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“Keeping alive the joy for learning” is one of the < become motivated to construct the standard algo-
guiding principles of the elementary mathematics project rithm for addition, and
math 200®ased at the University of Dortmund, Germany. ¢ calculate distances between cities using different
The main objective of this project s to design and evaluate strategies.

theoretical foundations, practical teaching units, and mate- | was sure that the last goal would cause some problems
rials which encourage learning by discovery in meaningfiar the students because they did not know the standard
contexts and by active methods. The present paperagorithm for addition. In Germany, students do not learn
tempts to give readers a taste of this approach by descrilthrgstandard algorithms until third and fourth grade. Prior

a typical teaching unit.
The highway map of Germany

The map in Figure 1 shows
the most important highways as
well as the biggest cities in Ger-
many. Highway junctions are

to that they have to use mental calculation or their own
informal strategies. An example of typical problems that
second grade students solve using mental computation
would be 35 + 60 or 27 + 49. Third graders might solve
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* learn about distances in
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Figure 1: The highway map of Germany.
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problems such as 180 + 230 + 20 in this manner. Such tamkshe bottom of the page and supposed that the numbers
generally have no more than three summands. could be kilometers. The other group members did not

One of the purposes of this unit is for the children tmelieve that, but the girl was able to find reasons for her
notice that there are real-life problems, such as deterndonjecture and so persuaded her group. She found a
ing the distance between two cities, which are not easyhtghway with the number 100 and compared the scale to
solve with the skills they already have. They are encothiis part of the highway. Then she explained that the
aged to try to find strategies for these long additioumbers would give the distances between two junctions
problems. These strategies should motivate the studentsfta highway. One boy tried to disprove this theory by
learn the standard algorithm for addition from these praimeasuring, but he could not.
lems . Another group was sure that the numbers were kilome-

Teaching this unit involved three 45-minute lesson®rs; however, they did not see the importance of the
one on each of three consecutive days. The first lesgamctions. They added numbers indiscriminately, got
started with a short whole class discussion about mapsliffierent results for the same distance, and discussed how
Germany and how maps are useful in real life. The childrénis could be.
related stories about vacation experiences with maps andDuring the following whole class discussion each
how difficult it was for their parents to find the right wayroup talked about its discoveries. They explained the
even with a map. Without giving them any further infomeaning of the pins and numbers, and together we figured
mation, | let them work in groups of four to familiarizeout the distance from Dortmund to Aachen. Then | posed
themselves with the map. | wanted them to find out whhe task of figuring out the distance from Dortmund to
they could do with the map and what information theBerlin. The students were directed to work in groups and
could get from it. to find strategies for solving this problem.

Each group took a different approach to this investiga- During the group work, | saw very interesting strate-
tion and the children discussed many interesting thingjes for solving long addition problems; therefore, | de-

such as cided to start the next lesson by comparing and discussing
* Where is Herdecke located? (Herdecke is the hothe students’ strategies. At the beginning of the next
of all of the children.) lesson, every group got a large piece of paper on which to

* Which highway passes Herdecke in the south? write their solution methods for figuring out the distance
* Which German cities have we
visited? Are they the same?

* Where do our grandparents Herdecke - Berlin Herdecke - Berlin
live? 15+10+115+85+45+170+10+45 15+10+115+85+45+170+10+45
* Where did we spend our vaca \/ \/ \/ \/
tion last year? 5+5+5+5+5 =25 25 + 200 + 215 + 55
* Whatare the names of the coun- _ \/ \/
tries surrounding Germany? 10+10+10+80+40+70+10+40 = 270
. ich citi ] 225 i+ 270
Which cities have famous socq ;54,100 = 200 ~__—
cer clubs?
¢ How must we put the map on| 270+200+25=495 499
the table so that north is really - .
. Fig. 2: Results from Group |. Fig. 3: Results from Group .
north? This group used a com-
pass to place the map in the
i i i 3 Herdecke - Berlin
right direction. Then they at-| 110 H T i HIT |O
tached the map to the table. 1015 | 100 = | 10] 10 1 5
* What s the meaning of the nu-{ 10 [ 5 | 100 5 | 10 [ 200 110
merals on the map? 10 |5 5 | 80 1 1| 5
One group posed the hypothesis 80 | 3 5 | 40 g8 | 5
that the numbers could be the hight 4015 o5 | 70 4 [ 5
wa iscol i 10 1| 7]0
y numbers. But one boy discov{ -
ered two highways with the samg 49 24;% ‘11 5
number and responded thatthey could™, T4 ¢ > 127 | 25
not be highway numbers because ey- Zo 2l 20 =458
: : 495 -200-270-25=0
ery highway must have a different
number. Then one girl found the scalgsig, 4: Results from Group Ill. ~ Fig. 5: Results from Group IV.  Fig. 6: Results from Group V.
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from Dortmund to Berlin. As soon as each group finishéashowledge and skills to students. The problem with this
working, the children posted their results. Eventuallyiew is that the teacher cannot learn for the students. The
there were five different solution methods for the childrestudents have to learn by themselves and must have the
to compare and interpret. opportunity to formulate their own mathematical con-
After posting their work, one student from each grougepts. The teacher can, therefore, be most helpful by
explained the group’s strategy to the class. After thisganizing a setting in which the children are encouraged
explanation, any student could ask questions about thée as active, autonomous, and cooperative as possible.
solution. | sometimes asked questions to help all studeB{sdeveloping strategies and processes for solving prob-
develop a deeper understanding of the different strategiesas, the children gain experiences which are useful in
The students were then directed to compare the strateanizing their own learning.
gies (exceptthose in Figure 3). They discovered that theseln the unit described here, the teacher’s role was not to
strategies were based on the same concepts and thatetheh the standard algorithm but to give the students a
only difference was the ways they were written. One chitdeaningful problem, to be flexible enough to change the
remarked that the strategy in Figure 6 had the advantptgnned lessons, and to guide the students’ learning in
that the distances were not split and so one could still rgdductive directions. Since the students had the opportu-
the original numbers. nity to develop their own strategies and concepts, they
At this point, | decided to direct the discussion to thiiscovered a written addition algorithm for themselves
standard algorithm. We examined Group V’s work aridstead of memorizing its steps from examples.
noted that 22,725 could not be the final result, and | asked
the students how the correct answer could be obtairigekping alive the joy for learning
from Group V’s work. One student explained that 2|27|25
means 2 hundreds, 27 tens and 25 ones; this would beDuring the lessons all groups were very dedicated and
200+270+25. Another student suggested that we add thetivated; no student seemed to be off task. Very often at
two tens from 25 ones to the 27 tens, giving 29 tens anschool it is difficult to keep alive children’s natural joy for
ones. Some other students followed this strategy and da@tning, and stickers, pencils, or other rewards are com-
the same could be done with the tens. Together they solwezhly used to motivate the children. However, this sort of
the problem with regrouping, and the class was very promdtivation does not come from the subject matter and is
when they learned that they had just discovered an effaot very effective in the long term learning process.
tive algorithm for addition. Instead of using extrinsic motivation, the teacher must
| offered them the choice of practicing the algorithrfollow the natural way children learn. Teachers, therefore,
for the remainder of the lesson or of doing another taskust strive to provide an environment for meaningful,
with the map. Almost all of the students were motivatexttivity-based, social learning. Teaching in holistic and
to try the standard algorithm by themselves, and so | wroigh contexts rather than in small steps is important for
four problems on the chalkboard, some requiring regrodparning. Tasks posed should be discovery-oriented and
ing. challenging by nature so that motivation can be derived
The children worked alone, discussing their solutiorfiom the structure of mathematics and its relation to
with a partner as needed. | could see that the students weadity.
able to solve the problems and that they had really under-The desire to provide activity-based and discovery-
stood the meaning of regrouping. Only four childreoriented learning served as the impetus for development of
needed help. the projectmath 2000 Concentrating on the core of the
The third lesson was spent practicing the written algodrriculum, limiting the number of prestructured materi-
rithm using the highway map. The students were to find taks, encouraging active learning, using cooperative prac-
shortest route to Minchen (Munich) from Dortmund arttte, and emphasizing children's motivation to learn are all
to roughly calculate the north-south and west-east dimeguiding principles oimath 2000 The teaching unit de-
sions of Germany. scribed in this article illustrates the application of these
principles in a third grade class. With the ideas and
The teacher as the organizer of the children’s mathimaterials of the projeahath 2000we hope to make it
ematical activities possible for all teachers to provide these types of experi-
ences for students in our elementary schools.
This teaching unit with the highway map is a good
example of lessons in which the teacher is the organizeRgference
the children’s mathematical actiyities. In the trad_ition%ttman, E. Ch., & Miller, G. N. (1992)Handbuch produktiver
classroom, the teacher’s role is that of transmitter of Recheniibungen Band Dusseldorf, Germany: Klett-Verlag.
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