculatgdee Table 1 in Results). An analysis of varianeeas
carried out for correct responses for this intuitive rule with the factors giftedness (ordinary, gifte) and
grade level (18 11" 12" grades).

Results

The results of the study are addressed by eaclctblge

Comparison between gifted and ordinary studentifferent grades. As mentioned before, students fycades
10, 11 and 12 from the two groups (gifted and cadiin were given various tasks related to the imteitrule
Everything can be divided".

Table 1 provides information about the means ared ffandard deviation of correct responses by raled
grades of both the gifted and the ordinary studeits analysis of variance was carried out for caitre
responses for each intuitive rul&verything can be divided", with the factors gifitess (ordinary, gifted) and
grade level (18 11" 12" grades).
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Table 1: Means (and standard errors) of Correcp&eses to the Intuitive RuleEverything can be divided" by
Grade and Giftedness (in %).

Giftedness Ordinary Gifted
Grades | Total 10 11 12 Total 10 11 12
Rules
"Everything can 66 75 55 71 58 53 50 72
be divided". (10.4) | (7.5) | (15.00 | (8.7) | (21.2) | (26.2) | (25.0) | (12.5)

Intuitive rule “Everything can be divided " - Rétufor each task
Four tasks refer to the intuitive rule “Everythiogn be divided”.

In this chapter | shall first provide a general daption of the results. Then, | shall describe tksults relating
to tasks refer to the intuitive rule “Everythingrche divided".

Comparison between Gifted and Ordinary Studentifferent grades

As mentioned before, students from grades 10n@l112 from the two groups (gifted and ordinary) evgiven
various tasks related to the three intuitive rules.

“Everything can be divided” - Results for each task

Four tasks refer to the intuitive rule “Everythiogn be divided”. Two of them (Subdivision of coppére and
successive dilution) are embedded in the mated@nses and thus the application of the intuitivéer
“Everything can be divided” leads to incorrect r@sges. The other two tasks (decreasing geomeseciads and
subdivision of line segments) are mathematicalthece the application of the rule results in carresponses.

I will first describe the results of the materialences tasks and then those of the mathemataied.ta

1. Subdivision of Copper Wire — Material Task

The following task was presented to the students: dhsider a copper wire. Divide it into two equal pats.
Divide one half into two equal parts. Continue diviling in the same way. Will this process come to aand?.
The correct response to this task: The procescuwille to an end.

In the case of this task, the frequencies of findigponses given by the students from the two growgre high
at all grade levels (See Table 2).

Students gave several justifications for theirténicorrect responses. The most common justifioatiat all
grade levels were: “Copper wire is limited” and ffper wire will be smaller and smaller till you f&hi it”. The
last justification, which was given only by a fetudents, was “There are a starting point and anpenat for
the copper wire”. Interestingly, the particulatéura of matter was not addressed in these responses
There were three justifications to the incorrecigment that the process will not end; “You can absvdivide
by two”, “There is a new half every time”, and # an endless process”. These responses are iwithehe
intuitive rule “Everything can be divided”.
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Table 2: Distribution of Responses (in %) by Groampd by Grade, to the Subdivision of Copper WirekTa

Ordinary Gifted
Grades 10 11 12 10 11 12
(n)

Responses (40) (40) (40) (40) (40) (40)

1. The process will come to 82.5 70 80 80 75 85
an end*

1. Copper wire is limited 35 25 42.5 40 45 60

2. Copper wire will be 35 20 20 30 17.5 12.5
smaller, and smaller till
you finish it

3. There is a starting 125 25 175 10 12.5 125
point, and an end point
for the copper wire

2. The process will not 175 30 20 20 25 15
come to an end

1. You can always divide 5 175 10 7.5 17.5 5
by two

2. There is a new half 10 125 7.5 --- 5 2.5
every time

3. It's an endless process 25 --- 2.5 125 25 7.5

* Correct answer
2. Successive Dilution — Material Task

The following task was presented to the students:

A teaspoon of sugar is put into a cup of water andtirred well into it. Half of the sugar water is paured
out, and half a cup of water is added to the cup,ral is mixed thoroughly with the remaining sugar waer.
This is done again: Half of the sugar water is powed out, half a cup of water is added, and so forthrhis
process is repeated.

Is it possible that there will be a stage at whicho sugar at all will be found in the cup? .

This task refers to decreasing concentrations gérsin solutions. Due to the particular nature @ftter, after
large number of dilutions, the resulting solutioight have a zero concentration of sugar.

Interestingly, the average percentage of corresgiarses in the ordinary group (grades 10-12) wgisehithan
that of the gifted (56.8 vs. 37.3 respectively)r&éhtypes of justifications were given by the stideto the
correct judgment: “sugar will be less, and leskyilu get pure water”, “concentration will be snea)l and
smaller till you finish all the sugar”, and “wateill replace all the sugar water” (See Table 3)réHeuch like in
the previous task, the particulate nature of mattes not addressed in these responses.

The percentages of incorrect responses, assumfimityinwere higher among the gifted students. dgnts
arguing that sugar will always be in the waterrokad that “concentration will be smaller, but sugdlt spread
in the water, and only half of the sugar will bauped out each time”. Some other students explainad‘there
is a new half every time because everything cadgilided”.
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Table 3: Distribution of Responses (in %) by Groapd by Grade, to the Successive Dilution Task

Ordinary Gifted
Grades 10 11 12 10 11 12
(n)
Responses (40) (40) (40) (40) (40) (40)
1. No sugar* 67.5 40 62.5 27.5 25 60
1. Sugar will be less, and 17.5 10 125 12.5 175 50
less till you get pure
water
2. Concentration will be 25 20 35 2.5 25 5
smaller and smaller till
you finish all the sugar
3.  Water will replace all the 25 10 15 12.5 5 5
sugar water
2. Will be sugar 32.5 60 37.5 72.5 75 40
1. Concentration will be 17.5 45 27.5 50 50 20
smaller but sugar will
spread in the water, and
only half of the sugar
will poured out each time
2. There is a new half every 12.5 15 7.5 20 25 15
time, because every thing
can be divided
3. Others 2.5 25 5

*Correct Answer

3 Decreasing Geometrical Series — Mathematical Task

In this task, the students were asked to considehé series 1, %, % ,.... In this series, each numbgthalf
the previous one. They were asked if this procesdlixcome to an end.

The correct answer to this task is: The process wihot come to an end.

Almost all the students correctly answered thig.tadigh percentages related to the infinite natfreither the
group or the process. They claimed that: “the nusilaee endless” and “you can always divide by t(sge
table 4)

The incorrect responses provided by a small peagenof the ordinary students were that “you will gero at

the end “, and “every thing comes to an end”.

112




Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) 5-'—.i,1
\ol.5, No.33, 2014 IIS E

Table 4: Distribution of Responses (in %) by Groampd by Grade, to the Decreasing Geometrical Sdiask

Ordinary Gifted
Grades 10 11 12 10 11 12
()

Responses (40) (40) (40) (40) (40) (40)

1. _The process will not 77.5 92.5 85 97.5 100 100
come to an end*

1. The numbers are 75 75 85 97.5 100 100
endless

2. You can always 2.5 17.5 --- --- --- ---
divided by two

2. The process will 22.5 7.5 15 2.5 0 0
come to an end

1. You will get 0 at 22.5 7.5 12.5 2.5
the end

2. Everything comes 2.5
to an end

* Correct Answer

4. Subdivision of Line Segments — Mathematical Task

In this task, the students were asked to consitieeaegment, divide it into two equal parts, devione half into
two equal parts, and continue dividing in the savag. They were asked if this process come to an end

The correct response to this task: The processwafltome to an end.

Four main justifications were given for the correztponse. Justifications 1 and 2 relate to p@intsto atoms.
Justifications 3 and 4 are in line with the rulesghing can be divided: “we can always divide 't and

“every time there is a new half” (see Table 5).

The table shows that the percentages of correpbnsgs given by both groups were high. Studergd tiwee
types of justifications to the incorrect responsat the process of halving the line segment woolae to an
end: “it is a limited process”, “everything comean end”, and “there is a start point, and an esidtpn this

line segment". These responses are similar topetposvided to the subdivision of the copper wirgktarlhis

implies that some students did not differentiatevieen mathematical and material objects.
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Table 5: Distribution of Responses (in %) by Groapd by Grade, to the Subdivision of Line SegmexskT

Ordinary Gifted
Grades 10 11 12 10 11 12
n)

Responses (40) (40) (40) (40) (40) (40)

1. The process will not come 35 70 325 70 725 55
to an end*

1. There is endless number 25 32.5 5 25 40 5
of points in this line
segment

2. We will get an atom; 7.5 10 20 15 35
you will never finish
this process

3. We can always divide 5 125 175 125 7.5 10
by two

4. Every time there is a 5 17.5 12.5 10 5
new half

2. The process will come 65 30 67.5 30 27.5 45
to an end

1. It's alimited process 40 22.5 50 10 10 27.5

2. Every thing will come 20 2.5 5 7.5 7.5 2.5
to an end

3. There is a start point 5 5 12.5 12.5 10 15
and an end point in this
line segment

* Correct answer

Rule 3: Summary of results

The most striking finding related to this rule is that unlike in the other cases, the percentages of
correct responses are similar in the two groups anthat the percentages of correct responses provided
by the gifted students to one of the tasks is evdower than that given by the ordinary group. This
behavior could result from the stronger developmentf the idea of infinity in the gifted group, which
competes with their learned knowledge about the péiculate nature of matter.

The incorrect responses to the mathematical tasksnd the correct responses to the material tasks
were supported by the same kind of concrete justidations. Thus, correct responses to the material
tasks were not supported by the particulate natureof matter. Such responses are typically given by
young children who had not yet acquired the concepf infinity.

Discussion

This study is embedded within the intuitive ruledhy “Everything can be divided". This is the figudy,
within this framework that attempts to identify tH#ferences between gifted and ordinary studemtheéir use
of the intuitive rule "Everything can be dividedThe study was carried out in Jordan.

In respect to the this study intuitive rule "Evéaipig can be divided", | referred to two types afkist material
tasks in which the repeated processes of halvingecto an end when they reach the atomic level and
mathematical tasks in which these processes atesandn the latter case, the correct responselise with the
intuitive rule. When regarding students' resporteg¢be mathematical tasks it is notable that alnatisstudents
at all grade levels provided correct responses. tiietstudents in grade 10 provided finite, incctrresponses to
the subdivision of the line segment task. Thisifigdis in accordance with previous observations #hadents
who had not yet developed the abstract idea thatesses might be infinite. It was found that yoshglents'
responses to repeated halving problems are oftntilese processes are finite (Fischbein, Tirost, Hess,
1979; Piaget and Inhelder, 1963). With respecthi material tasks it is noticeable that the peemgesg of
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correct responses provided by the gifted studentane of these tasks (the successive dilution task)ower
than that given by the ordinary group.

However, the judgment provided to correct respsiigethe ordinary students were not based on thepate
theory of matter but on concrete considerationd,tharefore these arguments were not scientifidalyed. The
incorrect responses of the gifted students refietheir abstract reasoning related to infinite pases. Yet the
gifted students did not differentiate between matdtical and material objects and considered tharsag if it
was continuous quantity. The high percentages sfaeses assuming infinity to this task indicate streng
effect to the intuitive rule "Everything can beidied".

In this study it seems that the students kept apglihis intuitive rule at more or less the samé&epkduring
their years of studies in high school. This suggdisat a special intervention is needed to increshsgents’
awareness of the impact of the intuitive rule agirtthinking.

In the rest of the discussion, | shall suggest sedeational implications that could be drawn fribins study to
mathematics and science education. | suggest #uit ef these interventions should be followed hwtesl
formal explanations, definitions and other aspetithe relevant scientific framework. Such formabkvledge
may help the students in controlling the effectmafitive rules theory.
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