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VAN
B hEA AT
I . Be used as a scenario for mathematical
AN : -/ 3+ N Bi=HEd o~ Ailar CamhinatAarieg ...
IEE . HEEE SINEEREE Modular, Combinatorics, modeling (MM)

52 Abstract

Permutation and Combination

o . o o < . o 4 Lessons, Elective course
SRk RS8R RFISBIER = B 5 B ' '
45R0F, EEER RFIEBER ==, 10%, BFEZ2H ided school in Macau 10 Grade 11 Students, Voluntary

BEERATRERRE Constructing the LCT model

275, HI4AE EE ARG BlhEEH ORI ERN SEEUEEs: Pe.rmu.tatlon Algorithm design Create your own LCT

and Combination
EfHENR Actual Teaching Effect

Mathematical modeling competency Permutation and combination monthly

ﬁ%@*ﬁ%%i% :HF@J%E%E %/ﬂ'ﬁﬁ scale test




RAERBEXUESS TR

TSRS

ESCOLA SUN WAH

1. Introduction

Mathematical Modeling(MM)

Represent, analyze, & solve real-world problems Important, mathematical thinking, creativity, communication, & problem-
(Blum & Niss, 1991) solving(English & Sriraman, 2010)

3 Challenges
5R A Zhang (2020) BEp, W% Dong and Xu (2014)

(1) Textbooks : Lack Systematic and Practical MM Content & Cases

Do not reflect the connection Lack real situations, - &
between MM and - culture and explanation of the modeling
art - Process.

Do not fully reflect the process and
methods of MM

(2)Teachers: Lack deep understanding of MM

Eg.: Process of MM, teaching experience and Difficult to organize students to conduct modeling
methods activities

(3) Evaluation: Inconsistent with the modeling objectives

Only foucs on final results, lgnoring thinking process -
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1. Introduction

* The research question of this study is:

How does using LCT as a scenario for mathematical modeling; affect the
mathematical modeling competence of high school students
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{5 ISR {E RBEEEERVEEER
HNEPENREEEE N (TR ?

* The research hypothesis of this study 1s:

Using LCT as a scenario for mathematical modeling can improve the
mathematical modeling competence of high school students.

{5 F ZShEiT {E R BEE BRI B {EH -
A DAfeE S PR EIERE ]
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2. LITERATURE REVIEW
2.1 Si Stebbins stack (SSS) and Listening Card Trick (LCT): principles and
applications

Listening card
trick
(LCT)

Mathematical

Si Stebbins stack ;
modeling

(MM)

Clubs Hearts Spades Diamonds Si Stebbins stack

Ace 4 i 10 Each card in a Si Stebbins stack
King 3 6 2 alternates suit in the CHaSeD order
Queen 2 > £ (Clubs Hearts Spades Diamonds),
Jack | Ace 4 : and has a numerical value three
10 King 3 6 greater than the preceding

9 Queen | 2 5 card.(William Coffrin,1898)

8 Jack Ace 4

7 10 King 3

6 9 Queen 2

5 8 Jack Ace

4 7 10 King

3 6 9 Queen

2 5 8 Jack
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2. LITERATURE REVIEW

2.1 Si Stebbins stack (SSS) and Listening Card Trick (LCT): principles and
applications

The secret of LCT lies 1in the magician’s ability to determine what the nth card 1s when he
‘listens’ to the stack of cards indicated by the blue arrow in Figure 1. Due to the SSS order, the
magician can swiftly identify the value and suit of the next nth card using a straightforward
formula. Thus, performing this magic trick equates to solving the following problem: Given a
sequence {a,} and knowing a,_,, to find the value of a, (# } Jian, 2022).

The
0 (n— 1)th
n+ 1)t X < —-

Figure 1: Cut cards and select one
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2. LITERATURE REVIEW
2.2 Mathematical Modeling Competence and Its Assessment

HMEERNERM:

* Mathematical modeling is of great significance and role in high school
mathematics education, as it can cultivate students’ mathematical thinking,
creativity, communication, and problem-solving abilities (Blum & Niss,
1991).

HEEENRIETEN:

* Mathematical modeling competence consists of five sub-competencies:
structuring situations, mathematizing, processing models, translating,
and verifying (Blum & Kaiser, 2015).




2. LITERATURE REVIEW

2.2 Mathematical Modeling Competence and Its Assessment
ERKENBEMFERERETE:

* This study adopts two assessment tools: process-oriented assessment and
product-oriented assessment. These tools were developed by Lu et al. (2014),
who conducted a study on the assessment of students’ mathematical

modeling competence based on the analysis of 1357 student test papers and
the comparison of Chinese and American curriculum standards.

(& F%¥, 2014)
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2. LITERATURE REVIEW

2.2 Mathematical Modeling Competence and Its Assessment

Process-oriented assessment: This tool
focuses on which modeling steps students
have experienced in the modeling test,
such as i1dentifying variables, making
assumptions, verifying models, etc. The
authors formed a five-category coding
scheme to judge whether students have
experienced the key modeling steps.

Product-oriented assessment: This tool
focuses on which key abilities or
knowledge levels students have shown in
promoting modeling progress, such as
structuring situations, mathematizing,
processing models, translating, verifying,
etc. The authors formed a six-level coding
scheme to characterize the modeling ability
level that students have reached.
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2. LITERATURE REVIEW
2.3 Theoretical Framework of the Study

W Res: Hypothesis:
{58 FHRERRAT{E RER R RN TR Using LCT as a scenario for Mathematical modeling can improve the
R PENBEREEERET - Mathematical modeling competence of high school students.

The variables of this study are:
Independent variable: Using LCT as a scenario for Mathematical modeling. This variable refers to whether
the students participate in an elective course on Mathematical modeling based on LCT or not. The students
who participate in the course are exposed to LCT as a problem-solving tool and a learning context, while
the students who do not participate in the course follow their regular mathematics curriculum.

Dependent variable: The Mathematical modeling competence of high school students. This variable refers
to the comprehensive ability of the students to use knowledge, skills, attitudes, and values in the process of
Mathematical modeling. This variable 1s measured by these assessment tools: process-oriented assessment
and product-oriented assessment, which are based on the five sub-competencies and six levels of
Mathematical modeling competence proposed by Blum and Kaiser (2015) and Lu et al. (2014), and a test on
permutation and combination.



3. RESEARCH DESIGN AND METHOD
3.1 Participants

The research participants were 30 students from grade 11 in a
government-aided school in Macau. They were divided into
two groups: an experimental group and a control group.

The experimental group consisted of 15 students who
voluntary to take an elective course on Mathematical
modeling using LCT as a scenario. The course was offered as
an optional module consisting of four lessons. The course met
twice a week for two hours each time. The students in this
group had different levels of prior knowledge and skills on
Mathematical modeling, permutation and combination, and
card tricks.

The control group consisted of another 15 students who did
not take the elective course on Mathematical modeling using
LCT as a scenario. They followed their regular mathematics
curriculum, which did not include any topics or activities
related to Mathematical modeling, or card tricks. The students
in this group had similar levels of prior knowledge and skills
on these topics as the students in the experimental group.
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3.2 Instruments

The Mathematical modeling competence scale :
This scale consists of two parts: a process-oriented
assessment and a product-oriented assessment.
Each part has five items, each scored on a 5-point
Likert scale from 1 (strongly disagree) to 5
(strongly agree). The scale’s total score ranges from
10 to 50, with higher scores indicating stronger
mathematical modeling competence. This 10-50
score 1s the teacher’s evaluation after the
students’ rating.

The permutation and combination monthly test was
a standardized test that measured the students'
knowledge level on permutation and combination.
The test had 10 multiple-choice questions, each
worth 10 points. The total score ranged from O to
100, with higher scores indicating greater mastery
and application of permutation and combination
knowledge.



H 4w AR EE B R

The Mathematical modeling competence scale
was based on the two assessment tools
developed by Lu et al. (2014) , with some
modifications to suit the context of LCT. The
scale consisted of two parts: process-oriented
assessment and product-oriented assessment.

The process-oriented assessment part
contained five items, each corresponding to
one category of coding scheme that judged
whether students have experienced the key
modeling steps using LCT.

The product-oriented assessment part
contained five items, each corresponding to
one sub-competence of Mathematical
modeling using LCT.

Each item was rated on a 5-point Likert scale
from 1 (strongly disagree) to 5 (strongly agree).

Zae. ,/"\
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Process-oriented assessment

Product-oriented assessment

1. I identified variables and made
assumptions for LCT.

6. | structured the situation of LCT
iInto a mathematical problem.

2. 1 used a formula to calculate the
cards for LCT.

7. 1 mathematized the situation of
LCT using modular arithmetic and
combinatorial permutations.

3. I explained or verified the
meaning of the card number or
card face in the situation of LCT.

8. | processed the model of LCT
using mathematical methods and
tools.

4. | analyzed or evaluated the
advantages and disadvantages of
the model of LCT.

9. | can perform my own magic
using the mathematical model of
LCT.

5. | reflected on or improved the
model of LCT based on different
situations or conditions.

10. | am aware of the limitations of
LCT magic, and | know how to
flexibly apply the mathematical
model of LCT when performing
magic.




3. RESEARCH DESIGN AND METHOD

3.4 Intervention

3.4.1 TASK SEQUENCE DESIGN (TSD)

[T RE 25 [ U

Problem-based Learning (PBL) (Barrows, 1996)

HERN RHMEE
AR R BBE
Teaching mode: Ask questions
—Problem solving — Reflection

%2E Properties
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Mathematics 7 ﬁ”%ﬁq_
. Questioning
Driven by
problems,

Mathematical
Problems (5RE&
B Zhang et
al.,2004)

teaching new
courses around
them(FZEE
Cheng,2012)

PBLEB M KX
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RIEEFIIR Y

2 basic
characteristics
of PBL:

Questions
and
Exploration

(B Chen,2013)

PBLAYE B 5TD R
(FBE=E, 2012) -
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The Teaching Design Steps Of PBL
(Cheng, 2012)

FEELAIRREPEL RS SR
gEMS . ARNFNERBE

Hide the new knowledge to be learned
In mathematical problems

Starting from the students' closest
development zone, creating scenarios
and setting questions

Allows students to collaborate, explore,
proactively analyze, and solve
problems

Allowing them to personally experience
the formation process of mathematical
concepts, formulas, and so on



3. RESEARCH DESIGN AND METHOD

3.4 Intervention

3.4.1 TASK SEQUENCE DESIGN (TSD)

R REIEEAY3C3RIEEY
Problem selection: 3C3R

(Hung, 2006)
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3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.1 TASK SEQUENCE DESIGN (TSD)

Single mathematising & Complex mathematising
If only one step is used to transfer a real-life problem to a model, this model of a modelling cycle is called
single mathematising, else is called Complex mathematising.(G. Greefrath and K. Vorhdlter, 2016)

1 Understanding
mathematizing — CaImEea Constructing
g Real model » Mathematical -~ & problem $:;Zelza;:.?g|em 2 Simplifying
simplifying model / O, Structuring
3 Mathematising
Real world W;: king ( 4 Working
within mathematically
problem mathematics 5 Interpreting
validating \ 6 Validating
7 Exposing
\ 4
Interpreted D mathematical
solution <— . Mathematical rest of results results
mterpretlng SOlUtiOﬂ the

world mathematics

REALITY MATHEMATICS

Single mathematising modeling cycle (SMC) Complex mathematising modeling cycle (CMC)
(Maaf3, 2006) (Blum and Leif3, 2007)
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3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.1 TASK SEQUENCE DESIGN (TSD)

Share the same;
1. Situation

‘ 2. Modeling Method
3. ......

Task,.; —— Task,,,

Task, —— Task, —— ——  Task,

TaSk(n,l) I 1 TaSk(n,Z) / "

1% JIAN (2023)




3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.2 TSD for MM with LCT

Task,: Find out the first LCT performance formula

Problem: How to convert magic formulas into
mathematical formulas?

Magic formulas

Add 3 to the (n — 1)th card | CHaSeD to derive the pattern

Let x,, represents the number of the nth card, y,
represents the suits of the nth card, and CHaSeD
uses 1,2,3,4 to represent respectively.

Mathematical formulas: Formula 1

Xp = Xp—1 + 3(mod13) Yn = Vn-1 + 1(mod4)
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3. RESEARCH DESIGN AND METHOD

3.4 Intervention

3.4.2 TSD for MM with LCT

Task,: Find out more LCT performance formula

Problem: Can I modify Formula 1 by substituting the fixed constants

with two non constant parameters? (Formula 2)

Xp = Xp_q1 +d(mod13)

Yn = Yn-1 + d'(mod4)

N

LCT formula detector

A cyclical formula for all 52
cards

d=4,d’=2= X d=4,d’=3=>/

N

Dictionary lookup algorithm

Mathematic/al formulas

24 distinct pairs of and values that convert Formula 2 into LCT sequences.

TR
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r>(1,1)=(5.3)~>(9,1)>(13,3)>(4,1)>(8,3)>(12,1)>(3,3)>7

(10,3) (7,1)
T d=4,d’=2 :
(6,1) 1,3)

: (11,

»  This formula repeats after 26 |

(23)  cards, not covering the whole 21
" deck.This formula is unfit for '

(11.1) . (6.3)
+  LCT with a full deck. )
(7,3) (10,1)

Le(3,1)«(12,3)«(8,1)«(4,3)«(13,1)«(9,3)«(5,1)«(1,3) «-

LCT formula detector

‘ n=n+1

Use Formula 2
LCT Y
to generate
sequence?
sequences

Dictionary lookup algorithm

— N
[ Start ’/ d=Ldoinz1 / = Y
R | d=1ld=d+1 }
N

RERRBEXNESE TR

Output
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3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.2 TSD for MM with LCT

Task;: Continue to find out more LCT performance formula

Problem: Can I add more non constant parameters in LCT

performance formula? (Formula 3)

Xy = kx,,_; + d(mod13)(1) Vn = k'yp_q + d'(mod4)@)

Try to mix (1),(2) together to find more non constant parameters (Formula 4)

Xp = bxp_q + cyn_q + d(mod13) Yn =b'xpy_1 + ' yn_q1 +d'(mod4d)

LCT formula detector

Dictionary lookup algorithm

Try 133x43=140,608 times to find LCT sequences

Mathematical formulas

1320 distinct pairs of and values tha convert Formula 4 into LCT sequences.
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3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.2 TSD for MM with LCT

Task,: Try to find out perfect LCT performance formula

N\
Problem: How to fix the suit presentation pattern is strictly fixed issue?

Clubs, Hearts, Spades, Diamonds Diamonds, Spades, Hearts, Clubs

Y

Formula5: x, = bx,,_1 + cy,_1 + d(mod13) (Keep formula4 (1) unchanged)

Yn=b'x, + c'y,_1 + d'(mod4) (Simply change formula 4 (2))

N\
LCT formula detector

Dictionary lookup algorithm

Try 13°x43=140,608 times to find LCT sequences

N

Conclusion: 2084 LCT performance formula

Specifically, 764 perfect LCT performance formula
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LCT formula detector

Dictionary lookup algorithm

Try 133x43=140,608 times to find LCT sequences

\_/

Conclusion: 2084 LCT performance formula

Specifically, 764 perfect LCT performance formula




3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.2 TSD for MM with LCT

Task,: Continue to find out more LCT performance formula

Problem: Can I add more non constant parameters in LCT
performance formula?
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The number of LCT sequences

NS
Formula 7: Xp = aXp_q + by,_1 + cy, + d(mod13)

Yo =a'x,_1+b'y,_1 +d (modd)

Formula 4 5 6 7 8 Total
1320 2084 2084 15740 1052
LCT Sequences Num. The sum of above: The sum of 18112
4168 above:16792
Perfect LCT Sequences 0 764 764 764 764 1528
Num.

Formula 8: Xp = AXp_q + CYp_1 + d(mod13)

Yp = a'xy_1+b'x,+c'y,_; +d(modd)

LCT forrrﬁﬁa detector

Dictionary lookup algorithm

Try 2,390,336 times to find LCT sequences

Conclusion: 18,320 LCT performance formula

But no new perfect LCT performance formula




3. RESEARCH DESIGN AND METHOD

3.4 Intervention
3.4.2 TSD for MM with LCT

Task, 1y: Evaluating the chaos degree of LCT sequences
Problem: How to evaluate so many LCT performance formula?

Chaos degree : Ascending sequences

The original numbers of the cards range from 1 to 52,
forming a single ascending sequence.

The maximum number of ascending sequences for
completely chaotic cards is 26.

The chaos degree evaluation score(CDES)

CDES= The number of ascending sequences + 26 x100

In formula 4: CDES(12,7,1,4,1,3) =15.4

CDES(12,1,13,4,1,3) ~96.2

Task;

Task,

Tasks

Task,

Tasks Task 1)

Tasks

TSD for MM with LCT



CONCLUSION

1.

The study employs a task sequence
design to scaffold the students' math
modelling process with card tricks.

The findings show that the students
could create their own LCT sequences
and perform card magic, and that they
enhanced their social interaction and
communication in mathematics
learning, as well as their embodied
cognition, by using their hands and
eyes to explore.

The study emphasizes the value of card
tricks in math modelling education and
advocates for the application of task
sequence design in teaching.

The study also proposes further
research on how to incorporate this
card trick into relevant chapters of
teaching materials, such as congruence
equations, permutations and
combinations, and algorithm design, to
offer  stimulating  supplementary
reading for students.
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