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Abstract
In this paper we present a task that we create for adapting the Chinese ancestral method
for solving linear systems of equations (named fangcheng). As this method only uses
arithmetic operations and relations we defend that it can be learned by an occidental ten
years old child. We verified that, in fact, a child can understand and reproduce this
method. This suggests that it could be taught much earlier than the Gaussian elimination,
which is the method commonly taught in Portugal to solve linear systems of equations.
Mathematics Subject classification: 01A25; 97D40; 97H60
Keywords: Linear systems of equations, History of Chinese mathematics, Tasks
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1 Introduction
Admiring the ancient Chinese mathematics preserved essentially through the book
The Nine Chapters on the Mathematical Art and inspired by the simplicity of the
fangcheng method [2], [7] to solve linear systems of equations comparatively with the
Gaussian elimination, usually taught in Portuguese universities, we wonder if that
method can be used with advantages by the students.
In Portugal, linear systems of equations are a relevant topic in the official programs
of mathematics. It is firstly taught in the 8th grade (students aged 14) and taken up in
11th grade (students aged 16). Students learn how to solve linear systems with 3
equations and 3 unknowns using the substitution method. It is in the first university year
(students aged 18), of a majority of courses, that Portuguese students are taught the
Gaussian elimination method to solve any system of linear equations.
The fangcheng method is presented in the 8th chapter of The Nine Chapters on the
Mathematical Art and is used to solve problems which now could be solved by a linear
system of equations. It uses tables of numbers and elementary operations between the
numbers in the columns of these tables. So, as far as we know, this method doesn’t use
algebra symbolism. It uses the context of the problem and arithmetic relations. Being so,
we defend that it can be successfully taught to a young student. In this paper, we only
consider “successfully taught” in the sense that he would be able to replicate it in a
similar situation. In a larger study, we considered also other indicators. Moreover, we
consider “young student” a student who has just concluded the primary school.
In this context, we designed an exploratory case study [6] as we were interested in
understand how a young child would react to a task about the fangcheng method. We
created a task, considering some relevant literature on the subject [3], [4], [5], and
making the didactic transposition [1] of this method, to be presented to a boy of ten
years old, named by us Gabriel. Gabriel has just finished the primary school, has good
marks and talent to mathematics. In this stage, Gabriel doesn't know yet
unknowns/variables or equations and systems of equations much less.
Gabriel is our case study. We presented the task to him, and with his and his parents
authorization, he solved it at his home, in the presence and with the mediation of one of
the team researchers. This session was held on 28 October 2013 at 5 pm. and had the
duration of one hour. It was video recorded and the productions of Gabriel have been
kept.

2 The “Chinese task” and Gabriel
In this section we present the task we create transposing didactically the fangcheng
method to solve linear systems, and the reactions of Gabriel to it. This task – that we
named “Chinese task” – had five parts. The first one, presented in figure 1, proposes a
problem that can be solved by a linear system with two equations and two unknowns or
by others strategies.
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Figure 1 – First part of the Chinese task (in Portuguese)

Gabriel doesn’t know linear systems, as we said before. He showed some
insecurity in solving the problem but managed to find a solution by using other
strategies. This problem was intended to be the motivation for introducing the ancient
Chinese method, which consisted in the second part of the Chinese task.
The direct application of fangcheng method to this problem gives the table in
figure 2a [7]. Nevertheless, we considered more adequate didactically to Gabriel the
table in figure 2b, because this one maintains the orientation of reading from left to right
(more familiar to the child) and identifies the data with the pictures in the statement of
the problem.
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Figure 2a – Fangcheng table

Figure 2b – Adaptation of the Fangcheng table

One of the team researchers explained to Gabriel the way of using the fangcheng
method to solve this problem following the process illustrated in the Chinese task and
presented in figure 3.

Figure 3 – The application of fangcheng method to problem stated in figure 1.

First he carried out elementary operations on the two columns (of table 1) so that
the numbers in the first row stay equal (table 2). Secondly, he maintain the second
column (J) and replace de first (R) by R minus J (tables 3 and 4). Finally, he interpreted
table 4 as is shown in figure 4, observing that in the smaller rectangle we have the
answer about the number of red marbles in each box with red marbles.
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Figure 4 – Final step of fangcheng method (in Portuguese)

Gabriel seemed to understand the explanation of the method and he accepted to try
to solve a similar problem by the ancient Chinese method (figure 5). This was the third
part of the Chinese task.

Figure 5 – Third part of the Chinese task (in Portuguese)

In the statement of the problem were given the tables (similar to the ones showed
in figure 3) empties.
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Gabriel solved by himself the problem using the same method. We reproduce the
tables that he filled in figure 6.

Figure 6 – Gabriel resolution of third part of the Chinese task

After these calculations, Gabriel writes (in Portuguese):
5 boxes of red marbles = 20 marbles
red box has 20:5 = 4 marbles
12 blue boxes + 3 red boxes = 48
12 blue boxes + 12 red marbles = 48
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12 blue boxes = 36 marbles
each blue box has 3 marbles

Concluded the third part of the Chinese task with success, we proposed to Gabriel
to continue the session with a more difficult problem. To which he immediately agreed.
The fourth part of the Chinese task consisted in explain the fangcheng method to
solve a problem (figure 7) that involved three equations and three unknowns to Gabriel
by the same researcher.

Figure 7 – Fourth part of the Chinese task (in Portuguese)

The researcher used a similar strategy to solve the problem and to explain the
method to Gabriel. Figure 8 illustrates the first steps that are new in relation to linear
systems of two equations and two unknowns.
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Figure 8 – First steps of the fangcheng method to solve the problem of fourth part of the Chinese task

Once again, Gabriel seemed to understand the process and agreed to try by himself
the resolution of a similar problem. This was the fifth and final part of the Chinese task.
Gabriel solved by himself the problem shown in figure 9.

Figure 9 – Fifth part of the Chinese task (in Portuguese)

He used a similar strategy to the presented by the researcher in example shown in
figure 8, as is illustrated in figure 10.
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Figure 10 – Gabriel solving the fifth part of the Chinese task

Gabriel finished the problem by writing (in Portuguese) the following:
Green box has 2 green marbles
2 red boxes + 1 box of green marbles = 6 marbles
2 red boxes + 2 green marbles= 6
2 red boxes = 4
1 red boxes = 4:2 = 2 red marbles
1 blue box + 1 red box + 1 green box = 6
1 blue box = 2 blue marbles.

3 Conclusions and final remarks
The simplicity of the fangcheng method to solve a problem that involves a linear
system of equations notorious in the paper of Y. Yuan (2012), made us conceive a case
study to check the possibility of this method be learned by a young child.
We verified that Gabriel, a ten years old boy, solves systems of two and three
equations with two and three unknowns, respectively, using the fangcheng method.
The task created by making the didactic transposition of the fangcheng method was,
in our opinion, adequate to the intended objectives. However, Gabriel said that the
pictures used weren’t relevant to his understanding of the problem.
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In this paper, as we said before, we presented the data analysis that shows that the
fangcheng method was “successfully taught” (meaning that a boy with ten years old
would be able to replicate it in similar situations). This boy has just concluded the
primary school and he doesn’t know yet the algebra concepts of unknown, equation and
system of equations. It is also true that Gabriel is a student motivated and very
interested in solving math problems, which isn’t the norm with Portuguese students.
Nevertheless this study shows that it is possible to learn the fangcheng method much
earlier than in the first university year, as usually occurs with the Gaussian elimination.

Acknowledgements. Thanks are due to Gabriel who accepted patient and happily all
our math challenges.
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