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Summary: The aim of the study is to investigate the possibility for fourth grade students to use
the adapted Fangcheng method as a tool for solving word problems. In the first part of the paper we
give an overview of the Ancient Chinese Fangcheng method for solving systems of linear equations.
The second part consists of the research methodology, results and discussion. We used the quasi-
experimental one-group design with post-test only. The sample included 48 fourth grade students.
The research had two phases, and at the end of each phase post-tests were conducted. In the first
phase, all students participated in the intervention program, while the second phase included only
those students who performed well on the first post-test. The study results indicate that students who
show greater interest in mathematics successfully adopt procedures necessary for the performance of
the Fangcheng method. The findings of the study cannot be applied to all students considering the
fact that there are certain limitations, such as a small sample size and quasi-experimental design.
Therefore, some further research should be performed with a larger sample of students. However,
since there are not many empirical researches which explore the effects of applying the history of
mathematics in math teaching, we believe that our study contributes to the field.

Keywords: Fangcheng method, systems of linear equations, primary school mathematics,
ourth grade students.
&

1 aleksandra.mihajlovic@gmail.com

o —

[l
&

[l

72

Copyright © 2020 by the authors, licensee Teacher Education Faculty University of Belgrade, SERBIA.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original paper is accurately cited.




Using the Fangcheng method to develop pre-algebra concepts in primary-grade students

Introduction

Introducing history of mathematics in class-
rooms might help students understand that math-
ematics is a vivid discipline with rich cultural and
historical roots in the practical life of people (Abah,
2017). The idea of integrating contents of the histo-
ry of mathematics in a math class is not new (Fried,
2001; Deji¢ & Mihajlovi¢, 2014). There is a great
number of works which offer various discussions
on why and how to use the history of mathematics
in mathematics teaching and learning (Mihajlovi¢
& Miliki¢, 2019). Researchers stress many bene-
fits of using history of mathematics in mathemat-
ics education, such as: laying foundation for bet-
ter understanding of mathematics; contributing to
the development of students’ mathematical think-
ing; sharpening problem-solving skills; helping stu-
dents establish mathematical connections; provid-
ing a context for problems and ideas; suggesting
alternative approaches to problem solving; show-
ing the relationships between different ideas, defi-
nitions, and applications; highlighting interaction
between mathematics and society; making mathe-
matics more interesting and approachable; increas-
ing students’ motivation and developing positive at-
titudes toward learning; encouraging multicultur-
al approaches; overcoming students’ fear of math-
ematics; giving students a historical role-model; giv-
ing a human dimension to mathematics and math-
ematical knowledge (Fried, 2001; Liu, 2003; Wilson
& Chauvot, 2000). Many studies and research indi-
cate that it is very important for preservice math-
ematics teachers to be familiar with the genesis of
mathematical concepts and statements (Schubring
et al., 2000; Deji¢ & Mihajlovi¢, 2014). Didactic
skills of teachers can be improved by analyzing old
sources and past obstacles in the historical develop-
ment of mathematics, since these might explain the
difficulties students face when forming some con-
cepts and ideas (Gulikers & Blom, 2001; Mihajlovi¢
& Miliki¢, 2019). Therefore, history of mathematics
might serve as a guideline for teaching mathematics

(Liu, 2003). The order of the topics in a math cur-
riculum is determined mostly in accordance with
historical development of some mathematical ide-
as (Katz, 1993). It is known that students very of-
ten form certain mathematical concepts in the way
similar to the way these concepts have been formed
throughout the history of civilization: direct count-
ing, observation of the real objects, measuring, etc.
(Deji¢ & Mihajlovi¢, 2014). Evidently, students do
not go through the entire process of the historical
development (which sometimes lasted for centu-
ries) in learning these mathematical concepts, but
use shorter routes facilitated by appropriate meth-
odological transformation of the mathematical con-
tents.

In this paper, we discuss the possibilities of
introducing some pre-algebra concepts, such as sys-
tems of linear equations, to primary-grade students
by using an ancient Chinese method. Considering
the fact that there are not many empirical researches
that explore the benefits of using the content of his-
tory of mathematics in a math class (Jankvist, 2009),
we believe our research will significantly contribute
to the field of study.

The Nine Chapters on the Art and Calculation -
the Fangcheng method

The Jiu Zhang Suan Shu or The Nine Chap-
ters on the Art and Calculation represents one of the
most important and most influential mathematical
works in the long history of China (Schwartz, 2008).
It is a collection of 246 mathematical problems with-
in different topics (measurement, architecture, en-
gineering, surveying) which are grouped into 9
chapters (Siu, 1993). The authors and date are not
known, but it is believed that it was composed by
several generations of scholars from the tenth to the
second century BC (Yuan, 2012). The original ver-
sion of the Nine Chapters contained rules and algo-
rithms, but there were no formal proofs or explana-
tions (Schwartz, 2008). In 263 AD, one of the great-
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est mathematicians of ancient China, Liu Hui (225-
295) edited and published the book. Furthermore,
Liu Hui provided written commentaries and justifi-
cations for the used techniques. The eighth chapter
of the book, entitled Fangcheng is dedicated to solv-
ing some real-life problems, such as calculating the
yields of rice, prices of different products and num-
bers of animals (Yuan, 2012). It is based on practical
applications to real life situations. It contains eight-
een riddles/problems dealing with systems of linear
equations and their solution techniques are present-
ed. The problems in this chapter were set up in the
way which is similar to how we would today formu-
late them in Linear algebra, using n equations with
n unknowns (Mihajlovi¢ & Miliki¢, 2019). Out of
18 problems, 17 can be formulated as well-defined
linear equations (with variables ranging from 2 to
5), while one of the problems represents an under-
determined linear system (5 equations and 6 vari-
ables). The Fangcheng method, the translation of
which literally means “Method of rectangular ar-
rays’, deals with the solution of simultaneous lin-
ear equations with two to five unknowns by plac-
ing them in a table, and operating with columnsin a
way identical to the row transformations of the ma-
trix algebra (Joseph, 2011).

Chinese computation procedure was per-
formed with a set of rods on a grid called counting
board. Various numbers were represented by vari-
ous rod configurations. The rod numerals were put
down on the counting board in the way identical to
the one we use to form the matrix for solving equa-
tions with multiple unknowns. The detailed instruc-
tions for solving problems required setting up and
manipulation of rod numeral rectangular arrays.
The counting board allowed the Chinese to eas-
ily distinguish between different variables (Swetz,
1979). The analysis of these manipulations implies
that they used the same principle, which was devel-
oped fifteen hundred years later by famous German
mathematician Carl Friedrich Gauss (1777-1855),
known as the Gaussian elimination. Although a var-
iant of Gauss’ elimination procedure was proposed

earlier by another mathematician, Tobias Mayer
(1723-1762), this way of tackling systems of linear
equations had not been found in any other math-
ematical tradition until the development of modern
mathematics (Joseph, 2011).

We will illustrate the Fangcheng method
in solving the first problem in Chapter 8, which
involves harvesting three different grades of rice.

The problem. Now given 3 bundles of top
grade paddy, 2 bundles of medium grade paddy, [and]
1 bundle of low grade paddy. Yield: 39 dou of grain.
2 bundles of top grade paddy, 3 bundles of medium
grade paddy, [and] 1 bundle of low grade paddy, yield
34 dou. 1 bundle of top grade paddy, 2 bundles of
medium grade paddy, [and] 3 bundles of low grade
paddy, yield 26 dou. Tell: how much [dou] does one
bundle of each grade yield? (Schwartz, 2008: 11)

The problem can be represented with rods
on the counting board (on the left), as well as with
Arabic numerals (on the right), as given in Figure 1.

Left Cenfre  Right

Lo 1 2 3
T 2 3 2
] | | 3 1 1

=1 = =2 2% 34 39

(1) | (in)

Figure 1. The counting board and representation
of Arabic numerals (Martzloff, 2006).

If we used the familiar algebraic notation,
then the previous representation would be equivalent
to the next set of equations

3x+2y+=z=39

2x+3v+z= 3-1-}

x+2v+3z=126

However, we will continue solving the prob-

lem with the use of rods and counting board. Af-
ter performing the series of multiplications and sub-
tractions with the appropriate columns, the initial
“rectangular array” is reduced in tabular form as il-
lustrated in the Figure 2.
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1 6 3 1 0 3 30 3
2 9 2 2 2 s 2
3 3 1 3 1 1 9 1 1
26 102 39 26 24 39 78 24 39
0 0 3 0 0 3 0 3
4 5 2 20 5 2 S 2
8 1 1 40 1 1 36 1 1
39 24 39 195 24 39 99 24 39

Figure 2. Representation of the solution procedure
on the counting board.

If we pay closer attention, we see that the ma-
trix of the system is actually reduced to a triangu-
lar form. By using simple division, the value of one
of the unknowns can be determined (z=36/99), and
the other two unknowns can be found using the
successive substitutions. Martzloff indicates that the
Fangcheng technique is “visibly nothing other than
Gauss’s method” (Martzloff, 2006: 254), although
Gauss’s work has little to do with the work of Chi-
nese authors.

Using the Fangcheng method to develop
pre-algebra concepts in primary-grade students

From the pedagogical viewpoint, the history
of mathematics has a potential to be used in math
classes (Deji¢ & Mihajlovi¢, 2014). As Costa et al.
(2015) indicate, it can contribute to the develop-
ment of some pre-algebra concepts, such as systems
of linear equations, unknowns and matrices. These
authors performed a case study about the use of a
simplified form of the Fangcheng method for solv-
ing a system of linear equations by a gifted 10 year
old student. The results of the study indicated that
it was possible to learn the Fangcheng method at a
much earlier age compared to the age when solv-
ing systems of linear equations is usually taught. In
Serbia, students in the lower primary school grades
learn how to solve some simple linear equations

with one unknown, and how to model word prob-
lems into these equations (Mihajlovi¢ & Milikic,
2019). They do not learn how to solve systems of lin-
ear equations until the 8" grade of primary school.
Nevertheless, in order to solve some complex word
problems, which require the knowledge of the more
advanced methods (such as systems of linear equa-
tions), primary school students (third and fourth
grade) use certain mathematical models which al-
low them to transform these problems into simpler
ones. The most commonly used models in Serbian
primary schools are: the line segment model (which
corresponds to the bar model), the rectangle area
model and the false assumption method. For exam-
ple, the line segment model can be defined as a pic-
torial representation of a number in a form of a line
segment. This model helps students understand the
number relationships as well as which operations
should be used to solve a word problem. It also ena-
bles them to visually represent known and unknown
quantities, as well as the relation between both the
known and unknown, and between two and more
unknowns. This model is usually used when there
is one of the following relations between unknown
variables a and b: (a) a is greater than b by n, or (b)
a is n times as large as b. The rectangle area mod-
el is used when one variable in the word problem
can be expressed as a product of two other variables.
The basic idea of the model is to represent the rela-
tion of three variables through the relation between
the sides of the rectangle and its area. If one side of
the rectangle is increased, the other side should be
decreased in order for the area to remain the same.
By using graphical representation in both of mod-
els, the system of two linear equations with two un-
knowns is transformed into the process of solving
the equation with one unknown.

The Fangcheng method is based on adequate
visual representation of numerals on the counting
board and involves only basic calculations, such as
subtraction and multiplication. Considering these
and the study performed by Costa et al. (2015), we
believe that primary grade students can understand
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and use the Fangcheng method to solve some word
problems that involve systems of linear equations.

Research methodology

The main aim of the study was to investigate
the possibility for the fourth grade students to use
an adapted Fangcheng method as a tool for solving
word problems. The first research task was to deter-
mine if the fourth grade students were able to learn,
understand, and use the Fangcheng method when
solving the systems of linear equations with two un-
knowns. The second research task was to examine if
students were able to learn, understand, and use the
same method in solving the systems of linear equa-
tions with three unknowns.

A quasi-experimental one-group design with
post-test only was used due to the fact that the study
required the observation of a single group during
and after the intervention (Privitera & Ahlgrim-
Delzell, 2018). In some situations, in which there
is a much specific background knowledge about
how the dependent variable might behave, the one-
group design with post-test only has merit (Shad-
ish et al., 2002). In our research, the pre-test could
not be monitored since no student had had previous
experience in using the presented method for solv-
ing systems of linear equations. Furthermore, there
was no justified reason to include a control group
since the comparison would not be possible consid-
ering that the contents presented to the experimen-
tal group were not usually taught in first four prima-
ry school grades, and sometimes not until the eighth
grade. Hence, students in the control group would
not be able to solve the test examining their under-
standing of the new method and contents, for tradi-
tionally they were not taught about these.

Sample. The research sample involved 48
fourth grade students from two different classes of
the primary school Bosko Djurici¢ in Jagodina. The
primary school and classes were randomly cho-
sen among other primary schools in Jagodina. The

study was conducted at the end of the school year,
in June 2019 and it took two weeks. There were 27
male students and 21 female students. All students
were 10 years old. The general students” Mathemat-
ics achievements are presented in Table 1 and then
in Table 2, in regard to the gender.

Table 1. Distribution of Mathematics grades at the
end of the fourth grade.

Grades 5 4 3 2 IEP?

Frequencies 58,33 31,26 6,25 2,08 2,08

Table 2. Distribution of Mathematics grades at the
end of the fourth grade in regard to the gender.

Grades 5 4 3 2 IEP
boys 17 7 2 0 1
girls 11 8 2 2 0

The mean mathematics grade for all students
(except for the students that study by IEP) was 4.49
(SD = 0.72), 4.58 for boys (SD = 0.64), and 4.38 for
girls (SD = 0.80).

Procedure. The treatment involved two phas-
es. Each phase lasted two classes, within a seven-day
interval.

The first phase of the study included all stu-
dents of two fourth grade classes. The aim of this
stage was to introduce the students to a revised ver-
sion of the Fangcheng method of solving a system of
two equations with two unknowns.

The second phase of the study included stu-
dents who had correctly done at least two tasks after
the first phase. The objective of this phase was the
adoption of the Fangcheng method of solving a sys-
tem of three linear equations with three unknowns.

2 The Individualized Educational Plan developed to ensure
that a child with a disability received specialized instruction.
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Instrument. During the study, the tasks de-
signed by the authors were used in both phases.
The objective of the tasks was to adopt the method
of solving a system of two equations with two un-
knowns in the first phase, that is, a system of three
equations with three unknowns in the second phase.
The degree of understanding the content the stu-
dents were dealing with was determined by the tests
after the first (appendix 2) and second (appendix 4)
phases of the study. The processing of the obtained
data was done by standard qualitative analysis.

Results and Discussion

Although the content the students were in-
troduced to during the study was new to them, they
showed an interest in adopting new contents in the
class, which was reflected in their activities, their will-
ingness to comment, suggest and conclude, as well as
to ask questions about the ambiguities encountered
during their work.

The introduction to the first phase of the study
was a task depicting two situations of maintaining
balance on virtual scale by adding or subtracting ob-
jects of equal masses on the scale plates. The aim of
both situations was for the students to come to the
following conclusions:

- if we add or subtract equal masses of objects
to the balanced scale plates, the scale will still remain
balanced;

- if the mass of an object from one of the plates,
which are in balance, gets doubled, tripled, etc. ...
then we must increase the mass of the object on the
second plate just as many times in order to keep the
scale balanced;

Such considerations served to draw mathe-
matical conclusions:

- if we add or subtract the same number to the

left and right sides of equality, the equality will con-
tinue to apply;

- if we multiply the left and right sides of equal-
ity by the same number, the equality will continue to
apply.

These procedures are analogous to those re-
quired by students to perform operations with rows
or columns in a table.

After the introductory part, the tasks complet-
ed in the first phase (appendix 1) are designed so that
students should:

- in the first task, learn how to form a
Fangcheng 2 x 2 table, subtract values of one column
from the values of the other column, form a column
with one zero in the first two rows, determine the val-
ue of one variable and, finally, determine the value of
the other variable;

- in the second task, practice the procedures
from the first task and become acquainted with the
successive subtraction of values in one column from
the values in the other column, and as an alternative,
to form a zero in the table by determining the least
common multiple in the same row, multiply the col-
umns by corresponding numbers, and then subtract
values of one column from the values of the other col-
umn;

- in the third task, practice the procedures
shown in the first two tasks.

When writing down the values in the tables,
we used the left-to-right orientation, as this notation
is common to students, much like Costa et al. (2015).

That this way of working with students has had
a good effect is shown by the results obtained by test-
ing.

In the first task of the test, students were giv-
en a text-based system of two equations with two un-
knowns and the initial table was fully formed. The
number values in one row of the table were equal, and
the solution was obtained with a single subtraction
of the corresponding values from the columns, after
which the values of the variables were determined.
Students’ success in each part of the assignment is
given in the Table 3.
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Table 3. Students’ success in the first task.

Accurately

A tel
subtracted ~ Accurately o ooV
. determined

correspond- determined alue of

ing values  value of one both un.

from the unknown Knowns

columns
Number of
42 1
students 36 8

The first step in determining the solution,
accurate subtracting of values from columns and
forming zero in one column, was done by a large
number of students. One cannot identify a specific
category of students who did not successfully com-
plete this part of the task because among those who
did not do this step well, was a student with a grade
of 5. It is interesting that a student who works ac-
cording to the IEP, did the first step well.

The second step in solving the first task was to
determine the value of one unknown. This step was
done accurately by 75%, while the last step, replac-
ing one obtained value in the appropriate equation
and determining the other unknown, was success-
fully done by 37.5% of the students.

We notice a global characteristic of all stu-
dent works in this and in the following tasks. Work-
ing with students in the class, the emphasis was not
on the mathematical strictness of the writing in de-
termining unknown values, but on the correctness
of data presentation. The procedure for determin-
ing the unknown values from the table will be illus-
trated to students by the example of task 2 from the
class (Figure 3).

4 blue boxes

2 white boxes 1 white box 5 white boxes
18 cookies 9 cookies 77 cookies
4 blue boxes
45 cookies 4 blue boxes 1 blue box
77 cookies 32 cookies 8 cookies

Figure 3. Writing and method of determining
unknown values.

However, although the students determined
the data during the class in the presented way, when
it came to testing, all the students who came to the
point when it was necessary to determine the value
of the unknown, abridged the writing immediately
by writing down the value of one unknown and ver-
bally performing computational operations to de-
termine the other unknown (Figure 4).

The second test task required of students to in-
dependently mark the values and enter data in a table.
There was a row in this table as well, in which there
were two equal numbers, but the order of listing the
variables in the task concept was different, so the stu-
dents had to pay attention to what position in the ta-
ble they were writing numbers on. Students’ success
in each part of the task is given in the Table 4.

We see that the order in which the variables in
the assignment were listed caused 18.75% of the stu-
dents to write wrong values in the table, which is con-
ditioned by the linearity of reading the assignment
and not paying attention to the identicality of the
values being entered in the same row. Almost equal
number of students failed to successfully subtract the
corresponding values from the columns. Character-
istically, out of the students who did not take a single
step in the first task, only one failed to tabulate, and
3 others failed to complete the required subtraction
of the values from the columns as well. This leads to
the conclusion that very few students failed to under-
stand all parts of the technique used in the class.

Table 4. Students’ success in the second task.

Accu-
Accu-
rately Accu- rately de-
Accurate- subtract- rately de- v
. termined
ly entered ed corre- termined
. . value
valuesin sponding  value of both
the table  values of one un-
from the unknown
knowns
columns
Number
of stu- 39 29 25 16
dents
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Figure 4. Methods to calculate unknown values.

Although the number of students who suc-
cessfully determined only one variable is smaller
than in the previous task, the approximate number
of students managed to completely do this task as
well. The number of students who accurately deter-
mined one variable is lower due to the computation-
al errors that students made while working.

The third task of the test, unlike the previous
tasks, did not have the ready-made values in the row
with which students could immediately determine
the value of one variable by one subtraction of val-
ues from columns, that is, it was necessary to per-
form multiple subtraction of values from columns
of the table. The example of task 2, which was done
with the students in the class, illustrates the shown

method of writing multiple subtraction of values
from the columns of the table (Figure 5).

Although the original Fangcheng method is
based on the described column subtraction process,
in order to simplify the procedure, the students
were explained that it was possible to get zero in
one row by specifying one common multiple in a
row and then by multiplying the columns by the
corresponding numbers to obtain the required
equal values in a row (Figure 6).

Twelve students did not attempt to do the
third task, while 3 students did not create a good
initial table. Students’ success in each part of the
third task is given in the Table 5.
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Milan Sladja Milan Sladja

Milan Sladja

. s 4 . s 4 4 . 4 1
1 s |5 T s |5 T 7 s
total 172 77 tlotal 172-77 77 total 95 77
Milan Sladja Milan Sladja
. 4.4 4 . 0 4
= l7-s s | Tl 2 s
fotal o5-77 77 tlotal 18 77

Figure 5. An example of the table layout and method for writing data.

Milan Sladja Milan Sladja

Milan Sladja

Y : & : 2 @ :
- - -
[ 12 5 N |12 5-2 N ,' 12 10
total 172 77 total 172 772 total 172 154
Milan Sladja Milan Sladja
®:: : & - -
12—-10 10 | > .I 2 10
total |172-154 154 total 18 154
Figure 6. Another method to get a zero in a table.
Table 5. Students’ success in the third task.
Accurately entered ~ Accurately obtained Accgrately deter- Accqrately deter-
values in the table zero in one column mined value mined value
of one unknown of both unknowns
Number of students 33 14 12 7
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Students’ lower success rate in this task is no-
ticeable, and the reason for this is precisely their ina-
bility to figure out the transformation of tables in the
process of obtaining a zero in one column. Out of 33
students who successfully formed the table, 17 got
zero in columns by multiplying the columns, while
13 did it by multiple subtractions. It should be noted
that three students continued their work by dividing
values in one column, although there was no talk of
this method of work in the class. There are obvious
common computational errors made by students, as
well as errors in which, when multiplying or sub-
tracting values in the table, they multiply or subtract
the corresponding values of the first two rows, while
leaving the last row unchanged.

The testing after the first phase served as an
entrance test for the second phase, in which all stu-
dents who did well in at least two of the three tasks
participated. Although 16 students met this require-
ment, 14 students attended the class. Only one stu-
dent had a grade of 4 and all others had a grade of 5
in math. Of the 14 students, 4 were female and the
rest were male. In an individual interview with the
teachers of the two school classes, we found that

Table 6. Students’ success in the second test.

all students who participated in the second phase
showed a particular interest in math and all had suc-
cessfully participated in math competitions in the
previous two years.

As the second phase envisages the adoption
of the three-equation method with three unknowns,
the tasks performed in this phase (appendix 3) are
selected so that students:

- repeat the basic rules adopted in the first
phase;

- adopt the formation of Fangcheng 3 x 3 ta-
bles;

- notice a method to reduce a 3 x 3 table to a
2 X 2 case;

- adopt a procedure for determining un-
known values.

The testing of students after conducting the
second phase of the study showed a high degree of
understanding of the contents that were done. The
students’ success in solving the test assignment
where there is a text-based system of three equations
with three unknowns using the Fangcheng method
is given in the Table 6.

Accurately Accurately Accurately determined value
Accurately .
formed table  formed reduced of the variable
solved table 2x2
3x3 table 2x2 one two all
Number of
14 12 11 9 7 6
students

All students successfully drew a 3 x 3 table,
marked the rows and columns, and accurately en-
tered the numerical values in it.

Reducing the 3 x 3 table to a 2 x 2 table is ex-
plained to the students in such a way that it is nec-
essary to get two zeros in one row, by multiple sub-
tracting or multiplying, then by subtracting the cor-

responding values from the columns. Based on the
results, we can see that this step was successfully un-
derstood by the students, and as an illustration of
the whole procedure we present the work of one of
the students (Figure 7).
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Figure 7. A student’s method of writing a solution.

During the examination of the students’
work, we noticed the work in which the student
got two zeros in one column of the table, and
then correctly completed the task, although this
procedure of forming a 2 x 2 table differs from that
shown in the class (Figure 8).

Further work with the 2 x 2 table was as
good for most students as we expected it to be, but
the results obtained in the Table 6 were conditioned
by the computational errors that students made
when calculating. Of the 6 students who accurately
specified all the required information, 5 were male
and 1 was female. Characteristically, male students
made computational errors to a greater extent, and
all female students successfully determined the
value of at least one unknown.

Figure 8. Another method of obtaining zeros
in a table and determining a solution.

Conclusion

Based on the quantitative and qualitative
analysis of the fourth grade students’ tasks, we can
conclude that they use the Fangcheng method with-
out any difficulties when solving text-based systems
of linear equations with two unknowns within the
given formed initial table. Difficulties arise when
students need to mark the values and form a table
on their own, which is often conditioned by the lin-
earity of reading the assignment and by not paying
attention to the ratios between the values.

A large number of students manages to un-
derstand the technique used, but due to frequent
computational errors, they are unable to accurately
determine the values of the unknowns. Among the
students who are able to apply the Fangcheng meth-
od in solving a system of linear equations with two
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unknowns, majority have excellent grades in math-
ematics, while a gender difference in favor of boys
is also noticeable. However, since there were more
boys than girls in the initial sample, we cannot gen-
eralize this statement.

The results of our study are in compliance
with the results of the study conducted by Costa et
al. (2015). Students who have shown a particular in-
terest in mathematics are able to understand and
use the Fangcheng method in solving text-based
systems of linear equations with three unknowns.
Differences in the success rate in solving the tasks
that we found to exist, indicate that more attention
should be paid to developing student concentration
and systematics, in order to reduce computational
errors when calculating values of unknowns.

The findings of the study cannot be general-
ized to all students considering the fact that there are
certain limitations, such as a small sample size and
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Appendix

Appendix 1

Tasks used for work with students
in the first phase of the study

Task 1. Zoran measured 3 apples and 4 pears
and obtained a mass of 1250 g. Mila measured 3 ap-
ples and 5 pears and obtained a mass of 1450 g. All
apples have the same mass and all pears have the
same mass. Determine the mass of one apple and
the mass of one pear.

Task 2. Milan and Sladja packed the cookies
in blue and white boxes. Milan packed 184 cookies
in 8 blue and 12 white boxes. Sladja packed 82 cook-
ies in 4 blue and 5 white boxes. Each blue box has
the same number of cookies and each white box has
the same number of cookies (the number of cook-
ies in blue and white boxes does not have to be the
same). How many cookies were put in each blue box
and how many in each white box?

Task 3. Zarko wrote down three of the same
numbers a and two of the same numbers b. The sum
of all the numbers that Zarko wrote down is 1892.
Mirka wrote down the number a four times, and the
number b three times. The sum of the numbers Mir-
ka wrote is 2662. Determine the values of the num-
bers a and b.

Appendix 2

Tasks on the test
after the first phase of the study

Task 1. Jova and Maja bought cookies and
juices for their friends. Jova bought 5 cookies and
7 juices and paid them 390 dinars. Maja bought 5
cookies and 4 juices and paid them 330 dinars. De-
termine the price of the cookie and the price of juice.

Task 2. Sasa bought 3 bags of caramels and 2
bags of Negro candy, and Filip bought 2 bags of Ne-

gro candy and 4 bags of caramels. If Sasa has 120
candies in total and Filip 140, calculate how many
caramels and how many Negro candies are in one
bag.

Task 3. Goran measured the length and width
of the yard. He used a stick and a rope to measure it.
He measured that the length of the yard was equal
to the length of 4 sticks and 6 ropes, and the width
of 8 sticks and 3 ropes. If the length of the yard is 38
m and the width is 31 m, calculate the length of the
stick and rope.

Appendix 3

Tasks used for work with students
in the second phase of the study

Task 1.1f a farmer sells 2 cows and 5 sheep, he
will earn 80,000 dinars, and if he sells 3 cows and 2
sheep, he will earn 65,000 dinars. If we know that all
cows are sold at the same price, as well as all sheep,
at what price does the farmer sell one cow and at
what price does he sell a sheep?

Task 2. Friends from the same class buy
snacks every day. On Monday, they paid 230 di-
nars for two rolls, three yoghurts and five bagels. On
Tuesday, they paid 340 dinars for two rolls, four yo-
ghurts and eight bagels. On Wednesday, they paid
420 dinars for two rolls, five yoghurts and ten ba-
gels. How much is a roll, how much is yoghurt, and
how much is a bagel? The price of a product did not
change that week.

Task 3. Wooden crayons are sold in a book-
store in three different box sizes — small, medium
and large. On Monday, 4 small, 3 medium and 1
large box of crayons, or 70 crayons in total, were
sold. On Tuesday, 2 small, 2 medium and 1 large
box, or 50 crayons in total, were sold. A total of 65
crayons were sold on Wednesday, 1 small, 2 medi-
um and 2 large boxes. How many crayons fit into a
small box, how many into a medium size box and
how many into a large box?
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Task 4. (Modified problem from Nine Chap-
ters) A farmer planted three types of wheat on the
field: good quality wheat, medium quality wheat
and poor quality wheat.

On the first day, he took three bundles of
good quality wheat, two bundles of medium quality
wheat and one bundle of poor quality wheat, and got
a total of 12 kg of grain.

On the second day, he took two bundles of
good wheat, three bundles of medium wheat and
one bundle of bad wheat, and got a total of 13 kg of
grain.

On the third day he took one bundle of good
wheat, two bundles of medium wheat and three of
bad wheat, and in total he got 20 kg of grain.

How many kilograms of grain are obtained
separately from one bundle of good, medium and
bad wheat?

Appendix 4.

Task on the test
after the second phase of the study

There are three types of cookies in the
“Sweet Square” pastry shop: muffins, egg-custards
and thumbprint cookies. All the cookies are packed
in boxes so that all boxes with the same type of
cookie have the same number of cookies in the
package.

Pastry chef Mica had three customers
in the morning. She sold one box of muffins, two
boxes of egg-custards and two boxes of thumbprint
cookies to the first customer, a total of 21 cookies.
To the second customer, she sold one box of muffins,
three boxes of egg-custards and three boxes of
thumbprint cookies, or a total of 30 cookies. The
third customer bought a total of 56 cookies, two
boxes of muffins, five boxes of egg-custards and six
boxes of thumbprint cookies.

How many cookies does each of the boxes
of muffins, egg-custards and thumbprint cookies
contain?
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Anexcanppa M. Muxajmosuh
Henap P. Bynosuh
Munan I1. Munukuh

Yuusepsuret y Kparyjesny, @axkynreT nefaromkux Hayka y Jarogunu, Cp6uja

MN3TPABUBAIBE IIOYETHUX AJITEBAPCKUX ITIOJMOBA Y MJIABUIM PASPENVIMA
OCHOBHE HIKOJIE TIPUMEHOM ®AHI'YEHTI METOIE

Hgeja o unineipucary cagpxaja uciiopuje mailiemailiuke y HAciiasy mailiematliuke Huje
Hosa. HayuHuuu ucitiuvy ga kopuuiheroe uciiiopuje matiiematiiuxe y maieMamiuukom 06pasosarey
Mmosxce Suttiu 6unectipyko kopucHo. OHu cmaitipajy ga je epno Suilino ga HACABHULU MATieMa-
imuxe 8ygy yuosHailiu ca upouecom Hopmupara MamleMamu1Kux nojmosa u wepgrou jep he um
o 3Harwe Homohu ga cxeatile ca Kojum iiewikohama ce cyouasajy wuxosu yueHuuu. Y ciieapu,
uctiiopuja matilematiiuke HaM H0KA3Yje ga yueHUuUuu 6p7o 4eciiio Gopmupajy mattiemaiiuuxe ioj-
MO8e HA CIUYaH HAYUH KAKO je 0 YUreHO paHuje, oKom uciiopuje woseuanciiea. Inasua cepxa
0601 ucilipaxueara je ga upegciiasu ogpehere ipe-aniedapcke fiojmose, Kao Wio cy cuciiemu
JIUHEAPHUX jegHAYUHA, Y Pagy a4 Y4eHUUUMA OCHO6He uikose tlomohy jeghe citiape KuHecke meitio-
ge. Y ipsom geny paga upuxasana je gpesna xunecka Paniveni meiioga. Osa meilioga ofiucana je
y ocmom ioinaemy kruie Jleseiti ioinasma o ymeitinociu u pauyHarwy (Jiu Zhang Suan Shu unu
The Nine Chapters on the Art and Calculation), jegrol 0g Haj3HaUAJHUJUX U HAJYTAUUATHUUX gena
u3 odnacimiu maiemaitiuke y gyioj ucimopuju Kune. Osaj meitiog Suo je upsoduitino xopuuihen
3a peuiasarbe C6AKOGHEBHUX HUBOTUHUX TPodseMa, KAO WO je pauyHaree UPpUHOCA HUPUHYA,
odpauyHasarve yeHa UojeguHUX UpoU3B0ga, kao u 3a Opojarwe xusotiurva. Panueni meitiog je
HAYUH Peulasarba Yiopegrux TUHeapHUX jegHa4UHa ca gee go fieill Hello3HATUX WaKo WTio ce OHe
yHoce y wliadeny, a pauyHatrve Koje ce 8puil y konoHama iadesne UCHL08eTHO je parHchopmauuju
pegosa y caspemeroj maitipuuroj aniedpu. Y Cpduju, yueHuuu iiek y ocmom paspeqy OCHO6He
WiKOTIe y4ue KaKo ga peuiasajy cucitieme nuHeaprux jegnavuna. Lum o0soi paga je uciiuitiusearve
moiyhnocitiu dpumene agantiupane Paniveni meilioge Kao cpegciliéa 3a peuiasaroe wieKCilyas-
HO 3agaitiux tipodnema y pagy ca yHeHuyuma 4eiliépiniol paspega ocHoséHe uikone. Y gpyiom gemy
paga apuxkazanu cy mMeiiogonoiuja UCipaiusarea, pesyailamu u guckycuja. Y uciipaxcusary je
Kopuwihen kéazuekciiepumeHllanrHy gquiajH ca jegHom ipyiom u tocilittiecitiom. Huje tiocitiojao
olipasgarn passnoi ga ykmwyuyjemo u KOHUPOnHY Ipyily, jep He Su duno moiyhe naitipasuitiu iio-
peherve, 6ygyhu ga ce cagpxaju Koju cy tpegciilasémeHu eKclepUMeHIAnHOj Ipyiiu He y4e y ipea
uettiupu paspega ocHosHe wikone. ITopeg wioia, upegitieciii Huje duno moiyhe ciiposecitit HOUATAO
HUKO 0g y4eHUKa Huje UMao HpeilixogHo UCKYCTHE0 y 6e3u ca Kopuuiherem lipegcitiasbeHol me-
imoga 3a pewiasarbe nuHeapHUX jegnauuna. Ilpeu ucitipaxusauku 3agamiax 6uo je ga UChUTLAMO
ga U y4eHuyu 4ettiepitiol paspega 0CHOBHe uikosie mMoly ga Hay4e, cxéaille u ipumervyjy Panueni
Meiliog 3a peuiasarbe CUCTleMAa TUHEAPHUX jegHAYUHA ca gée Hello3Haille. Y okeupy gpyiol uciipa-
HUBAYKOT 3aGattiKa UCTUTUBATIU CMO ga /iU YHeHUYU MOTY ga Hay4e, cXéaille U pumervyjy ucitiu
08aj Meitlog y peulasarby cUcilema AuHeapHUxX jegHa4una ca wpu Heflo3Haile. Y30pax uciipaicu-
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8arba YUHUIIO je Yeitipgeceill 0cam yueHUuKa 4eilepiioi paspeqa ocHosHe uikone. Viciupaxcusarve je
ciiposegeHo y gee ase, a Ha kpajy ceake ase paheH je tiocitiitiecili. Y Up6oj ¢pasu yuecitieosanu
Cy ceu yueHuuu, gox cy y gpyioj asu yueciti608anu camo yueHuyu Koju cy Uociiuiny yciex Ha
upeom toctinecitiy (14 yuenuxa). Pesyniiaitiu uciipaxusarea ykasyjy ga ydeHuuu Koju toka-
3yjy eehe unitiepecosarve 3a mamtieMaliuky ca yctiexom mMoly ga yceéoje Hociliyiike HeolixogHe 3d
upumeny Daniueni meiioge. llimasuwe, eehuna yuenuka yme ga kopucitiu Panueni meitiog es
uxkaxkeux tewkoha 3a peuwiasarve WeKCiyanHo 3agamiux upodnema y 6e3u ca cuciiemMuma nue-
ApHUX jegHa4uHa ca gee Hello3Hallle y 0K6Upy 3agatiie iouetiite wadene. Teuikohe ce jasmajy xaga
yueHuuu wipeda ga o3Haqe epegHOCTU U ga camu Haupiiajy wadeny. Vaxo eenuxu dpoj yueHuka
pasyme WiexHUKy Kojy je nowipedHo Kopucimiuitiu, 3601 ueciliux ipewaka y pauyHary oHu He ymejy
wa4Ho ga ogpege spegrociliu Heniodnaimiux. Hanase uciipaxuearba ne moxcemo youumiiasaiiu, ¢
0d3upom Ha wurbeHUUy ga tociioje ogpehera oipanuuerba, HoUywl Manol y30pKa u Keasu-excie-
pumeniiiannoi mogena. Vimajyhu iwio y sugy, ioimpedHo je ciiposecitiu gogamina Uciipaicuearea Ha
sehem y3opky yueruxa. C 003upom Ha iio ga He HOCIHOjuU 8enuky SPoj eMAUPUICKUX UCTHPANCUBALA
Koja ce dase uciuiiusarem eekaitia upumere cagpiraja uciiopuje maiemattiuke y HAciasu ma-
iiematiiuke, 6epyjemo ga 06aj pag upegciiasma 3navajax goupuroc 08oj odnaciiu. C ilium y 8e3u, y
Hexum Sygyhum uctipaxcusarouma imipeda UCAUATHY CTTIAB06e HACTHABHUKA Y 6€3U €A UPUMEHOM
uciiopuje mailiemaiiuxe y HACLABU, Tie YIl8PGUitiu Y K0joj Mepu je OHU KOPUcitie y COtCili6eHOM
pagy ca geuom, y Koje cépxe, y KOjUuM ceiMeHIUMA UKOICKOTL 4acd, Kao U ga il UCiiopuja maitiema-
iiuke y goeomwHoj mepu tiodyhyje unitiepecosarve yueHuxa.

Kmwyune peuu: Paniveni meilioga, cucitieMu TUHeaApHUX jegHauuHa, HoueiliHa HACTHABA Ma-
ematiiuke, y4eHUUU 4etli8piiol paspega 0CHOBHe UIKOe.




