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mathematics education in schools for learning disabled

German schools for children with learning disabilities show extremely het-
erogeneous learning groups: On the one hand, there are the learning dis-
abled with general learning difficulties, on the other hand students who
show non-uniform performances, and also the maladjusted children. The
learning processes are comparable with those of non-handicapped chil-
dren, however, the processes are characterized by a temporal extension
and a higher error-rate. The teacher is confronted with individual handi-
caps, for example defects in the language or visual perception, failure of
concentration or reduced memory and transfer so that a high degree of dif-
ferentiation and training is needed (Kanter, 1978).

The curriculum for mathematics in special education points out that the
children should be able to develop their own methods of problem solving.
Concerning the training of the basic skills, the danger of getting stuck in
purely schematic thinking through mechanistic drill and practice is clear-
ly stated (KM, 1977, 7). In contrast to these standards, textbooks and
classroom practice do not come up to these high expectations. The gener-
ally shared opinion is that low-attaining pupils cannot cope with more de-
manding and complex problems. Usually the reasons for failure are seen
in the student him- or herself, and the teaching methods are rarely called
into question. As a consequence, the demands are lowered, and the stu-
dent’s activities are confined to bare reproduction. Accordingly, the isola-
tion of difficulties and learning step-by-step are guiding principles in spe-
cial education. Mechanistic drill and practice replace insightful learning
(Baier, 1977; Grolz, 1983).

opportunities through investigative learning and productive exer-
cises

In Germany the situation in special education is quite different from the

195



P. Scherer

regular school system: In contrast to regular schools, particularly primary
schools, in special education investigative learning is mostly disregarded.
Actual didactic research in special education focuses on diagnosis with re-
gard to deficiencies (Moog, 1993; Niegemann, 1988). You will find only a
few papers that criticize textbooks (Kormmann et al., 1993; Wagner et al.,
1991) and might effect a change of classroom culture. Nevertheless posi-
tive experiences for other subjects are reported in special education (Wit-
toch, 1991). Theoretical papers on the teaching of mathematics that argue
in favour of investigative learning have already been published (Béhm,
1988; Hock, 1986; Konig, 1976). In England and the Netherlands there are
encouraging classroom experiences with low-attaining pupils (Ahmed,
1985; Trickett & Sulke, 1988; Van den Heuvel-Panhuizen, 1991).

This leads to the question to what extent the investigative learning ap-
proach is also appropriate for children with special needs or especially for
them. Investigative learning does not only include challenging problem
solving activities but more general active acquisition of knowledge in con-
trast to passive reception. Productive work is to be understood in contrast
to bare reproduction of knowledge. It should enable pupils to think, to
construct and to extend their knowledge (Winter, 1984; Wittmann, 1990).
In the following, four crucial questions will be discussed:

getting information about abilities versus diagnosing deficiencies?
There are several possibilities for diagnosing learning difficulties. Some ex-
ercises show what the pupils do not know. But they do not show why; nor
do they give information about what the children are able to. What can
productive exercises accomplish in this context? One possible assignment
is open problems that give freedom to the student in choosing tasks and
methods of calculation.

20 F20=40

+3=

figure 1
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An example is the following problem:' Find addition and subtraction tasks
with the numbers 3, 6, 12, 20.2 This problem may help to clarify existing
misconceptions, but at the same time it enables the child to show his or
her abilities. For example, making use of arithmetic structures and prop-
erties, the individual extent of systematic work, etcetera {fig.1}. Moreover,
this exercise covers a natural differentiation. It includes tasks on different
levels, that are neither fixed nor determined by the teacher.

holistic approach versus learning step-by-step?

Investigative learning and productive exercises are usually connected with
holistic approaches, and especially for low attainers it is important to get
an overview and see relationships (Trickett & Sulke, 1988, 112).

In special education, holistic approaches are usually avoided in favour of
splitting up the subject matter into fragments. In this context Donaldson
(1978) distinguishes between the mastering of all the individual patterns
or relationships of a system on the one hand, and understanding the na-
ture of a system on the other hand. It will inevitably take a child some time
to learn all the sets of correspondences. The question is simply whether he
will do it better if he is correctly informed about the kind of thing to expect.
(Donaldson, 1978, 105).

An example from addition may illustrate this point. The main strategy for
addition-table, the counting-on, becomes ineffective for bigger domains of
numbers. For the first steps according to the step-by-step approach stip-
ulated by the curriculum (KM, 1977, 30) it can be successful. That means
that it is not necessary for the children to make use of new strategies, for
example the decomposition of sums. However, splitting a subject into little
fragments does not contribute to solving certain difficulties like under-
standing the structure of our number system.

allowing individual strategies versus stipulating fixed ways of solu-
tions?

Usually step-by-step learning is connected with a special way of solving
the tasks and with fixed notations. In many cases, the stipulated way is
not the students way so that the student may not be able to comprehend
the teachers approach for lack of transfer capabilities. Here the strategy of
avoiding mistakes is found. The opinion that all situations that could lead
to mistakes and failures are to be avoided, is also found. But this would
exclude the acquisition of new contents and strategies for acting, and
there would be hardly a chance for productive thinking and learning (EDK
1991, 12; Wittoch, 1976, 60).

My experiences have shown that without special instruction pupils use
their own informal strategies, for example for adding two-digit numbers
(fig. 2). And these strategies can be quite different from those prescribed
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by the textbook. But usually the children are not allowed to use their own
strategies.

Rechne aus!

35‘+23=3U+5\L31.10’&?'+50':55

figure 2

making use of the pupil‘s ideas and knowledge versus only supplying of
subjects?

Mathematics education has to consider what ideas pupils have in mind
and how to make use of these ideas (Hock, 1986). Curriculum and text-
books in special education do not use the pupils knowledge, and generally
prefer a step-by-step instruction for a new topic (KM, 1977, 32f, 44). That
should now be explained for multiplication.

For example, rectangular arrays appear in our environment so that you
can talk about them, and make use of children’s knowledge (Wittmann &
Miller, 1990, 108). Rather often the textbooks for special education
choose rectangular arrangements that make insight more difficul.

For instance the tasks 5 x 8 and 8 x 5 are represented by two different ar-
rays (fig.3).* It might be difficult to see the commutative property in these
arrangements as the left example might lead the pupils to the task 4 x 10.
Nevertheless the intended task by the textbook is 5 x 8.

HOkoROKOK ok Kok K *000 0000
okokok Ok R kK 4000000
S22 IS S22 *000 0000
ok Rk KKk kK s000 0000
8- -5=n s000 0000
5-8=um

figure 3: example from a textbook

Even when the commutative property is obvious (fig.4). In general, one rec-
tangular arrangement belongs to one multiplication only.

If the children are free and encouraged to show their own ideas, different
images of multiplication are found. For example, the pupils® were given an
egg carton and asked what tasks they could see in this object. The children
wrote down additions and multiplications like 2 + 2 + 2 + 2 + 2 = 10;
5+5=10;2x5=10:4+4+2=10;5x2 = 10.

So the connection between addition (the well-known content) and multi-
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plication (the new content) could be pointed out. :

figuur 4: example from a textbook

Some misconceptions became obvious (fig.5). One student said ‘Two times
three’, but wrote down 3 x 3, where the three was written down two times.
Another student calculated 5 + 1 instead of 5x 1.

Analogously to addition several students calculated 6 x 0 = 6. It has to be
taken into consideration whether a step-by-step approach in which the
tasks mentioned above do not appear at the beginning, might lead to the
fixing of misconceptions.

:

7 g, A

figure 5

When children are asked to illustrate multiplication tasks with circular
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counters, usually linear structures or rectangular arrangements, struc-
tured by lines or rows are found (fig.6a).

figure 6a

You can also find an illustration of the task but not of the result (fig.6b).
Here you would have to ask if the children are not used to illustrate prob-
lems. and if there is a rather quick transition to a symbolic level.

figure 6b

In the rectangular arrangements the pupils have the possibility to integra-
te different images and to discover how effective different strategies are.

HEEHE
B 41
, 54=17
9 219
figure 7
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Given a 2 x 8-field, one student figured out the task 4 x 4 by the image of
a die (fig.7). The same strategy did not work for a 9 x 2-field. So this stu-
dent was challenged to find a better method, and he finally succeeded by
using lines.

conclusions

Investigative learning and productive work cannot completely solve the di-
verse problems of low attainers in mathematics. Probably the new learning
arrangement will cause a lot of difficulties in the beginning, as the children
have to become familiar with working in an active and self-responsible
marnrier.

However, there are good reasons for investigative learning especially for
low attainers:

The pupils can show what they are capable of, for instance as shown in
the first example (see fig.1). The level is not fixed at the beginning, and
that can boost the pupils’ confidence (Wittoch, 1976, 40).
Misconceptions and difficulties can be identified more easily and at an
early time. If the pupils only have to work on given right tasks, some
special mistakes will not become obvious (see the subtractions in fig.1
or the multiplications in fig.6). The usual strategy of avoiding all diffi-
culties and complexities will have short-term success, but in the long
term the failure is predetermined.

Children approach open problems with enthusiasm because the re-
sults are assessed not only as right or wrong, and therefore the fear of
failure is reduced (Grossmann, 1975; Wittoch, 199 1).

The restriction to one way of solving a task bears the risk that this spe-
cial way cannot be understood by the students. It was shown that the
children are able to find their own methods and strategies for example
for adding two-digit-numbers (see fig.2).

- The holistic approach offers a lot of possibilities of a natural differenti-

ation, as the students can work on several levels of difficulties and be
successful at their own one (Wittoch, 1976, 11).
Experiences have shown that the learning disabled are often underes-
timated or misjudged. That we often bar their ways on which they -
even surprisingly - would succeed by a more open approach. Support-
ing the children means making certain demands.
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notes

1 The worksheets for addition and subtraction are for children who attended gra-
de three of a school for learning disabled at the age of ten.

2 The children were free to choose three or more numbers, nevertheless all pupils
built tasks with only two numbers.

3 In Germany the mathematical symbol of multiplication is .

4 The foliowing examples are from eleven-year-old children who attended grade
four of a school for learning disabled.
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