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MATHEMATICS EDUCATION AND THE GIFTED

Programming for Mathematically Gifted Children 
With Learning Difficulties

Programming for MG/LDS Anies Al-Hroub

Findings are presented from a large two-phase research study exploring (a) the identification
and (b) programming for mathematically gifted students with learning difficulties (MG/LDs)
in Jordan. The second phase of the research, which is the focus of the current article, investi-
gates the effects of two programs of instructional practices on the achievement of two groups
of MG/LDs. Thirty students were diagnosed as MG/LD students from three public primary
schools in Amman, Jordan, and were divided equally into two different treatment groups.
The first group received only regular mathematics teaching, whereas the second group
received a program of teaching that combined both multisensory and enrichment
approaches. The two programs were evaluated formatively as well as summatively.
Although both treatment groups showed gradual progress with regard to their classroom par-
ticipation, the mean participation of the multisensory group in the last observed lesson was
1.70 times the mean of the traditional group.
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model, giftedness, learning difficulties, mathematics, multisensory teaching approach, programs

Some mathematically gifted students do not demonstrate
outstanding academic achievement, display enthusiasm
toward school mathematics programs, or obtain top
grades in their mathematics classes. It is important to
know that there are such students, because their abilities
in mathematics are easily overlooked by teachers and
parents, even though these students may exhibit other
evidence suggesting outstanding ability in mathematics
(Miller, 1990). In Bloom’s (1985) study, 6 out of 20
world-class mathematicians reported problems in learning
to read. Correspondingly, Colangelo, Assouline, Kerr,
Huesman, and Johnson (1993) studied 34 inventors and
found that in spite of their mathematical strengths, most
of them reported weaknesses in writing and verbal areas
and more than half described themselves as low achievers
in school who had failed in at least one subject (cited in
Colangelo et al.; Von Karolyi & Winner, 2004).

There are many possible reasons why these students do
not do well but often it is, at least in part, because of a mis-
match between the student and the mathematically gifted
programs. Many of them refuse, or are unable, to conform
to the expectations of programs (Miller, 1990), to which
they may be referred to their specific learning difficulties.

One of the most important considerations in serving
gifted or mathematically gifted with learning difficulties is
that of the appropriateness of the setting in which to place
them. A number of educators have suggested different types
of settings, such as resource classes, general education
classrooms, special programs for gifted students, and
special classes for gifted students with learning difficulties
(G/LDs; Baum, Cooper, & Neu, 2001; Baum & Owen,
2004; Brody & Mills, 1997; Montgomery, 2000; Nielsen,
2002; Reis & Baum, 2004).

RESOURCE CLASSES

Resource classes typically focus on the children’s areas of
weakness and attempt to remediate by practicing basic
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skills. This may occur in the general classroom or in a
resource room for students with learning difficulties (Suter
& Wolf, 1987). Gifted children with learning difficulties
may benefit from some time spent with a specialist who can
provide remedial strategies. A multisensory teaching
approach, for example, simultaneously uses visual, auditory,
and kinesthetic–tactile techniques, which are used with
students with learning difficulties to enhance their memory
and learning. This approach is a remedial and compensatory
method of teaching that can benefit students of any ability
(Hornsby, 1997) and those with both mathematical giftedness
and learning difficulties.

Several researchers (e.g., Carbo, Dunn, & Dunn,
1986; Carbo & Hodges, 1988; Stafford & Dunn, 1993)
have argued that for some students, auditory input is
most valuable, whereas others rely upon a visual style.
Still others learn through kinesthetic means, or a combi-
nation of the three. Every person, they claimed, has one
primary learning mode. Rayneri, Gerber, and Wiley
(2003), for example, found that compared to highly
achieving gifted students, many underachieving gifted
students showed a strong need for tactile and kinesthetic
modalities. Stafford and Dunn added that once we iden-
tify the preferred mode, we can learn to maximize it and
enhance the child’s education in order to overcome his or
her learning difficulties. However, Coffield, Moseley,
Hall, and Ecclestone (2004) questioned whether practi-
tioners should be using learning styles in this way. In
their project, Coffield and his colleagues challenged this
approach, in finding that most of the learning styles mod-
els designed to pinpoint the best way for an individual to
learn are deeply flawed. Therefore, using a combination
of learning styles may be of benefit to all children.

GENERAL EDUCATION CLASSROOM

As a consequence of recent inclusion initiatives, the general
classroom is becoming a place where teachers are expected
to meet the needs of a wide range of students. The question
arises, however, as to whether this arrangement can suc-
cessfully challenge all students, including gifted students,
average students, and students with learning difficulties.
There are a number of problems that have been raised
concerning the movement toward full inclusion by teachers
and others in the field (Hallahan, Kauffman, & Pullen,
2009). Brody and Mills (1997) pointed out that students
who function at or near an average level for their year, even
if they are more academically talented but possess learning
difficulties, are even more likely to be overlooked in an
environment that includes more severe underachievers and
students with more obviously high abilities. Also, if the gen-
eral classroom teacher does not address and accommodate
individual differences, the students with G/LDs, whose total

placement is in the classroom, cannot receive appropriate
educational services.

SPECIAL PROGRAMS: ENRICHMENT 
AND ACCELERATION

Enrichment and acceleration programs allow access to
higher-level skills as well as interaction with other gifted
students. Acceleration and enrichment are two
approaches to meeting the needs of the gifted and tal-
ented (Renzulli, Gubbins, McMillen, Eckert, & Little,
2008). In mathematics, acceleration and enrichment are
sometimes difficult to distinguish (Feng, 2005). Brody
and Mills (1997) stated that subject-matter acceleration
may be particularly beneficial as a vehicle for students
with G/LDs to receive advanced course work in their
areas of strength, without having to be placed at the same
level in their areas of weakness. For example, mathemat-
ically gifted students may progress rapidly at their own
pace through accelerated special mathematics classes
even if learning difficulties cause some problems for
them in creative writing or learning a second language
(Davis & Rimm, 2004).

Enrichment programs are intended to provide gifted
students with a more varied educational experience, either
by modifying the curriculum to include depth and/or
breadth or by exposing them to topics not normally
included in the curriculum (Brody & Mills, 1997). A num-
ber of models have been developed. One that has been
used specifically with students with G/LDs is the School-
wide Enrichment Model (Renzulli & Reis, 1985, 1997). In
one study, Baum (2004) evaluated a pilot enrichment pro-
gram designed and based on the Enrichment Triad Model
to meet the needs of seven bright youngsters with learning
difficulties in Grades 4 and 5. Six of the seven students
showed gains in self-esteem, learning behavior, and cre-
ative productivity.

SPECIAL CLASSES

A number of educators and specialists have found that stu-
dents with G/LDs benefit from receiving instruction as a
special group for at least part of the day. This instruction
should be provided by a special teacher who is sensitive to
their specific academic, social, and psychological needs and
with peers who share their dual exceptionalities. In some
cases the students may stay together all day; in others, a
part-time resource-room model could be used (Brody &
Mills, 1997).

The separate-class/all-day model for students with dual
exceptionalities is usually recommended for students with
the most serious difficulties. An example of a full-time
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program for students with G/LDs can be found at ASSETS,
a school in Hawaii (Clements, Lundell, & Hishinuma,
1994). A part-time resource room model is another option
for students with G/LDs. Brody and Mills (1997) mentioned
two examples of programs that suit this model. The first
program is the Schoolwide Enrichment Model (Renzulli &
Reis, 1985), and the second is Betts’s (1985) Autonomous
Learner Model.

THE CURRENT STUDY

The purpose of the current research study was to investigate
the effects of two programs of instructional practices on the
achievement of mathematically gifted students with learning
difficulties (MG/LDs) in three public primary schools in
Amman, Jordan. The rationale for exploring the two
instructional programs (traditional and multisensory–
enrichment) was to help teachers and related professionals
make better informed judgments concerning the teaching of
mathematics to MG/LD children. The research question was
what are the effects of the two provided programs on the
mathematics performance, speed of accomplishing tasks,
and class participation of mathematically gifted students
with learning difficulties?

Method

The current article describes methods from a large two-phase
research study exploring the identification and programming
for mathematically gifted students with learning difficulties in
Jordan. Although the later phase is the focus of the current
article, there is a need for the purpose of clarity to present a
narrative about the two research phases.

The first research phase was thorough and designed to
identify two major aspects of the subjects’ mathematical
giftedness and learning difficulties, based on the broad
definitions of the two concepts. Therefore, combinations
of techniques of identification were used whereby some
were used to identify the mathematical giftedness, whereas
others were used to identify learning difficulties that are
related to academic domains outside mathematics. The
identification process was conducted by a multidisci-
plinary team of two diagnosticians to identify a sample of
30 students (16 girls and 14 boys) who revealed dual
exceptionalities of “mathematical giftedness” and “learn-
ing difficulties” in the fifth and sixth grades, ages 10 years
to 11 years 11 months, at three public primary schools in
Amman, Jordan. A multidimensional evaluation involving
four informal assessment criteria (teacher nomination, par-
ents’ and teachers’ interviews, documentary evidence, and
direct observation) and a combination of psychometric
(Wechsler Intelligence Scale for Children—WISC-III-Jor-
dan [Wechsler, 1996]; Perceptual Skills Tests [Waqfi &
Kilani, 1998] and a diagnostic Arabic Literacy Language

Skills [Waqfi, 1997a]) and dynamic mathematics assess-
ment were used.

The second research phase, which is the focus of the current
article, investigates the effects of two instructional
programs of the MG/LD sample’s performance and class
participation. The sample was divided and matched equally
into two different treatment groups. The two groups
received two different programs covering various topics
relating to fractions, the topic of interest. The first group
received only regular mathematics teaching, whereas the
second group received a program of teaching that combined
both multisensory and enrichment approaches.

Teaching Programs

Regular Teaching Program

This group was taught according to the Jordanian
national educational plan by following the instruction, les-
sons, and style of learning that mathematics teachers usu-
ally use in public and governmental schools. The
researcher-as-teacher taught this program in a manner that
is in keeping with the median level of equipment and
resources available in Jordanian public schools—certain
public schools provide equipment and resources and
employ teaching techniques beyond those prescribed by the
Jordanian curriculum.

The classical mathematics lesson typically begins with
the presentation of a mathematical concept on the board at
the front of the class and ends with students attempting to
apply the concepts. According to this classical vision of
what it means to teach and learn mathematics, students’
understandings in this group are essentially procedural and
symbolic: to “know mathematics” means that the students
know a significant number of procedures (in this case
fractions) that permit them to transform a symbolic expression
into a succession of other expressions, in such a way that the
last expression of the list has the form that is recognized as
valid in proposing an answer.

Multisensory–Enrichment Program

Students in this program received teaching that com-
bines both multisensory and enrichment approaches.
Accordingly, the researcher-as-teacher exposed this group
to new and exciting topics, ideas, and problem solving that
are ordinarily covered in the regular curriculum but in a tra-
ditional approach. The enrichment teaching lessons used
many different kinds of audiovisual materials focused on
interests, extra worksheets in problem solving, and a short
history about fractions. This program also used different
tools to stimulate all the senses rather than just seeing and
hearing; for example, coloring fractions, using small col-
ored cubes to describe the fraction questions or using them
to help in answering the questions. The reason for using
this instructional model was that many students who appear
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to do well in mathematics but have specific learning diffi-
culties have problems in some areas of mathematics as a
result of perceptual and/or short-term memory weaknesses.
Many of their areas of difficulty may be overcome by the
use of a multisensory remediation program similar to, or
adapted from, those used when developing language skills.
Because the MG/LD students exhibited weaknesses in their
short-term memories, the multisensory teaching model,
which is simultaneously visual, auditory, and kinesthetic–
tactile, was designed to assist in enhancing their memory
and learning.

Participants and Precision Matching

As mentioned earlier, the researcher divided the students
into two different treatment groups. Each group included
15 students (8 girls and 7 boys). The first group received
only regular mathematics teaching prescribed by the
Jordanian curriculum. Students in the second group
received a program of teaching that combined both multi-
sensory and enrichment approaches. However, one boy
student refused to participate in this treatment phase after
he received the first lesson in the traditional teaching
program (sample = 29 students, Group A = 14 and Group
B = 15).

The method of distributing the students was crucial to
the validity of the experiment, because in a controlled
experiment all factors must be as equal as possible.
Therefore, students were matched between the two groups
according to the following criteria: school, grade, gender,
IQ scores, mathematical abilities, levels of learning diffi-
culties, and access to teaching resources (see Table 1).
Great care was taken in ensuring an even distribution of
students from Grade 5 and Grade 6 among the two
groups. This criterion was the most crucial because it is
perceived to have the greatest effect on educational
results. The second most important criterion was the gen-
der of the students, because it was very important to have
an equal number of male and female students in each
group. Students from the three schools in this study came
from single-sex educational environments. The third cri-
terion was schools. The participants were identified from
three different schools; therefore, students from each
school were distributed equally between the two groups.
The fourth criterion was students’ IQ scores on the
WISC-III-Jordan (Wechsler, 1996). The range of scores
was 120 to 134. In research studies of the gifted it is usual
to confine the “gifted” sample to those who have at least
one IQ score at 130 or above (Montgomery, 1996).
Silverman (1989) suggested that the level for inclusion in
these gifted education programs should be dropped by 10
points in the case of those with a learning difficulty.
Accordingly, students in this research who scored 120 or
above on the full IQ scale were labeled gifted. The fifth
criterion was the level of students’ mathematical abilities.

Dynamic mathematics assessment in the format of a pre-
intervention posttest method was used by the multidisci-
plinary team to classify students’ mathematics abilities
into high or very high. The sixth criterion was the level of
students’ learning difficulties. The multidisciplinary team
decided to classify the participants’ learning difficulties
into three subcategories (mild, moderate, and severe) and
according to the following two criteria: (a) students’ com-
posite scores on the Diagnostic Arabic Literacy Language
Skills Tests (Waqfi, 1997a) and (b) students assignments
and teachers’ reports.

Arabic language and perceptual tests and other class-
room documents were used by the multidisciplinary team
to classify the participants’ learning difficulties into the
following categories: mild, moderate, severe. Accord-
ingly, students were distributed equally across the two
groups. The seventh criterion was equal access to the
same researcher-as-teacher and equal teaching hours
inside the classroom. The students in the two groups were
taught for 5 weeks, with two sessions per week for 1.25
hours each, amounting to 12.5 hours of teaching for each
group.

Table 2 shows that the two groups were nearly exactly
matched on the first six criteria. The matching procedure for
the seventh criterion, access to teaching resources, is illustrated
in Table 3.

Procedures

The researcher-as-teacher taught the two treatment groups
10 lessons about fractions at one of the three schools that
provided its library for this purpose. The researcher had to
take the role of being the teacher, given his previous experience
teaching mathematically gifted and dyslexic students in
Jordan. In order to determine whether the two instructional
programs were being implemented with fidelity, the
researcher used an external observer, who was a supervisor
from the Ministry of Education, to observe one of the teaching
lessons (Lesson 5) for each group. The observer completed
the Teaching Observational Checklist as shown in Table 3.
The purpose of the observation was to examine the mechanics
(e.g., opening and pace of lessons, clarity of teacher’s voice,
classroom relationships, and students’ involvement) of the
lessons and ensure consistency of treatment between the
two groups rather than an analysis of the actual teaching
methods.

Each observation was followed by a feedback session
during which the researcher-as-teacher participated with
the observer in a constructive discussion of notes that were
taken during the observation. The observer indicated that
the researcher-as-teacher was in fact fair in terms of the
mechanics of the lesson and in his relationship with stu-
dents inside the classroom. He began and ended the class
on time, taught at about the right pace, made sure that
every student heard questions and answers, called on
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TABLE 1 
Matching the Participants to the Two Treatment Groups

Schools Student Age (Years:Months) Grade Full IQ score Level of math abilities Types of LD Treatment group

School 1 (Girls) 1 11:07 6 121 High Mild B 1
2 11:07 6 120 High Moderate A 1
3 11:03 6 120 High Moderate A 2
4 11:10 6 122 High Severe B 2

School 2 (Girls) 5 11:09 6 121 High Moderate B 3
6 11:03 6 127 High Moderate B 4
7 11:06 6 124 Very high Moderate B 5
8 11:07 6 122 High Severe A 3
9 11:02 6 120 High Moderate A 4

10 10:06 5 120 High Severe B 6
11 10:11 5 123 Very high Mild A 8
12 10:08 5 123 High Severe A 5
13 10:03 5 123 Very high Severe B 8
14 10:02 5 134 Very high Moderate A 6
15 11:00 5 120 Very high Severe A 7
16 11:00 5 126 Very high Mild B 7

School 3 (Boys) 17 10:09 5 120 Very high Severe B 12
18 10:00 5 121 High Severe B 13
19 10:06 5 124 Very high Moderate B 14
20 10:09 5 122 High Moderate B 15
21 11:00 5 122 High Severe A 13
22 10:06 5 121 Very high Severe A 14
23 10:04 5 122 Very high Severe A 15
24 11:04 6 126 Very high Mild A 9
25 11:08 6 120 Very high Severe B 9
26 11:05 6 121 Very high Mild B 10
27 11:06 6 122 High Moderate A 10
28 11:11 6 123 Very high Mild A 11
29 11:06 6 120 High Severe A 12
30 11:09 6 129 Very high Moderate B 11

Note. A = traditional treatment group; B = multisensory–enrichment group.

TABLE 2 
Traditional and Multisensory–Enrichment Groups Matching on Six Criteria

Student/School

The traditional group The multisensory–enrichment group

Age Grade Full IQ score
Level of math 

abilities Types of LD Age Grade Full IQ score
Level of math 

abilities Types of LD

1 11:07 6 120 High Moderate 11:07 6 121 High Mild
2 11:03 6 120 High Moderate 11:10 6 122 High Severe
3 11:07 6 122 High Severe 11:09 6 121 High Moderate
4 11:02 6 120 High Moderate 11:03 6 127 High Moderate
5 10:08 5 123 High Severe 11:06 6 124 Very high Moderate
6 10:02 5 134 Very high Moderate 10:06 5 120 High Severe
7 11.00 5 120 Very high Severe 11:00 5 126 Very high Mild
8 10:11 5 123 Very high Mild 10:03 5 123 Very high Severe
9 11:04 6 126 Very high Mild 11:08 6 120 Very high Severe

10 11:06 6 122 High Moderate 11:05 6 121 Very high Mild
11 11:11 6 123 Very high Mild 11:09 6 129 Very high Moderate
12 11:06 6 120 High Severe 10:09 5 120 Very high Severe
13 11:00 5 122 High Severe 10:00 5 121 High Severe
14 10:06 5 121 Very high Severe 10:06 5 124 Very high Moderate
15 10:04 5 122 Very high Severe 10:09 5 122 High Moderate
Mean 11.01 * 122.5 Very high 7 Mild 3 11.01 * 122.7 Very high 8 Mild 3

High 8 Moderate 5  High 7 Moderate 6
Severe 7 Severe 6

Note. *Each treatment group included eight students from Grade 5 and seven students from Grade 6. 
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nonvolunteers as well as volunteers, invited alternative or
additional answers, involved a large number of students of
the class, and made sure that all of the students were pay-
ing attention.

As for the classroom relationships, the researcher-as-
teacher was also found to be giving equal treatment to both
groups. He called students by their names, gave motiva-
tional cues, made sure that all comments and questions had
been heard and answers understood, and treated their ques-
tions seriously. The decision to teach lessons on fractions
was made because all of the participant students had stud-
ied the basics of this topic in previous years. This helped
the researcher-as-teacher to expand the topic further by
teaching new curriculum lessons and/or enrichment activi-
ties related to fractions. Additionally, many mathematical
topics rely on the subject of fractions. For instance, find-
ing a part of a whole, dividing a quantity into parts, and
using ratios, percentages, and equations all depend on
knowledge of fractions. The 10 lessons in the two pro-
grams covered various topics relating to fractions, as
shown in Table 4.

In this phase of the research, the researcher-as-teacher
faced various obstacles. The first one was provision of
appropriate time for all of the students, given that they had
different school shifts. To cope with the lack of classrooms,
many Jordanian public schools, including those selected in
this research, perform two shifts, one in the morning and
one in the afternoon. It is important to mention that in
every month, schools change their shifts from morning to
evening and vice versa. However, in two of the selected
schools the shift system was different from that of the girls’
school.

The second obstacle was the provision of a suitable
classroom for teaching the two groups. This room needed to

be the same for both groups and similar to those they were
used to having their lessons in at their own schools. However,
one of the schools provided its library for this purpose and,
with the help of the administrator, the researcher-as-teacher
arranged its tables, chairs, and board in a way that looked
similar to regular classrooms.

The third obstacle was the distance between schools,
despite the fact that they were located in the same regional
area of Amman, the capital of Jordan. To overcome this
problem, the researcher-as-teacher first negotiated with the
administrators and parents in order to provide a suitable
time for teaching the students between the two school peri-
ods. In other words, the researcher-as-teacher taught the stu-
dents for 1.25 hours after the end of the morning period and
before the start of the evening period. Second, the
researcher hired a bus that transported the participants from
their schools.

To encourage their participation in this treatment
phase, mathematics and Arabic-language teachers
presented the students’ participation as an advanced
academic activity that would be graded positively.
Despite this, one student refused to participate in this
treatment phase.

TABLE 3 
Teaching Observation Checklist Completed by the Supervisor of the 

Ministry of Education in Jordan

Teaching observation checklist

Begins and ends class on time.
Teaching at about right . . . slow . . . fast pace.
Sees that everyone hears questions and answers.
Calls on nonvolunteers as well as volunteers.
Allows time after question for formulation of good answers.
Allows time after answer to consider it.
Invites alternative or additional answers.
Involves a large proportion of the class.
Makes sure that students are paying attention.
Calls students by name.
Gives motivational cues.
Makes sure that comments or questions have been heard by all.
Checks to see whether answer has been understood.
Treat students’ questions seriously.

Note. The Teaching Observation Checklist was given to the supervisor
in the Arabic language.

TABLE 4 
Ten Lessons on Fractions

Fractions topics Fractions topics

Lesson 1 Pretreatment test Lesson 6

Lesson 7

Solving 
multiplication 
problems 
(continued)

Dividing fractions by

Equivalent fractions
Simplify fractions
Comparing fractions
Ordering fraction

Lesson 2 Write improper fraction 
as mixed numbers

Write mixed numbers as 
improper fractions 

Adding and subtracting 
like denominators

Adding and subtracting 
unlike denominators 
(whole numbers)

Lesson 8

 whole number
Dividing mixed 

numbers
Quiz 2
Solving division 

problems
Solving division 

problems 
(continued)

Lesson 3 Adding and subtracting 
unlike denominators

Lesson 9

Lesson 10

Solving addition, 
subtraction, 
multiplication, and 
division problems

Fractions review
Posttreatment test

Adding and subtracting 
unlike denominators 
(mixed numbers)

Quiz 1
Lesson 4

Lesson 5

Solving addition and 
subtraction problems

Multiplying fractions by 
whole numbers

Multiplying mixed 
numbers

Solving multiplication 
problems
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Evaluating Students’ Achievements and the 
Two Programs

Each student in the two groups was evaluated according to
his or her pre- and posttreatment tests, quiz results, and
class participation. The researcher-as-teacher used a variety
of assessment methods to gather evidence about students’
learning in each treatment group.

Pre- and Posttreatment Tests

The researcher-as-teacher reassessed the 29 students by
using equivalent tests in fractions to identify their mathe-
matical progress. This assessment enabled direct measure-
ment for individual children and led to testing the
possibility that children with different profiles responded
differently to the two programs. The possible range of
scores in the test for each student was from 0 to 20.

Two Quizzes on Fractions

Students in both treatment groups were given two quizzes
on fractions in Lessons 3 and 6. The first quiz was about
adding and subtracting fractions, and the second was about
multiplying and dividing fractions. Both quizzes were
devised using the Mathematical Scale for Basic Skills
(Waqfi, 1997b), which is widely used in Jordan. The pur-
pose of using these quizzes was to test students’ speed of
mathematical reasoning by solving the questions in the short-
est time possible. Students in the two groups were asked to
answer the questions as quickly and accurately as they could.
The possible range of scores in each quiz was from 0 to 16.

Class Participation

The researcher-as-teacher observed and recorded the
participation of students in both treatment groups in four les-
sons, namely, Lessons 2, 4, 7, and 9. The reason for not
recording their participation in the remaining lessons was that
other methods of student achievement and program evalua-
tion were used. As mentioned earlier, these methods were the
pre- and posttreatment tests and the two quizzes, which were
used in Lessons 1, 3, 7, and 10. In addition, the supervisor’s
observation of the teacher’s quality of teaching took place in
Lesson 5. Furthermore, participations in Lesson 8 were not
recorded because five students arrived late to the multisen-
sory–enrichment class because they had school exams. The

recording procedure involved the teacher counting every stu-
dent’s participation, such as inquiring about, answering, or
commenting on any point or problem. Calling on nonvolun-
teers to contribute was not counted as participation.

RESULTS

In order to measure the differences between the two treatment
groups in mathematics achievement, speed of accomplishing
tasks, and class participation, pre- and posttests, two quizzes
on fractions, and frequencies of students’ class participation
were calculated. The results are presented as follows.

Pre- and Posttreatment Tests

Table 5 presents the number of cases, minimum and maximum
scores, and mean and standard deviations for both treatment
groups in the pre- and posttreatment tests. The results show
that whereas the first group made, on average, progress of
6.62 points (17.08 − 10.46) after they received the tradi-
tional teaching, students in the second group showed, on
average, progress of 9.14 points (18.25 − 9.11) after they
received the multisensory–enrichment treatment.

The differences in mean mathematics treatment test scores
are given for both groups and sorted into pre- and posttreat-
ment tests using the Wilcoxon Signed Rank Test. Table 6
illustrates a within-group comparison of the difference in
means for the two treatment groups for pre- and posttreat-
ment tests. The findings indicate that there are significant dif-
ferences on the pre- and posttreatment tests for the traditional
groups, z(13) = −3.12, p < .01, and the multisensory–enrich-
ment groups, z(14) = −3.30, p = .01. It may be noted that the
difference is significantly larger in the later group.

The change in mathematical achievement for each of the
treatment groups was compared using the Mann-Whitney U
test, which is less likely than the t test to give a spuriously
significant result. Table 7 presents this analysis of the
comparison between the two treatment groups in the pre-
and posttreatment tests. The findings indicate that whereas
there was no significant difference between groups in the
pretreatment test, z(27) = −1.022, p = .307, a significant
difference was shown in the posttreatment group, z(27) =
−2.24, p < .05.

TABLE 5 
Descriptive Statistics for the Pre- and Posttreatment Tests for the Two Groups

Test Pretreatment test Posttreatment test

Program N Min Max Mean SD N Min Max Mean SD

Traditional instructional programa 13 3.5 16 10.46 3.58 13 13 20 17.08 1.97
Multisensory–enrichment programb 14 3 15.5 9.11 3.13 14 17 20 18.25 1.00

Note. aValid list-wise number = 13; bValid list-wise number = 14.
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The bar graph in Figure 1 illustrates the differences in
mean mathematics achievement scores between the traditional
and multisensory–enrichment groups for the pre- and posttests.
This figure exemplifies the findings that were reported in
Tables 5, 6, and 7.

Two Quizzes on Fractions

Table 8 presents the mean and standard deviations of the
expended time and total score for each group in answering
the questions of two quizzes on fractions. The results show

that although both groups scored, on average, very similarly
in the two quizzes, the multisensory–enrichment group
expended, on average, less time in answering the quizzes
(16.14 and 12.61 minutes, respectively) than the traditional
treatment group (19.67 and 21.21 minutes, respectively).

The amount of expended time in answering the two quizzes
for each of the treatment groups was compared using the
Mann-Whitney U test. Table 9 reports the comparison
between each treatment group for Quizzes 1 and 2. The
findings indicate that there was a significant difference
between the two treatment groups in the fraction multiplication
and division quiz, z(27) = −3.69, p < .01, in favor of the
multisensory–enrichment group. It may be seen from Table 9
that the findings support what is reported in Table 8.

The bar graph in Figure 2 illustrates the mean time
needed from both treatment groups to answer the questions
in the two fraction quizzes. This figure illustrates the findings
reported in Tables 8 and 9 by showing that the multisensory–
enrichment group was faster than the traditional groups in
answering the questions in the two quizzes (3.53 and 8.60
minutes, respectively).

Students’ Participation

Table 10 presents the mean and standard deviations of the
students’ class participation for the two treatment groups in
four lessons. The findings show that whereas the mean
participation was almost the same for the two treatment

TABLE 6 
Comparisons Within the Two Independent Treatment Groups of the Pre- and Posttreatment Tests Using the Wilcoxon Signed Rank Test

Two related pre- and posttreatment tests Positive–negative ranks N Mean rank Z Asymp. Sig. (Two-tailed)

Traditional instruction group Negative ranks 1a 3.00 −3.12d .002*
Positive ranks 12b 3.00

Ties 0c

Total 13
Multisensory–enrichment instruction group Negative ranks 0a .00 −3.30d .001*

Positive ranks 14b 7.50
Ties 0c

Total 14

Note. aPosttest < Pretest; bPosttest > Pretest; cPosttest = Pretest ; dBased on negative rank; *p < .05

TABLE 7 
Changes of Mathematics Achievement Between the Two Independent Treatment Groups for Pre- and Posttests

Pre- and posttreatment 
tests Two groups N

Mean 
rank Mann-whitney U Z

Asymp. Sig. 
(Two-tailed)

Pretreatment test Traditional 13 15.62 70.00 −1.022 .307
Multisensory–enrichment 14 12.50
Total 27

Posttreatment test Traditional 13 10.50 45.50 −2.243 .025*
Multisensory–enrichment 14 17.25
Total 27

*p < .05.

FIGURE 1 Differences in mean mathematics achievement scores
between the traditional and multisensory–enrichment groups for the pre-
and posttests.
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groups (1.77 and 1.85, respectively) in Lesson 2, they
tended to show a discrepancy that expanded as the lessons
progressed. The traditional group showed slight progress in
terms of student participation, whereas the mean of student
participation in the multisensory–enrichment group in
Lesson 9 was double that of Lesson 2.

The students’ class participation for each of the treatment
groups was compared using the Mann-Whitney U test.
Table 11 reports the comparison between each treatment
group in Lessons 2, 4, 6, and 9. The findings indicate that
there were significant differences in Lesson 6, z(24) = −2.038,
p < .05, and Lesson 9, z(28) = −2.956, p < .01, in favor of
the multisensory–enrichment group. It may be seen from
Table 11 that the findings support what is reported in Table
10, namely, that the discrepancy in class participation
increased as the lessons progressed and became significant
at the level .05 for Lesson 6 and at the level .01 for Lesson 9.

Table 12 reports individual differences between students
in each treatment group in the percentage of their class
attendance and their participation in four lessons. The findings
show considerable individual differences between students
in both groups. It is noticeable that the average participation
of the multisensory–enrichment (M = 2.67) was one and
half times the average participation of the traditional group
(M = 1.83). Furthermore, the range of participation in the
multisensory–enrichment group was wider and more
scattered (1.50–4.00) than in the traditional group (1.00–3.00).
The results also show that the percentage of attendance of
the traditional group was 6.19% (92.85–86.66%) more than

TABLE 8 
Descriptive Statistics of the Two Treatment Groups of the Amount of Time and Their Total Scores of Two Fraction Quizzes

Time/Total score Fraction quiz

Traditional treatment group Multisensory–enrichment treatment group

N Min Max Mean SD N Min Max Mean SD

Amount of time Quiz 1 12 8 30 19.67 7.14 14 6 29 16.14 7.69
Quiz 2 14 12 25 21.21 4.46 13 10 16 12.61 1.76

Total scorea Quiz 1 12 13 16 15.00 .85 14 14 16 14.79 .58
Quiz 2 14 12 16 14.29 1.27 13 13 16 14.46 1.05

Valid N (list-wise) 12 12

Note. aThe ceiling score in these quizzes is 16; Quiz 1 = adding and subtracting fractions; and Quiz 2 = multiplying and dividing fractions.

TABLE 9 
Comparisons Between the Two Independent Treatment Groups of the Amount of Expended Time and Total Scores for Each of Two Quizzes

Fraction quizzes/Time & total score Two groups N Mean rank Mann-Whitney U Z
Asymp. Sig. 
(Two-tailed)

Amount of time Quiz 1 Traditional 12 15.50 60 −1.24 .216
Multisensory–enrichment 14 11.79

Total 26
Quiz 2 Traditional 14 19.36 16 −3.69 .000**

Multisensory–enrichment 13 8.23
Total 27

Total score Quiz 1 Traditional 12 15.00 66 −1.06 .287
Multisensory–enrichment 14 12.21

Total 26
Quiz 2 Traditional 14 13.50 84 −.350 .726

Multisensory–enrichment 13 14.54
Total 27

Note. Quiz 1 was the fraction addition and subtraction quiz, whereas Quiz 2 was the fraction multiplication and division quiz.
*p < .05.

FIGURE 2 Mean time expended by the two treatment groups in
answering the quizzes’ questions.
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that of the multisensory–enrichment group. However, it is
important to state that three students in the later group had
unforeseen circumstances—for example, sickness and
exams—that prevented them from attending a total of seven
lessons (4.66%). Accordingly, no considerable difference in
attendance could be concluded resulting from students’
motivations.

ANALYSIS OF FINDINGS

The following conclusions can be drawn from the results of
the two treatment groups. In the pre- and posttreatment
tests, although both groups gained a significant achievement
in mathematics, the achievement of the multisensory–
enrichment group was significantly higher than that of the
traditional group in the posttreatment test. One can argue
that because of the ceiling effect, namely, that some
students from both groups scored the maximum overall
score, a more difficult pre- and posttest could be administered
to determine the differences between pre- and posttest
scores, in order to conclude the feasibility of using analysis
to confirm the results. However, we still can conclude that
the results are consistent with research that has shown that
the enrichment approach accommodates the high abilities
and individual needs of gifted students (Clark, 2008). It is
also consistent with Hornsby’s (1997) research showing

TABLE 10 
Descriptive Statistics for Four Lessons Related to Class Participation for the Two Treatment Groups

Class participation 
in four lessons

Traditional treatment group Multisensory–enrichment treatment group

N Min Max Mean SD N Min Max Mean SD

Lesson 2 13 1 3 1.77 .83 13 1 3 1.85 .90
Lesson 4 13 1 3 1.92 .86 13 1 4 2.54 .97
Lesson 6 13 1 3 2.08 .86 11 2 5 3.00 1.00
Lesson 9 13 1 3 2.23 .83 15 2 7 3.80 1.47

TABLE 11 
Comparisons Between the Two Independent Treatment Groups in Four Lessons of Students’ Class Participation

Four lessons Two treatment groups N Mean rank Mann-whitney U Z Asymp. Sig. (Two-tailed)

Lesson 2
Traditional 13 13.23 81.00 −.193 .847

Multisensory–enrichment 13 13.77
Total 26

Lesson 4
Traditional 13 11.23 55.00 −1.585 .113

Multisensory–enrichment 13 15.77
Total 26

Lesson 6
Traditional 13 9.92 38.00 −2.038 .042*

Multisensory–enrichment 11 15.55
Total 24

Lesson 9
Traditional 13 9.85 37.00 −2.956 .003**

Multisensory–enrichment 15 18.53
Total 28

*p < .05; **p < .01.

TABLE 12 
Individual Differences in Students’ Percentages of Attendance and 
Their Mean Participation in Four Lessons for the Two Treatment 

Groups

Traditional treatment group
Multisensory–enrichment treatment 

group

Student
Percentage 

of attendance
Mean 

participation Student
Percentage 

of attendance
Mean 

participation

1 80 2.66 1b 70 3.25
2 100 2.50 2 100 3.00
3 90 2.50 3 90 1.50
4 100 1.25 4 90 3.00
5 90 2.00 5 100 2.25
6 80 1.00 6 90 2.25
7 100 1.50 7 100 2.25
8 80 1.00 8b 70 2.50
9a 9c 70 2.50

10 90 2.75 10 90 2.66
11 100 3.00 11 80 2.66
12 100 1.00 12 100 3.75
13 100 1.00 13 70 2.50
14 90 1.50 14 90 2.00
15 100 2.00 15 90 4.00
Total 92.85 1.83 Total 86.66 2.67

Note. aThis student refused to continue as a participant in this second
phase; accordingly, he was excluded; bThese two students were absent

from two lessons because they had mid-term exam; cThis student was absent

for three consecutive lessons because of illnesss.
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that many areas of learning difficulty may be overcome by
the use of a multisensory remediation program.

In the two fraction quizzes, both groups showed no
significant difference in their achievement; however, a
significant difference between them was revealed in the time
expended in answering the questions, especially in the fraction
multiplication and division quiz. But because the quizzes
were easy and designed to examine the students’ speed in
answering the questions, the number of correct answers was
not found to be statistically significant between the two
groups, as expected. In addition, the two groups tended to
show a difference in the first quiz (fraction addition and
subtraction), which became a significant difference in the
second quiz (fraction multiplication and division quiz). We
can conclude that the more both groups were exposed to the
two different treatments, the greater was the difference in the
time needed to solve or answer mathematical problems. This
difference can be referred to as the higher positive effect of
the multisensory–enrichment program on students.

In the students’ participation, we can conclude from
Table 10 that although both treatment groups showed gradual
progress in their classroom participation, the multisensory
group’s participation, on average, was doubled and
increased rapidly. Compared to the traditional group, the
mean participation of the multisensory group in the last
observed lesson (Lesson 9) was 1.70 times the mean of the
traditional group. The findings in Table 11 support what is
reported in Table 10, namely, that the discrepancy in class
participation increased between the two treatment groups as
the lessons progressed. For instance, it was statistically
significant at the level .05 for Lesson 6 and increased to be
statistically significant at the level .01 for Lesson 9, in favor
of the multisensory–enrichment group.

It can be argued that exposing students to activities and
units that include using visual and motor aids, such as overhead
projectors, colored cubes, crayons, colored pens, drawing, and
a history of fractions, can motivate the students and encourage
them to interact and contribute more inside the classroom.

On the other hand, it can be seen from Table 12 that the
range of participation was wider in the multisensory group
than in the traditional group. This indicates that the multi-
sensory–enrichment model would meet the individual needs
of students to a greater degree than in traditional regular
classroom teaching.

DISCUSSION

Setting

In the current research, the MG/LD students were divided
and placed into two different classes: general education
classroom and special classrooms according to the teaching
methods and strategies that were used. Although these
settings were the most appropriate for use in the current

research, one can argue that both of them will suffer from
major problems for the MG/LD children in public Jordanian
primary schools. The large number of students in the class-
rooms does not allow the schools to serve these students,
properly, in the general education classroom. In addition,
the reality of having few identified students with MG/LDs
will make the choice of having special classes for each
grade invalid.

On one hand, the limitation of having insufficient
classrooms in the Jordanian primary school would make the
resource classrooms setting the best environment to be
adopted for the MG/LD students. In resource classes, a
combination of teaching strategies and methods could be
used and benefit all students with different cognitive and
learning abilities. On the other hand, it was reported that
whatever the choice of service pattern, teaching methods
would need to accommodate the students’ strengths and
weaknesses by using alternative strategies and techniques
for instruction and evaluation (Suter & Wolf, 1987). Therefore,
the setting should always be flexible and meet the students’
specific academic, social, and emotional needs. For example,
in some cases students might stay in the regular classroom
by forming small subgroups with peers who share their dual
exceptionalities. In other cases, students join special
programs for gifted students that enable them to challenge
their high abilities, reach their potential, and increase their
self-esteem. Furthermore, a part-time resource model can
be, as Baum, Owen, and Dixon (1991) stated, an appropriate
placement with more severe difficulties. However, these
placements should be changed in a sensible way that
reduces the movement from one classroom to another or
from one teacher to another to an average of once each day.

Special Services

Multisensory remedial strategies could be provided to all
students alongside the enrichment model. The outcome of
the current research demonstrated that using these
approaches together would provide differentiated learning
challenges; satisfy developmental rather than chronological
age; encourage class participation; give a sense of enjoyment
through visual, auditory, and motor–tactile techniques;
focus on students’ strengths, for them to become excited
about school and topics; provide remedial work in the student’s
area of difficulty; and urge students to read and explore the
subject of interest.

However, a special program for the gifted could also be a
good alternative environment for MG/LD students. Although
it will be hard to provide multisensory teaching methods in
this environment, mathematically gifted students could learn
and progress rapidly despite their learning difficulties. Stu-
dents can also benefit from the services provided for students
with learning difficulties in the resource room. Furthermore,
students in the general classroom can be regrouped in order to
deliver the services with the best possible methods.
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LIMITATIONS OF THE RESEARCH

The limitations of this research involved several primary
areas. One possible limitation relates to the small number of
students who were taught in both treatment groups (n = 15
for each group); however, the researcher was dealing with a
very difficult situation in identifying those students. For
example, the assessment phase required almost a period of 5
months to identify 30 MG/LD students; accordingly, it was
important to move to the second phase of treatment and
expose the students to two different treatments. It would be,
obviously, more ideal to investigate the differences among
three treatment teaching approaches: traditional, multisensory,
and multisensory with enrichment teaching. The importance
of studying three different treatment groups is that we can
determine the positive effect for each of the multisensory
and enrichment approaches separately on gifted students
with learning difficulties. However, the restricted period of
time forced some initial planning to be changed, such as to
have a smaller sample divided into two treatment groups.

Another possible limitation relates to whether the post-
achievement differences between the two groups are all mean-
ingful in a real-world sense. Therefore, it would have been more
ideal to analyze the test results more carefully in terms of specific
items missed; for example, were they random across groups or
were specific items missed by students in one group and not the
other that might be explained by teaching techniques?

An additional limitation relates to the decision of the
researcher to teach the two treatment groups mathematics les-
sons in fractions. As indicated earlier, it would have been ideal
to have had another specialized teacher to take part in the
teaching phase. However, the researcher was dealing with a
situation beyond his control, because he did not find a suitable
teacher to teach students who uniquely have mathematical
giftedness and learning difficulties at the same time. Another
issue related to the teaching programs to the two treatment
groups was matching the MG/LD students into two groups but
as mixed-grade classes, which are not commonly used in Jor-
danian schools. This might have negatively affected the moti-
vation of Grade 6 students because they could have considered
it a backward step toward challenging their mathematical abil-
ities. However, students were informed that their performance
would be evaluated according to their grade level.

A further issue here relates to the use of a nonstandard-
ized teaching observational checklist by an external
observer, who was a supervisor from the Ministry of Education,
Jordan. However, the purpose of the observation was to
observe the mechanics of the lessons and ensure consis-
tency of treatment between the two groups rather than an
analysis of the actual teaching methods (see Table 3), so a
standardized observational checklist that focuses on teaching
methods would not have been appropriate for this purpose.
Also, it would have been ideal, yet unfeasible, to use the
observer as a cross-check for the researcher-as-teacher
assessments of student participation.

In terms of the pre- and posttreatment tests, the level of
mathematical difficulties was not sufficient to avoid a ceiling
effect, although the results showed significant differences
between the two treatment groups.

Finally, there was the issue of students’ absences from
some teaching lessons for different reasons beyond the
researcher’s control such as illness and school exams.
Absence from one lesson in fractions could negatively
affect understanding of the other topics in the later lessons.
This imperfection is unavoidable, however, in a quasiexper-
imental study in the real world.

IMPLICATIONS FOR EDUCATIONAL POLICY 
IN JORDAN

The success in educating MG/LD students in the primary
school has implications for Jordanian educational policy.
The present study supports six specific strategies for use
with learners with mathematical strengths and verbal weak-
nesses. First, whatever the choice of service pattern, teach-
ing methods need to accommodate the students’ strengths
and weaknesses by using alternative strategies and tech-
niques for instruction and evaluation. Second, if they learn
complex tasks easily, yet struggle with simple materials,
mathematically gifted learners with LDs will need a multi-
sensory teaching approach to make complex work easier
and an enrichment teaching approach to provide challeng-
ing materials for easy topics. Third, many of MG/LDs
think in pictures, shapes, or visual aids rather than words.
Knowledge of individual students’ interests, learning
styles, strengths, and weaknesses is essential for the special
teacher to be able to offer meaningful choices and provide
opportunities for students to be successful. For example,
the overhead projectors, demonstrations, and hands-on
experiences could be fundamental to their learning. Fourth,
for dual-exceptional learners, mathematics grades should
not be lowered because of students’ mechanical difficulties
(e.g., spelling, punctuation, capitalization). Mathematical
work should be graded on the basis of conceptual and pro-
cedural knowledge. Fifth, opportunities for authentic
assessment and power testing are necessary for MG/LD
students. Because processing speed in children with LDs is
problematic, timed tests should be avoided. Sixth, instruc-
tion should emphasize conceptual understandings with a
whole-to-part approach. MG/LD learners need to have a
vision of the big picture in their minds and be allowed to
figure out the specific facts.
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