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Usually a mixture of student’s interest, qualitative teach-
er’sobservation and quantitative testsisused in order to

identify mathematical giftedness. However, for children

with hearing impairment, traditional ways of identi-
fication and diagnosis need to be adjusted, especially

when it comes to quantitative aspects. The challenges

of this process are illustrated by a case study and con-
clusions (like less time limitsin tests, morevisual helps)

are drawn.

Keywords: Mathematical giftedness, hearing impairment,

identification, inclusion.

INTRODUCTION

In 2008, the UN Convention on the Rights of Persons
with Disabilities was ratified in consequence of The
Salamanca Statement and Framework for Action on
Special Needs Education in the context of the UNESCO
World Conference of Special Needs Education: Access
and Quality in 1994. The Convention aims at ensur-
ing ,aninclusive education systemat all levels“ (UNO,
2008, Article 24) which satisfies the needs of ,,all chil-
dren regardless of their physical, intellectual, social,
emotional, linguistic or other conditions. This should
include disabled and gifted children” (UNESCO, 1994,
6). And therefore, the question of how to recognize
and foster children that bring together two different
specifics, i.e., hearing impairment and mathematical
giftedness, is massively challenging and important.

The purpose of the study is to present a first explora-
tion of the field and start the development of appro-
priate research questions with regard to the identifi-
cation of mathematically gifted students with hearing
disabilities. Further, we outline several complexities
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in the identification of gifted children with special
needs that require future systematic research.

THEORETICAL BACKGROUND

The following paragraphs shortly summarise some
facts from literature on the identification of mathe-
matical giftedness, children with hearing impairment
(hi) and the mathematical development of hi-children.

Identification of mathematical giftedness
According to Renzulli (1978), giftedness is character-
ised by above average ability, high levels of task com-
mitment, and high levels of creativity. These aspects
are acknowledged to be important for giftedness in
mathematics education as well (Leikin, 2011). As al-
ready discussed in Brandl (2014), there are different
ways of identifying and selecting promising students
for reasons of fostering (in mathematics). One option
istorely on the students’ own interest in mathematics
as the main motivational force and most important
factor for mathematical giftedness (see amongst many
others Kruteskii, 1976). A second way is to trust in
teachers’ choices, adding a qualitative external selec-
tion component to the students’ interest (see Linke &
Steinhofel, 1986, for example). A third option would
focus on quantitative methods and result in testing
the students (see Nolte, 2012; Kontoyianni et al., 2011,
amongst many others). In general, identification pro-
cesses often are designed as a combination of these
three ways (see Wagner & Zimmermann, 1986, for
example).

Children with hearing impairment (hi-children)

The term ‘hearing impairment’ comprises several
cases: dysfunctions of the auditory system, hardness
of hearing, deafness. It may be caused by genetic rea-
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sons, trauma or disease. However, the terms “deaf”
(d) or “hard of hearing” (hh) which are accepted in

their community of people, not only imply the de-
gree, type or configuration of hearing impairment,
but also the way of communication the person uses.
Most of hh-people rely on residual hearing and com-
municate through speaking and lip-reading. In noisy
environments, however, it can be very hard for them

to communicate verbally. Thus, they are likely to face

various difficulties at school and differ in their edu-
cational and psycho-social development from their

hearing (h) classmates. An hh-person may use a hear-
ing aid to perceive what is spoken around him or her.
In case of severe impairment, the person may not be

able to distinguish any sounds or spoken language,
evenwith ahearing aid. The majority of d-people use

sign language to communicate. The majority of the

h-people neither use sign language, nor do they have

an understanding of the special needs of hi-children.
This is why hi-children often find themselves facing

great challenges with regard to their language skills,
potentially carrying away gaps in vocabulary and

difficulties in articulation, for example. This is likely
to have an impact on their cognitive and social-emo-
tional development (Leonhard 2002, pp. 71ff.).

Mathematical development and

giftedness of hi-children

Pagliaro and Kritzer (2012, p. 139) summarise the re-
sults of current studies and conclude: “Consistently,
over decades and across grade levels, deaf/hard-of-
hearing (d/hh) students in various countries have
scored poorly on mathematics assessments.” The au-
thors try to explain this “math gap” of d- and hh-chil-
dren by the limited experiences and lack of ability to
learn mathematical concepts, e. g. numbers by inci-
dence, because of the language barriers separating
them from their natural environment. Gregory (1998,
p. 122) names two other possible reasons for the diffi-
culties especially of d-children to cope with mathemat-
ical tests and assessments: the nature of specialized
mathematical language and the suppression of sign
language in mathematical education. Because of this
reduction, mathematical signs cannot be developed
in an appropriate way.

Further reasons for the differences in the develop-
ment of mathematical thinking can be found in the
specifics and obstacles within communication pro-
cesses between hi- and h-people. Solving mathemati-
cal word (and modelling) problems usually starts with

reading and understanding written texts. These texts
often contain short words (e.g., prepositions), which
are underemphasized in spoken language and can
easilybe overheard (or overseen by hi-students, when
relying on lip-reading or sign-language). Moreover,
there are specific mathematical terms like “product”
or “root” which have different meanings in the com-
mon spoken language. This proves to be difficult to
express in sign-language or figure out by lip-reading.

Engel (2000, p. 17) reports that many hi-children de-
velop strategies in order to solve word problems with-
out entirely understanding the text. These children
try to simplify and restructure the text. This process
can be compared with the reading of fill-in-the-blank
texts. In some cases, these strategies are successful,
in many others they are not. Cohors-Fresenborg
(1988, pp. 102ff) claims that hi-children excelled in
solving problems, which had been represented vis-
ually or haptically without using written or spoken
language. These children achieved particularly high
scores, when it came to problems which demanded
high modelling competences (reconstruction and
reorganization). Biographies of famous deaf mathe-
maticians and scientists also show that hi-people can
bebrilliant problem solvers or gifted mathematicians
(confer Lang & Meath-Lang, 1995, p. 407). Obviously,
not every hi-person is amathematical genius, and the
same applies to h-people. There are, however, hi-stu-
dents who are very interested and gifted in mathemat-
ics, and eager to solve mathematical problems. As for
the discussed language difficulties of hi-students, it is
not easy to recognise their mathematical giftedness,
because most diagnostic instruments use spoken or
written language to represent mathematical prob-
lems.

Giftedness of children with special needs can be
masked by their disability. Gifted children with disa-
bilities also often use their intelligence to compensate
for their impairment. That is why it could be very
difficult to recognise special needs of gifted children
(Krochak, 2007; Nielson, 2002). Children whose hear-
ing is impaired cannot respond to oral directions in
the same way hearing children do, and they may also
lack the vocabulary expressing the complexity of their
ideas. They sometimes cannot respond to tests requir-
ing verbal responses (Whitmore & Maker, 1985). Since
the population of gifted students with special needs
is difficult to locate, they are seldom represented in
standardised test norming groups. This makes every
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comparison highly problematic. Pedagogical litera-
ture related to gifted hi-students lists criteria which
should help to recognise giftedness, i.e., Excellent
memory, Rapid grasp of ideas, High reasoning ability,
Superior performance in school, Wide range of inter-
ests, Nontraditional ways of getting information, Use of
problem-solving skills in everyday situations, Delaysin
concept attainment, Self-motivation, Ingenuity in solv-
ing problems, Symbolic language abilities like different
symbol system (Cline & Schwarz, 1999; Whitmore &
Maker, 1985).

METHOD

In order to illustrate aspects of the diagnostic chal-
lenge, a single case study was done.

Description of the student

The study deals with Leon!, who is now visiting a 5th

grade at the special school for hi-children in Berlin,
where pupils are grouped in small classes of ten. The

classrooms are equipped with technical aids and

visual materials in order to support spatial thinking,
and, compared to conventional schools for h-children,
students get more time to work on their assessments.
Atthebeginning of the study in August 2012, Leon was

stilla 3rd grader. According to the pupil’s record, Leon

suffers from bilateral?sensorineural®severe hearing

loss of 60to 70 dB. Leon is hard of hearing since he was

born. Since his first year he has been using hearing
aids, but it is still difficult for Leon to perceive spoken

language without being able to watch the lips of his

communication partners. Leon’s parents and all his

siblings are hearing and use oral language to com-
municate. It was not until he started school, that Leon

was confronted with sign language. After one year,
his parents decided to invest in one-to-one-language

therapy. Because of Leon’s special needs with regard

tolanguage, his parents finally sent him to the special

school for hi-children.

At the beginning of 3rd grade, Leon had difficulties
to express himself and to articulate his thoughts.
Misunderstandings and conflicts with his classmates
or even teachers were frequent and usually ended up
in tears. Probably in order to avoid these situations,
Leonvery often waived explanations of his needs and
feelings. Still, even more remarkable than Leon’s com-
municational obstacles was and is his tremendous
motivation to do mathematics. According to an in-
terview done with his former mathematics teacher,

he attracted her attention during the mathematics
lessons through his eagerness to solve mathematical
problems and his endurance when working on diffi-
cult and new tasks. According to his educational file,
Leon discovered multiplication on his own by work-
ing with Montessori materials for preschoolers in
kindergarten, when he was four years old.

At school, he works in mathematics classes with con-
centration, listens to the teacher and his classmates
very carefully and examines what they said mathe-
matically. He always manages to complete more math-
ematical tasks and problems than his classmates and
sometimes poses his own questions and problems to
the teacher as well. The tasks Leon tried to avoid in
3rd grade were word problems. Usually, his mood
changed as soon as he was presented with a word
problem. He often did not even start working on it,
unless his teacher encouraged him strongly. Then
he asked for the meaning of some words and tried to
solve the problem, but he was not always successful,
mainly because of textual misunderstandings and
mismatches between the world of mathematics and
the world of written German language.

Despite his difficulties, the mathematics teacher who
taught him in 1st and 2nd grade recommended Leon
for “Mathe-Treff” at Humboldt University in Berlin.
This is a program for gifted students from primary
schools from all over the city. The “little mathema-
ticians” meet once a week for one and a half hour
to solve mathematical puzzles and problems. They
are assisted and observed by students of the educa-
tional department and the leader of the project, Prof.
Marianne Grassmann. The biggest part of mathemat-
ical puzzles and problems is verbalized in written
German language, so this represented a real big chal-
lenge for Leon. For this reason, two students from the
department for special education were supporting
Leon. They adapted mathematical word problems to
his communication level and offered their help. Not
all children managed to participate till the very end of
the course, because it was not easy to stay motivated to
domathematics after along school day. However, Leon
was among those who completed the whole one-semes-
ter course successfully.

Identification method for
mathematical giftedness
InLeon’s case the decisive factor for the identification
of mathematical giftedness was the teacher’s recom-
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mendation. As mentioned earlier, the careful obser-
vation of the child during class can be a successful

qualitative method. A very important part of this ob-
servation method was the study of the child’s written

products. We examined number tasks and word prob-
lems, both done within regular mathematics lessons.
These observations were accompanied by a quanti-
tative extracurricular assessment, intelligence and

development test: In order to compare Leon with his

hearing peers and to see his mathematical giftedness

within the context of his general development, the

IDS (Intelligence and Development Scales) for five- to

ten-year-old children was used as a further diagnos-
tic instrument (Grob et al., 2009). IDS was invented

to provide differentiated insight into intelligence

and general development in areas like Cognition,
Psycho-Motorics, Social-emotional Competence,
Mathematics, Language and Achievement Motivation

at the beginning of the school career. It focuses on

the dynamics of so-called individual “strengths” and

“weaknesses” and puts them in relation to the child’s

development profile and to his corresponding peer-
group. The test consists of different modules*and can

be used as a whole or in parts. Except for the mod-
ules Phonological Memory and Auditive Long-Term

Memory, it is possible to pose and solve the test tasks

without spoken language. More language instruction
isnecessary when it comes to the modules describing
General Development.

IDSwas chosen as a diagnostic instrument, because it
allows for comparison of Leon’s intellectual abilities
with the average population. It provides for precise
and distinctive insights into different areas of the
intellectual and social development and shows the
interaction of talents and special needs. It could help
toavoid that intellectual abilities and language needs
collide. In this sense it could provide insights into the
ability to compensate for hearing and language prob-
lems. Besides, the part Achievement Motivation of the
IDS allows for conclusions about task commitment,
which according to Renzulli (1978) can serve as an
important characteristic of mathematical giftedness.
It is difficult to make conclusions about mathemati-
cal creativity using IDS as a quantitative instrument,
since the answers are standardised. That is why Leon
was asked to talk about IDS-items and to explain his
solutions, which were written down and then used as
questions for qualitative interviews.

Since time was very limited, Leon was not exposed
to the whole test. Instead, a selection of Intelligence,
Social-emotional Competence, Mathematical
Competence, Expressive Language Competence and
Achievement Motivation was chosen. When taking
the test Leon was 9 years and 7 months old. The test
was completed in a one-on-one situation.

RESULTS

We illustrate how written products can indicate math-
ematical giftedness by describing and analysing some

chosen cuttings from Leon’s booklet and items of the

IDS test.

Number tasks (regular lessons)

Leon’s answer to the question: “Draw your favourite
number.” was the number 201031 which has six dig-
its. Leon also knows that 200000 + 1000 + 31 = 201031.
At this moment most children in the classroom were
expected to deal with numbers under 1000. Some of
them painted numbers above 2000 but not above 3000.

When it came to the figurative representation of num-
bers with three digits, Leon invented his own notation.
The task for “Zahlenbild” was to find a symbolizing
picture for numbers. (Example: the number is 300.
Intended and trained solution: [(J[JJ). In contrast to
other children he did not draw three squares in order
torepresent for example three hundred as a sum, but
he used a multiplication sign to shorten the notation
([Jx3). So, Leon’s solution does not confine itself to
non-mathematical (purely additive) pictograms but
extends it by bringing in abbreviating mathematical
symbols.

Some months later the students learned how to add
numbers under 1000 via an algorithm. Leon did not
only use this algorithm to solve several given prob-
lems without a single mistake, but invented his own
problems with bigger numbers and looked for new
regularities.

Word problems (regular lessons)

Comparedtoaregular school, at the special school for
hi-children mathematical word-problems are usual-
ly verbalized clearer and the numbers in it are kept
small in order to make it easier for the students to
solve them. Further, text problems have been trans-
lated into visual representations or supported by
other special tools like small blocks and Montessori-
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materials. Students could use stamps to solve the
problems or to control their results. The problems
were offered at three difficulty levels. Leon chose the
easiest problem first and controlled his result with
stamps. In a second step he applied his solution to a
more difficult problem dealing with spiders. Since he
had understood the structure of the first problem, he
was now able to transfer it onto the text structure of
the spider-problem without using stamps as visual
aids. Remarkably, Leon found it important to notice
the commutativity of the multiplication.

Assessment, Intelligence and Development
test IDS 5-10 (extracurricular)
Leon’s intellectual performance with IQ = 109 lies
according to the IDS in the upper average area in re-
lation to his hearing peers. In the sub-test Selective
Attention Leon achieved the highest possible score
[Value Points (VP) = 19]. The scores in the sub-tests
Auditive Long-Term Memory and Conceptual
Thinking are above the average [VP = 14]. The other
scores lay within the standard norm of his peers [VP
=9,11,12,12]. Itisremarkable, that Leon could manage
all tasks of the sub-tests in Figural Thinking almost
within the standardized time limits.® Leon’s answers
in the sub-test Social-emotional Development show
that he can perceive and recognize other people’s emo-
tions within average norm [VP = 9]. Likewise, Leon
is able to regulate his emotions [VP = 14] and under-
stand social situations [VP = 13] better than most of
his peers. However, he showed heavy deficits with
regard to the aspect Social Acting [VP = 6]. In the sub-
test Achievement Motivation Leon again reached the
highest possible score. Leon’s score in the sub-test
Expressive Language lay way below the average norm
[VP = 2]. He was able to express his thoughts, but he
could hardly do it in the grammatically correct way
as it was expected in the standard test. Some of his
sentences are difficult to understand. However, if the
sentences containing semantic and grammatical er-
rors counted as correct, Leon would have reached VP
=12, which corresponds to the average. Within limited
time he attained VP = 14 in the sub-test Mathematics,
which is above the average. Without time-limitation
Leon managed to solve all mathematical problems
except one word problem and reached VP =19, which
is far above the average compared to children of his
age. In order to gain deeper insight into Leon’s math-
ematical thinking we will discuss some items of the
test closer.

There were two very similar word problems which

were read out loud to the children. The respective

tested child was given toys (small doll, cat, dog and

cups) to illustrate the solution and was expected to

explain it. Leon managed to solve one problem and

was not successful with the other. The reason was

that the chosen vocabulary and the text structure of
the unsolved problem were more complicated thanin

the problem Leon could solve. Other problems were

verbalized as well, but they could be solved almost

without understanding the text. The information

needed was also represented by visuals or symbols.
Leon soon ignored the text and solved them only by

using mathematical symbols. Inthe second task he had

to deal with numbers which, by that time, were no sub-
ject matter of the mathematics curriculum:, A counter

is counting people, who are coming into the stadium.
The counter shows this number. What would the

counter show, if 201 more people would come to the

stadium? Write the numbers into the nearby blanks"
(Figure1left). Leon solved the problem and even put

a point into the number. This demonstrates, that he

understood the meaning of the written symbols. The

next two problems referred to Geometry: “How many
cubes are in this figure? Fill in” (Figure 1 bottom). In

these tasks Leon showed his good abilities in figural

and spatial thinking.

1)
Anzahl = e

Anzahl L2

+201

ACEI0D]

[1]o]ss]9]9]

Figure 1: IDS/ltems 14 to 16

The final problems checked his orientation in the
range of numbers 0 to 100000. Since Leon had until
then only learned numbers under 10000, he found
himself working with new numbers and still man-
aged to find the correct solutions in the given time.
He could not solve the very last problem in the given
time, but he found out the right numbers after the
time was over. This appears even more remarkable,
since he transferred his knowledge about numbers
under 10000 to numbers over 10000 (Figure 2 bottom).
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56800 = 8-

Q0000 = 4-
Figure 2: IDS/ltem 17 & 18

CONCLUSION

Languagebarriers essentially complicate the identifi-
cation of mathematically gifted hi-children. However,
the documents presented in the results section clearly
show that a hi-child like Leon can also develop the
ability to analyse the structure of numbers, to play
with them, to invent an own notation, to work with dif-
ferent modes of representation and to compensate for
his language difficulties by visual help (for example
stamps) or mathematical signs (multiplication sign).
Although these results were achieved in the setting
of a special school, the case study of Leon can inspire
appropriate combinations of qualitative and quantita-
tive methods that can work out successfully inregular
(inclusive) schools, too: documents and products from
student observations combined with standardised
tests (perhaps including less time limits and more
visual helps) may overcome language barriers and
lead to differentiated insights into the child’s possi-
bilities. In the end, this could be of great help not only
inorder to predict a hi-student’s success in programs
for gifted children, but also in order to provide him
with the individual support needed.

The results of the study correspond with criteria for
mathematically gifted hi-children and the study leads
to the following future research questions: What
kind of information about mathematical giftedness
of children with hearing difficulties allows for a quan-
titative comparison with children without hearing
difficulties? Does it mean that hi-students with the
same score as hearing students have greater compe-
tence, given the knowledge that they compensate for
their disadvantages? In what way need criteria for
mathematically giftedness to be altered in order to
address students with hearing problems? How can
this information help to predict hi-students’ success
inprogrammes for fostering mathematical giftedness
that are usually designed for hearing students?
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ENDNOTES

1.“Leon” is a pseudonym because of protection of pri-
vacy. The child’s real name is known to the authors.

2.inboth ears

3. caused because of dysfunction of the inner ear
4.Visual Perception, Selective Attention, Phonological
Working Memory, Spatial Working Memory, Auditive
Long-Term Memory, Conceptual Thinking and

Figural Thinking build General Intelligence.

5.Results which were scored without time limitation
were not considered by the calculation of the IQ, but

they still show that Leon could achieve more if he has
more time and that he is able to concentrate aslong as
it takes him to get the correct solution.
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