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Abstract. Mathematical modeling is one of the competencies that have been
focused in the curriculum of many countries in the world such as Australia,
Germany, Singapore and USA. In Vietnam, the Mathematics curriculum
promulgated in 12/2018 clarified that modeling competency would be one of the
domain-specific competencies that contribute to the formation and development of
the mathematical competency in particular, and numeracy in general. In the new
mathematical curriculum, the topic of natural number remains central and
throughout accounting for more than 50% of the knowledge in the primary
curriculum and the first half of grade 6 as the foundation to build new sets of
numbers which are not mentioned in the primary curriculum. In this paper, we
present a study on modeling competencies and transformational pedagogical
analysis of specific learning tasks based on real-life context included in the
German, Singapore and Vietnamese curricula, in order to make recommendations
in teaching to develop the model competency for the topic of natural numbers by
model method.

Keywords: Mathematical competency, mathematical modeling, modeling process,
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1. Introduction

In Germany, according to lower secondary education standards [1] and primary school
level [2], mathematical modeling competency is one of the compulsory educational goals that
the Minister of Culture conference has agreed on. Recently, mathematical modeling competency
is considered one of the measurement standards for higher education entrance qualification [3].
Singapore's education program identifies modeling as a skill in the process of identifying and
applying mathematical knowledge to solve problems; Through modeling, students learn how to
solve uncertain data, create connections, select and apply mathematical concepts and skills
appropriately, identify assumptions and reflect on solutions to real-world problems and make
decisions based on data given or collected [4]. In the Mathematics curriculum of Vietnam, the
modeling competency in Mathematics is one of the five components of mathematical competence
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(including thinking and mathematical argument competency, mathematical modeling
competency, problem-solving competency, mathematical communication competency, using
tools and means in learning mathematics [5]). In this article, we present the research on the
modeling competency and pedagogical analysis of the specific type of task based on real-life
context in Germany, Singapore and Vietnam to bring out recommendations in teaching to
develop modeling competency in natural number topic through model method. In particular, the
textbooks that we have chosen to compare are Primary Mathematics (US Edition) of Singapore [6],
Book of Numbers [7] of Ernst Keltt Verlag in Stuttgart Leipzig and current Math textbooks in
Vietnam [8] respectively.

2. Content

2.1. Mathematical modeling competency in German, Singaporean and Vietnamese curricula

According to German curriculum [3], modeling competency includes:

K3.1: translate the domain or situation to be modeled into mathematical concepts,
structures and relations;

K3.2: work in the respective mathematical model;
K3.3: interpret and test results in the appropriate area or situation.

Modeling competency is expressed at different levels in a situation that needs modeling. Table 1
shows the behavioral indicator of the modeling capacity by each level.

Table 1. Behavior indicator description for each level of modeling competency

Reproduce

Establish relationships

Generalize and reflect

- Apply familiar and
directly apparent models

- Transfer real situations
directly into mathematical
models

- Validate mathematical
results with regard to the
real situation.

- Carry out modeling processes
consisting of several steps and
with few and

not clearly formulated restrictions
- Interpret results of such
modeling processes

- Adjust mathematical models to
varying facts.

- Model complex real
situations whereby variables
and conditions have to be
determined

- Check, compare, and
evaluate mathematical
models considering the real
situation.

According to Singapore's education syllabus [4], modeling competency is represented by
the elements given by Table 2.

Table 2. Behavior indicator description for modeling competency

Component Behavior indicator
Formulating - Understand the problem
- Make assumptions to simplify the problem
- Represent the problem mathematically
Solving - Select and use appropriate mathematical methods and tools (including ICT)

- Solve the problem and present the solution

Interpreting

- Interpret the mathematical solution in the context of the real-world problem
- Present the solution of the real-world problem

Reflecting

- Reflect on the real-world solution
- Improve the model
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In the Mathematics curriculum of Vietnam [5], the mathematical modeling competency is
expressed through the elements and levels described in Table 3.

Table 3. Behavior indicator description for each level of modeling competency

Component Primary Lower Secondary High School
Identify Select operations, | Use ~ mathematical | Establish mathematical
mathematical arithmetic ~ formulas, | models  (including | models (including
models (including | diagrams, tables, | mathematical formulas, equations,
formulas, drawings to present, | formulas, diagrams, | diagrams, drawings and
equations, tables, | express  (speak or | tables, figures and | tables, graphs) to
graphs) for | write) the contents and | equations, describe the situation
situations that | ideas of situations that | representations) to | set out in some real-
appear in real- | appear in simple real- | describe  situations | world problems.

world problems.

world problems.

that appear in some
real-world problems
which are not too
complicated.

Solve Solve problems that | Solve mathematical | Solve mathematical
mathematical appear from the above | problems in  the | problems in the
problems in the | choices. established model. established model.
established model.
Demonstrate  and | Bring out the answer | Demonstrate Explaining the
evaluate the | to the situation | mathematical correctness  of  the
solution in real | appearing in the real- | solutions in real- | solution (the
context and | world problem. world context and | conclusions  obtained
improve the model familiarize yourself | from calculations are
if the solution is with verifying the | meaningful, consistent
not appropriate. correctness of the | with real-world or not).
solution. In particular,
recognizing how to

simplify, adjust real -
world requirements
(approximation, adding
assumptions).

We found out the similarities in the way to define and construct elements of process
modeling competency including the following steps: establishing the model (transforming real
situations into problem to be solved), solving the problem (give the solution in accordance with
the problem after setting up the model), evaluating the solution (show that the solution is
suitable for the real-world model and adjust the solution to match the model or adjust the
original model). In German and Singaporean curricula, the levels of behavioral indicators are
divided according to the perceived ability of the students. In the Vietnamese Mathematics
curriculum, the levels of behavioral indicators are divided according to school level that leads to
difficulties in the teaching process to develop modeling competency. Because a low-level
student can achieve higher-level behavioral indicators on the contrary at the same element,
a high-level student may only achieve lower-level behavioral indicators. Following German and
Singaporean research, we apply the behavioral division modeling competency according to
cognitive levels: reconstruction, relationship setting, reflection and evaluation in this study.
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Therefore, the question is how to teach to develop modeling competency through a
step-by-step process.

According to Werner Blum and Leif [9], the process of modeling involves seven steps.

1 Understandihg
Constructing

2 Simplifyirig
Structuring

3 Mathematising

| 4Working

| mathematically

5interpreting
6 Validating
7 Exposing

rest of the

world " mathematics

Figure 1. Modeling process of Blum and Leif}

According to the above modeling process, Ferri [10] points out those students often ignore
certain steps or do things in the wrong order. Factors affecting teaching to develop modeling
competency that are the synthesis of individual psychological and cognitive characteristics,
teacher support, class regulation, learning tasks or situations that need to be applied to modeling
competency. According to Blum [11], in order to enhance modeling competency, students need
to develop both beliefs and attitudes simultaneously. In addition, teachers need to have
appropriate support to promote students' modeling competency. Specifically, Borromeo Ferri
and Blum [12] identified 5 elements of teaching modeling competency for teachers, including:
Theory-oriented competency, Task-related competency, Teaching competency, Diagnostic
competency and Assessment competency. Finally, designing tasks or modeling exercises with
appropriate context is the key to motivate students to develop modeling competency [13].

In Singapore's curriculum [4], the modeling process consists of 4 steps described in Figure 2.

The modeling teaching in the process (Figure 2) is recommended by Singapore's Math
curriculum to help students construct their own mathematics knowledge and find solutions to
solve problems from reality and develop good habits as well as necessary skills in the model
such as: arranging meaningful information, recording feedback for evaluation, improving results
or building models. At the same time, to develop modeling competency to solve problem,
teachers should follow the principle of connecting learning to the real world, harness ICT tools
and giving students an understanding and importance of practical applications of mathematics
through real-world models and problems. From there, students will see the meaning and
relevance of mathematics.

According Nguyen Danh Nam [14], students mainly have difficulty in formulating real-
world situations into mathematical models because the system of exercises in textbooks do not
present clearly enough and only focus on solving the mathematical model to bring out
mathematical solution.

Therefore, in this paper, we focus on analyzing pedagogical transformation of some typical
teaching situations in math textbook to clarify the process of transforming real-world situations
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into mathematical situations is included in the content in Singaporean textbooks and German
textbooks, helping students develop modeling competency for students.

Real World ; Mathematical World
Formulating
e understand the problem
e make assumptions to
simplify the problem
¢ represent the problem
mathematically
Real-World | Mathematical
Problem - Model
Reflecting Solving
s Reflect on the real-world e Select and use
solution appropriate

mathematical methods

and tools (including ICT)
¢ Solve the problem and

present the solution

e |mprove the model

Real-World
Solution

Mathematical
Solution

Interpreting

e Interpret the
mathematical solution in
the context of the real-
world problem

e Present the solution of
the real-world problem

Figure 2. Mathematical modeling process
2.2. Natural number topic in German, Singaporean and Vietnamese curricula

Natural number topic in German curriculum [15] and Singaporean curriculum [3], and in
the new Mathematics general curriculum of Vietnam [5] in particular holds a central position
throughout the Primary Mathematics, mainly including contents of:

- Read, write, compare and order natural numbers;

- Performing calculations of addition, subtraction, multiplication and division of natural
numbers;

- Applying properties of calculations with natural numbers for mental arithmetic and
rationality;

- Estimate and round out numbers in simple calculations;
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- Solve the problem associated with solving problems step by step related to calculations of

natural numbers; related to direct and simple dependency relations.

In the following part of research, we will analyze the didactic transposition in three
problems in natural number topics in Singaporean, German and Vietnamese textbooks, thereby

making recommendations in teaching to develop modeling competency through model method.

2.3. Analysis of the specific type of tasks based on real-life context included in
Germany, Singapore and Vietnam
2.3.1. Million and million period task

In mathematics grade 4 [8], the million and million period task have been shown as million

and million period.

We call 10 hundred thousand as 1 million, write as: 1 000 000.

We call 10 million thousand as 1 ten million, write as: 10 000 000

We call 10 ten millions as 1 hundred million, write as: 100 000 000

Million period includes: million place, ten million place, hundred million place

Thus, in the current textbooks, million and million period are presented in a purely
introductory manner to mathematical knowledge of reading and writing number in million

place. Singapore's textbook, in contrast, presents the context of millions in real life.

Table 4. Context analysis in Singaporean and German textbooks

The context is taken here: A house is
for sale for $ 2 million. From there
arise two questions:

1. What does this two-million
number mean? How to write the
number in figure form?

2. How to quantify that amount in
detail? If you know that 100 million
equals 1,000 thousand.

How much money would it cost to
buy this house if | used $ 1,000
dollars?

Millions

The selling price of the house is $2 million.
How many one-thousand-dollar notes do you need to buy the house?

1 million = 1000 thousands
2 millions = M thousands
)
°
@
—

We write $2 million as
$2,000,000.
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The context taken here is the experiential activity on
a number place (million book) with the goal of
introducing 1 thousand as a new unit from which the
student expands the place and period of numbers to
millions through this million book.

Subsequently, reading numbers,  performing
calculations or comparing numbers are presenting
throughout million book.

The million book has 1 000 arrays.
Each array contains 1 thousand book.

Each row contains 10 thousand baoks.

Each page contains 100 thousand books.

Each number from 1 to 1 000 000 has its own place in thie million book

In the million book, show 58 complete
thousands and 654 ones in the next partially
used thousand.

This number is called 58 654 and is spoken
58 thousand 654"
Hint: leave a space after the thousands.

YE Show and explain.
a) 1001, 1250, 1999, 2000, 2581

b) 25699, 25 700, 25 846, 38 999, 39000
<) 48999, 50 000, 50 001, 50010, 50110
d) 61333, 61555, 70 734, 70934, 71000
e) 84 005, 84 050, 84 500, 99 999, 100 000

Amarathonis 42 km and 195 m long,
How many metres does that make? (1 km = 1 000 m)
Thi

2.3.2. Table and graph task

In Vietnamese textbooks, the task of graphs and bar charts to represent data is shown in a
discrete way, without creating a connection with each other, the process of transforming from
real situations into models is ignored and only the mathematical model is presented. Real situations
do not have a relationship with the learners themselves.

' (g: BIEU DO (tiép theo)
M BIEU Do Dudi day 12 biéu d6 noi vé s5 chudt ma bén thon da diét duoe
(Con) SO CHUOT BON THON BA DIET BUOC
: A U b j P ——— e
Day laimot bieu do ni vé cac con'cda nam gia dinh, v 275
CAC CON CUA NAM GIA BINH Bigu 06 nay o hai ot : .
s . + » 2000
Giadinh — Cotbén trai ghi tén céc g:g dinh. _
¢ Mai ~ Cot:bén phai cho: biét so-con, 1500 ; T
50 con trai, s6 con gdi olia mdi e ‘ ‘
Gia dinh gla dinh. - |
co Lan i o i |
Nhin vao biéu dd ta biét : A |
gaH‘ggg = Ném ga dinh duoc néu tén trén e e R IR e
biéu do fa : gia dinh co: Mai, 6ig
Gia dinh gia dinh ¢6 Lan; gia dinh 6 Hong;
c0 Dao gia dinh-cd Dao va gia dinh
- = ¢0.Clc.
AN SN Y A g 3 et
(il(?ghn: &4‘?")‘ fm., — (Gia dinh ¢6 Mai ¢6 2 con gai, o j'w#orggaazgc;aoc;: thon Boai 12 2200 con,
| AL gla d‘mh CO Lan 06 1 con traj,... chuot nhiéu hon. Cot thap hon biéu dién s6 chugt

Figure 3. Presentation of table and graph task in Vietnamese textbook
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In Singaporean textbooks and German textbooks, the relationship between the data sheet
and the graph is related. Real-life situations are clearly presented and closely related to learners.
In addition, the guiding question system that will help learners discover information from the
table, how to use collected data to model in form of tables or bar charts.

Tables and Graphs The data can also be presented in a bar graph:

50 - -
o Presenting Data sk
These cards show the names and weights of five children. “
35
Weight 30
inkg

25

20

Rachel  Veronica  Tosha Roy Juan

This table shows the number of storybooks read by four children
in one month.

The data can be presented in the form of a table like this: —

=

' David 8
. ;i Pablo. 16
Rachel 38kg e ;
Lauren 14
3 % LR
Veronica 39 7 ;
1 . Rosd 10
Tasha 38kg )
~ - (a) Who read the greatest number of storybooks in one month?
Roy 43"“95 (b) How many more storybooks did Lauren read than David in
; one month?
Juan 40kg
— (c) Draw a bar graph to show the data given in the table.
labies ana bar graphs Tables and bar graphs
e R PR
ow s shoe size distributed in this class? et Of all possiviy
s esults Of times table problare P
) Explain the table and the bar graph. ¥ imes table resits [Number of times toble results
[ Shoesize Number of chidren e v | 1284867890
0 1 from 1t [TTTTILITT]
2 — fomtitozo  [TTUIT
32 3 R g s T )
—% T — omplete the folowing bar grapr, fom 2o 30 [T
= 5 == 7 your exercise baok. Fillin  grig square from 313 40
— {oreach times toble result, ————
35 5 from 41 to 50
;g 12. 1e0d the results from the bar graph, from 51 to 60
o How many times table resylts are thy i
EJ 2 — fom 21t0 307 i SRR, |
. from 71to 80
i 1 b} How meny times table resyl —_—
p Number of children @ b imestigote the dstrbuton of pkiviiod sults are there ot |
shoe size in your class. i
H Create a table ond @ ¢ How many times table results are there g e e
4 ber groph as in a). altogether?
3
4 Here is 0 table with the shortest S
driving distances between Munich and
"M : other ciies in Bovaria and Germany. soy
- Shoa size B - waplo
0 031 32 33 3 35 36 3 B Distances between Distance coo01 [
Maich (i) and ... inkm e
The children in a cl 2 asked to nome their favour ian football club. [ Augsburg () # el
Gl | Nomberof chid a) Create o bar groph Berin 6 586 oo
Cub urmber of children e 3
= for this example s in [l o). Homburg {(HH) 773 200, — 2
FC Augsburg 4 Cindau (L) N o0 ]
W& o) Repeatthesuveyinyourcosslf [Ty 142
SpVigg Greuther Firlh 3 and create o table Ciireburg W 277 oo | i
and bar graph. e S 1 - LD—’
FC Ingolstadt 04 1 Motch the bors (1-6) with the city )\ THH, 2.3 & 85 8
distances,
FC Bayern Monchen 10 h
M 15v 1860 Minchen H Compere the chances of red and bive winring :\" :;e of gnee:]cux s €180
| ineach of the three wheels of fortune. aprice chart for 1 to 6 slices.
@ 1. FCNamberg 3 o b o Siees] [pries | | 1
h | Fes] 1
il el
Granny rdes her e-bike & km in 10 min, [Ouration 10 min[30min [60min] ] 538 A
Complete the table. Distonce Tk [ 2014 =
= — I
W 1-3 biscuss tables NGbOY GRS, > Warkbaok, 00ges 41,42 B e ——

Figure 4. Presentation of table and graph task in Singaporean and German textbooks
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3. Conclusions

Developing the mathematical modeling competency for students is one of the important
goals of mathematic education in Vietnam in the renovation of the upcoming curriculum.
Along with the change of the curriculum, content and teaching techniques also need improving.
The problem content will need to be improved so that students have the opportunity to practise
component competency especially that is translating a definite situation into mathematical
models and have condition to validate conclusion which is suitable for the corresponding
situations that require problematic situation and associated with the reality.
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