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##F § ¢ Prof. Markku Hannula

Enjoyment, self-confidence,
and mathematics achievement:
The importance of affect, when

you can choose

McLeod model of affect

Mathematical Problm Solving
and Emotions

Problem = the solver does not know how to proceed

Already Polya (1957) addresses determination and
hope in his short dictionary of heuristics, mentioning
also the necessity to become familiar with all emotions
related to the problem solving process.

Mason, Burton, and Stacey (1982), Schoenfeld (1985),
McLeod (1988), Goldin (1988, 2000) and Cobb, Yackel
& Wood (1989) all gave a significant role for affect in
their analysis of mathematical problem solving.
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Overview

McLeod (1992) model of affect

+ Emotions

« Attitudes & Beliefs
Reasons to move forward
Metatheory of affect (Hannula, 2012)

The causal relationship between affect and
achievement

Emotions

Darwinian, Freudian and cognitive tradition
Include
physiological processes that regulate the body
subjective experience that regulates behaviour, and
expressive processes that regulate social coordination.
Emotions
are closely related to personal goals,
have an important role in human coping and adaptation,
and
include a physiological reaction that makes them different
from cognition

Emotional states and problem
solving

All problem solvers encounter positive and negative
emotions that influence their solution process (e.g.
Schoenfeld, 1985; McLeod, 1992; Goldin, 2000)

Emotions are an essential part of the problem solver’s
self-regulation (Goldin, 2000; Hannula, 2006; Carlson
& Bloom, 2005; Malmivuori, 2006).

Problem solving takes place by social beings in the
complexity of the learning environment where multiple
goals need to be addressed (Hannula, 2006, Goldin et
al. 2011).



FLOW - individual engagement

(Nakamura & Csikszentmihalyi, 2014; Liljedahl 2016)

ANXIETY
Challenge

+ 7
i~ FLOW -~
A1 -7
N

// L_/_,.’-----p

7 .-~ BOREDOM

Skill

Flow through problem solving

Children frequently jumped up and down, hugged
each other, and rushed off to tell the teacher when
they solved a particularly challenging problem.
(Cobb et al., 1989, p. 61)
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How to stay in FLOW

(Liljedahl 2016)

ANXIETY
Challenge
/ FLOW -~
FoogT
i
A
meont
.~~~ BOREDOM

Skill

Attitudes and beliefs: roots in
social psychology

Social psychology research on attitudes (Thurstone,
1931) was interested in the role that attitudes had
on behaviour in the larger population.

Important for developing the survey methodology
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Affective disposition and Moving on from McLeod
mathematical performance

Student disposition towards mathematics is related with

their actual performance in mathematics Ambiguous terminology.
Anxiety (Hembree, 1990) A virtual panel of researchers on mathematics related
Attitude (McLeod, 1992) affect could not agree on any of the their definitions
Self-efficacy beliefs (Bandura & Schunk, 1981, Lee, 2009) taken from literature (Furinghetti & Pehkonen, 2002)
Motivation ( Middleton and Spanias, 1999) Social turn in mathematics education (Lerman 2000)
Intrinsic motivation is better than extrinsic motivation Proliferation of terminology (Hannula, Pantziara, &

(Middleton & Spanias, 1999)

Di Martino, 2018)
Mastery goal orientation is advantageous (Friedel,

Cortina, Turner & Midgley 2007; Midgley, Kaplan, For additional discussion, see Hannula, 2011 or
Middleton, Maehr, Urdan, Anderman, Anderman & Roeser Hannula 2012.
1998)

Mixed results for performance goal orientation (Freeman
2004; Midgley et al. 1998.)

The structure of teacher students’

view of mathematics
(Roesken, Hannula, & Pehkonen 2011)

HELSINGIN YLIOPISTO @ HELSINGIN YLIOPISTO

HELSINGFORS UNIVERSITET HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI UNIVERSITY OF HELSINKI
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Metatheory for affect
(Hannula, 2012)

State

Trait

-....Cognition Motivation Emotion _;‘:Qggpition Motivation Emotion
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Direction of causality?

Success = expectation of future success = disposition

OR

Disposition - determination - sucess
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Direction of causality

Meta-analyses of non-longitudinal surveys (Ma & Kishor,
1997a, b; Ma, 1999)

Longitudinal studies (Minato and Kamada, 1996, Ma and Xu,
2004)

PISA data, structural equation modelling (Williams &
Williams, 2010)

Mixed results, perhaps influenced by age and culture

The relationship is most likely a reciprocal one, indicating
that changes in either can lead to changes in the other.

Things change after grade 9

The compulsory comprehensive education ends at
grade 9 (16-year olds)

Students choose between vocational and academic
educational track

In the academic track, students choose between
advanced and basic syllabus in mathematics

How does this affect the relation between affect and
achievement?
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LONGITUDINAL DEVELOPMENT OF
EMOTIONS, EFFICACY, AND
ACHIEVEMENT from Grade 3 to Grade 9
A reciprocal relation

Self-efficacy becomes more important later
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The role of affect after
comprehensive education

When mathematics becomes optional, achievement
and affect are less likely to evolve

Self-efficacy becomes an important predictor for
changes in achievement
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Conclusions

For elementary grades it is important to build
understanding

Towards the adolescence, building of self-efficacy
becomes important

Especially at the time of choices
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AFHES 3
FHF F ¢ Prof. MOK, Ida A.C

The 11th International Conference on Technology and Mathematics Education
(ICTME 11)National Taichung University of Education, Taiwan. 05/24/2019

Outlines
Developing students’ positive attitude and
mathematics competence in a digital * What is positive attitude?
environment: Lessons from university- * Mindset theories
school partnership * Learning about the brain
ida Ah Chee Mok * What is mathematics competency in a digital environment?

. . * Examples from university-school partnership projects
Associate Dean & Associate Professor

Faculty of Education
The University of Hong Kong
Email: iacmok@hku.hk

* Ways ahead

"Everything depends on attitude. We are

jpy ambitious or lazy, enthusiastic or dull, loyal ¢
undependable, according to our attitude. We
... get good grades or poor grades - according t

-
=
)
[~
[}

ik 5 poslinve atiiees | IIS\ int T=5 our attitudes. Discouragement is an attitude
» N b3 Lack of industry is an attitude. Failure to
% g 101L follow instructions is an attitude."
8- 8 affirmati
)] .
vt e s - Sterling Welling Sill
E= (1903-1994)
=%
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“Everything depends on attitude. We are ambitious or lazy, enthusiastic or dull, loyal or
undependable, according to our attitude. We get good grades or poor grades - according to our

attitudes. Discouragement is an attitude. Lack of mdus;ry is an attitude. Failure to follow instructions COﬂfU Cia n ism : Dee p Lea n i ng
is an attitude.”
«FE:TEMARANE, BmFLH

Positive Negative 5Ro I(EmEE- BB

+ Ambitious ? / with a vision * Llazy * According to Biggs (1991) and Lee

+ Enthusiastic « Dull (2006), Confucius saw learning as deep:
+ Loyal / commitment « Undependable ‘Seeing knowledge without thinking is

labour lost; thinking without seeking

* Good grades? * Poor grades X :
. N — knowledge is perilous’ [Analects II. 15].
* Follow instruction ?! * Lack of industry
* Failure to follow instructions Mok (in press). From the Confucian tradition to the digital era: The case of
mathematics teaching in Hong Kong. International Journal of Chinese Education, 8(2).
Confucianism: Making inquiry Classrooms: Goals, structures, and student

cogB e ey, Fezzar  motivation (Ames, 1992)
RS JERTRRE (7 . Mastery goal and Performance

KE) goal.
* “For those who studies without * A central element of classroom
queries, it is necessary to teach learning is the design of tasks

them to raise questions. When tho:  and learning activities.

(L o who have doubts arrive at a stage ¢« What characteristics of tasks
Zhu Xi (1130-1200), the o doubts, this is an achievement.”  foster a motivation for students
Southern Song to put in effort and become
(1127-1279) actively engaged in learning?
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Mastery goal (Ames, 1992)

* A belief that effort and outcome covary, and it is this attributional
belief pattern that maintains achievement-directed behaviour over
time.

* One's sense of efficacy is based on the belief that effort will lead to
success or a sense of mastery.

* With a mastery goal, people are oriented toward developing new
skills, trying to understand their work, improving their level
competence, or achieving a sense of mastery based on self-
referenced standards.

* --- 3 "motivation to learn" (Brophy, 1983)

What characteristics of tasks foster a motivation for
students to put in effort and become actively engaged
in learning? (Ames, 1992)

* Involve variety and diversity.

* Consistent with a mastery goal.

* Developing an understanding of the content, improving their skills,
gaining new skills.

* Personal relevance and meaningfulness of the content.
* Challenge, interest and perceived controls.
* Social organization.

Students' beliefs that they can accomplish a task with reasonable effort
and their willingness to apply the effort can be enhanced when the
tasks are defined in terms of specific and short-term goals.
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Performance goal (Ames, 1992)

* A focus on one's ability and sense of self-worth, and ability is
evidenced by doing better than others, by surpassing normative-
based standards, or by achieving success with little effort.

* With a performance goal people are oriented toward public
recognition that one has done better than others or performed in a
superior manner, to achieve a desired goal, achieving normatively
defined success.

* Self-worth is determined by a perception of his or her ability to
perform.

The importance of Intrinsic Motivation

Extrinsic Motivation

* doing the activity in order to
attain some reward, such as
grades or social recognition

Intrinsic Motivation

* a key factor in academic
achievement

* drives the direction of self-
determination;

* experience of the inherent
satisfaction of the activity itself,

* motivated behaviors pertaining
to choice, effort and persistence

in academic tasks. Sciences. 2018 Feb; 8(2): 20.

Ng, B., 2018, The Neuroscience of Grow
Mindset and Intrinsic Motivation. Brain



Communal Versus Competitive Classroom Goals

* Students are often more motivated and successful when classroom
activities involve cooperative rather than competitive or individualistic
goals.

* E.g., Students working together on a task may feel a greater sense of
responsibility to try their best because they do not want to let down their
group members.

* In contrast, students working in competitive environments may engage in
more self-handicapping, withholding effort so that they can attribute
failures to a lack of effort rather than to a lack of ability.

* Because one student’s gain is another’s loss in competitive environments,
students may withhold effort to avoid being stigmatized as a “curve-raiser”
or a “teacher’s pet.”

Culture, the matching of students’ goals and
the goals of classroom activities matters...

* “Minority students appeared to be aware of the mismatch between their
own goals and the goals often valued in the classroom. This was explored
by another study that asked African American students to rate high-
achieving peers who endorsed different goals.

* The African American students liked the students who endorsed communal
values best, but they believed that their teachers would like the students
who more often endorsed individualistic or competitive goals.

* This discontinuity between the goals minority students personally endorse
and the goals they see as valued in school could affect their sense of social
belonging in the classroom, as well as their learning and achievement.

* Unsurprisingly, students are more engaged when the goals of classroom
activities match their own values.”
Dweck, et al. 2014. p.9
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Figure 2: Both African American and White Students Prefer Communal Classroom Goals

B ndividuatisiic 1 Competitve 11 C
Competitive values Communal values {described
(described as as feeling that “itis a good
seeking “che challenge of idea for students to help each 3.86
seeing who is best”} other learn” and that “they
can learn a lot of important.
2.90 things from each other”).

Individualistic values
{described as “enjoying
solving problems all on

3 heror his own efforts"}

with values ori
~

0.91

0.41
White African American

Dweck, et al. 2014.
Source: Boykin, A. W., Albury, A, Tyler, K. M., Hurley, E. A., Bailey, C. T., & Miller, 0. A. (2005). Culture-based perceptions
of academic achievement among low-income elementary students. Cultural Diversity and Ethnic Minority Psychology, 11,
339-50.

Figure 3: For 8th Grade Students, Self-Discipline Is a Better Predictor of Academic
Performance Than IQ

93.0

W 1Q score
Self-discipline score

90.0

89.75

90.5

88.25 89.25

85.0 SELF-DISCIPLINE: In an age in which children
85.75  encounter more and more distractions—such z
Facebook, Twitter, and text messages—the abi
to turn off distractions to focus on a difficult
80.5 academic task may become increasingly
important for success in school and in life.

GPA (out of 100)

Middle
quintile

2nd lowest
quintile

Lowest
quintile

2nd highest
quintile

Highest
quintile

Source: Duckworth, A. L., & Seligman, M. E. P. [2005]. Self-discipline outdoes IQ in predicting academic performance of
adolescents. Psychological Science, 16, 939-944. Dweck, et al. 2014, p.12
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Mindset theories

How Do The Mindsets Work? The Mindset
Rules

1. In afixed mindset the cardinal rule is: Look talented at all costs. In a
growth mindset, the cardinal rule is: Learn, learn, learn!

2. In a fixed mindset, the second rule is: Don’t work too hard or

practice too much. In a growth mindset, the rule is: Work with

passion and dedication—effort is the key.

In a fixed mindset, the third rule is: When faced with setbacks, run

away or conceal your deficiencies. In a growth mindset, the rule is:

Embrace your mistakes and confront your deficiencies.

(Carol S. Dweck)
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Two mindsets that people can have about
their talents and abilities (Carol S. Dweck)

* People with a fixed mindset believe that their talents and
abilities are simply fixed.

* People with a growth mindset think of talents and abilities as
things they can develop—as potentials that come to fruition
through effort, practice, and instruction.

* Almost every truly great athlete-- has had a growth mindset.
They do not rest on their talent; they constantly stretched
themselves, analyzed their performance, and addressed
their weaknesses.

That's really high score. You
must have worked hard for
these problems.

That's really high score.
You must be smart at
these problems.

That's really high score.

Figure 1: Praising Students’ Effort Increases Their Enjoyment of Difficult Tasks and
Their Performance

Post-failure test performance

6.81

Post-failure task enjoyment

Praised for  Praised for  Non-specific

Praised for  Praised for Non-specific

intelligence effort praise intelligence effort praise

Journal of

Source: Mueller, C. M., & Dweck, C. S. [1998).
Personality and Social Psychology, 75, 33-52.

Quoted in Dweck, C. S., Walton, G. M., & Cohen, G. L. (2014). Academic Tenacity: Mindsets and Skills that Promote Long-
Term Learning. Bill & Melinda Gates Foundation. p.7.

praise can tivation and
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Students receiving praise for
effort endorse a growth
mindset. They value learning
more than looking smart.

Students receiving praise for
their ability endorse a fixed
mindset. They did not want
to try hard problems.

Growth Mindset

* A belief that intelligence is malleable and improvable.

* Students with growth mindset:
* embrace challenges and put in effort to learn;
* perceive obstacles as a necessary part of the learning process;
* tend to embrace lifelong learning and the joy of incremental
personal growth;
Focus on performance (proving one’s + Focus onlearning (improving one’s * mobilize their learning resources without being defeated by the

alilty) ahilty) threat of failure.
Performance approach goals and Mastery goals or learning goals

performance avoidance goals Perceive obstacles as a necessary part

Intelligence is fixed. the learning process (Boa|er’ ). 2013' Dweck, C.S. 2006’ 2009)

Intelligence is malleable.

.

.

.

Einire A< 5electad{ntexventors with Acalemic Outsomes Figure 5: Entering 7th Grade Students Introduced to a Growth Mindset Perform Better in Math
errects (ReLaTve 10 conTroL 6roup) Y TTVIOAY AR T R ————————————

AUTHORS RESEARCH PARTICIPANTS
( i 2.68
Blackwell, Urban, low-income, African American and Higher math grades INTERVE NTION m Study skills control group
Hpata Latino Study skills with growth mindset group
Good, Aronson, & African American and Latino middle school Higher state test scores for all in reading
Inzlicht (2003] students at a rural school and for girls in math
Aronson, Fried, & African American and whit ge Higher GPA; gi o 2.54
Good (2002) of academics. 8
)
£
Walton & Cohen, African American college students Higher GPA o
2007) s 2.52
Cohen et al. (2006; | African American and white middle school Higher grades among African American
2009) students students in the targeted class

Hulleman & White, African American, Latino, and Asian high | Higher grades in the targeted class among
Harackiewcz (2009) | school students students with low initial expectations of
success 2.37

QOyserman, Bybee, & | Alfrican American and Latino middle school Higher grades; fewer absences; fewer

Terry (2008) students disciplinary referrals Pre-intervention Post-intervention

Brigman & Webb Students in grades 5-9 who scored below 50th | Higher state test scores in reading and math

(2007) percentile on state math test Source: Eccles, J. S., Wigfield, A., & Schiefele, U. [1998). Motivation to succeed. In N. Eisenberg (Ed.}, Handbook of child
Note: All interventions were randomized controlled trials, psychology, Vol. 3: Social, ional, and. lity develop (5th ed.). New York: Wiley.
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Game-based learning and growth mindset

*One recent study on elementary students showed
that leveraging an online educational game with in-
game rewards can promote a growth mindset by
providing incentive and encouraging tenacity in low
performing students.

[O’Rourke, E.; Haimovitz, K.; Ballweber, C.; Dweck, C.;
Popovi’c, Z., 2014]

Neuroscience:
Learning about the brain
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Jo Boaler: Mathematical Mindsets
How teachers respond to her message that mistakes are
an important part of learning?

“I'll say to teachers — MRI scans show that when you make a mistake, synapse:
fire in your brain.

And math teachers will say to me, oh, but it's not just when you make a mistake
You have to have corrected the mistake for the synapses to fire.

“They're really sure about this.

“And I'll say no — that’s actually not the case. The brain studies show there are
two possible synapse firings. The first comes when you make a mistake. The
second comes if you become aware you’ve made a mistake.

The New York Times, Jo Boaler: Mathematical Mindsets (By Gary Antonick April 18, 2016 12:00 pm)

“The teachers will then ask — How does the brain grow
if you don’t even know you've made a mistake?

Fixed Mindset Growth Mindset

“The best evidence we have
on this is that your brain
grows even if you're not
aware you've made a
mistake because it's the time
when your brain is struggling
and challenged. That is the
time when brains are
sparking and firing. 150-5otlitis

{lo Boaler, 2016) Gy Topy

Figure: Brain activity in individuals with a fixed and a
growth mindset. Source: Moser etal., 2011
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Ng, B., (2018) reviews the theoretical frameworks of growth
mindset and intrinsic motivation, and how they are linked to
neuroscientific evidence.

* But this is a much more powerful message: that we can learn only from Table1 Neamackentinic evidence'of growtminidase S d triTRicioNivation,
making mistakes. We need kids making mistakes. If kids are not making
mistakes — if they’re not struggling — we're limiting their brain growth.

“Good teachers have said this for a long time —
mistakes help us. We can learn from mistakes.

Growth Mindset (Behavior) Intrinsic Motivation (Behavior)

Enhanced Pe amplitude (awareness and

* “But you can’t just just suddenly make the work more challenging for kids. attention) [30,34] Enhanced SPN (engagement and enjoyment) [39]
You have to start by changing the norms in the classroom, so that they DLPEC (error-monitoring and behavioral Medial and lateral frontal cortex (cognitive
know mistakes are good. You have to start by creating a growth mindset. adaptation) [32] ) control) [33] )

. i y Dorsal ACC (error-monitoring and behavioral ACC (error-monitoring and behavioral

* “And you can’t just change the mistake messages. You have to give them adaptation) [32] adaptation) [37]
different math. If you're giving kids math lessons which are a series of L AIC (awareness, engagement) [35,42]
short, closed questions with right and wrong answers, they won’t develop Dorsal and ventral striatum (intrinsic value of Ventral striatum (intrinsic value of an action,

a growth mindset because they won’t see growth in math. They won't see anican) {22} reward processing) [40-42]

any room for growth and learning in those questions.

Ng, B., 2018, The Neuroscience of Growth Mindset and Intrinsic Motivation. Brain Sciences.
2018 Feb; 8(2): 20. p.10

What is mathematics competence in a

digital environment? Hong Kong Curriculum

* For the role of mathematics, it includes the four aspects:
(a) a powerful means of communication;
(b) a tool for studying other disciplines;
(c) an intellectual endeavor and a mode of thinking; and
(d) a discipline, through which students can develop their ability to appreciate
the beauty of nature, think logically and make sound judgments.
* For attitude, students should be enabled:
* to build up confidence and
* positive attitudes towards mathematics learning,
* to value mathematics and
* to appreciate the beauty of mathematics.

Available 15/5/2017, http://www.edb.gov.hk/en/curriculum-development/kla/ma/index.htm!
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For the direction of information technology...

*|t states: “The appropriate use of information
technology (IT) in mathematics learning should
be emphasized. ... Students need to master IT to
adapt to the dynamically changing environment.

Examples from university-school
partnership projects
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The IT Landscape in Hong Kong:
We have started for some time...

»Information Technology in Education (ITEd)

v'First strategy, November 1998

v'Second strategy, July 2004

v'Third strategy, December 2008

v'Fourth strategy, February 2015

v http://www.edb.gov.hk/tc/edu-system/primary-secondary/applicable-to-
primary-secondary/it-in-edu/WiFi900/pdp.html

To make a rich mathematics activity, the tasks should be accessible to
everyone at the start, so that students with different mathematics
capacity have a chance to kick off with the others. At the same time,
the design of the tasks need to make room for further challenges and
extendible; allowing the students to engage themselves in all kinds of
mathematical process, such as, hypothesis making and testing, proving
or explaining, reflecting and interpreting; promoting discussion and
communication; hence providing an enjoyable platform for sharing and
collaboration.

Mok, I.A.C. & Fan L. (2018).

Example 1

The Rich Task Project
(Funded by Quality Education Fund)



The definition for human factors/ergonomics (HFE)
adapted by International Ergonomics Association

* “Ergonomics (for human factors) is the scientific discipline concerned
with the understanding of the interactions among humans and other
elements of a system, and the profession that applies theoretical
principles, data and methods to design in order to optimize well-
being and overall performance.” (J. Dul, R. Bruder, P.Buckle,
P.Carayon, P. Falzon, W. S. Marras, J.R. Wilson, & B. van der Doelen.
2012)

Mok, I.A.C. & Fan L . (2018). Curriculum Ergonomics: A rich task experience from an Asian

perspective. International Journal of Ergonomics (IJEG), Volume-8 Issue-1. December, 2018.

Matching Trigonometric Ratios

UT-T-S interactions in two artifacts . e
) cos0=53
y

Research Element: Analysis of the T-S artifact

20

University
Team
(Experts of

&Y, Teachers

~  “|(participants
with decision-
making role)

Students
(End-users)

UT-T artifact
(Design)

T-§ artifact
(Enactment)

+ Students’ work and ideas
* Students’
+ Teachers'interpretations

+ Cognitive demand of the task
+ Design of the materials
+ Activity-sequence in the lesson

UT-T-S interactions in two artifacts
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Analysis of the T-S artifact
University ‘v’ Teachers __o | Students
Team UTT (Participants (End-users)
(Experts °f artifact wiﬂ'\ ) T-S artifact
ergonomics) (Design) decision- (Enactment)
making role)

Mok, I.A.C. & Fan L. (2018). Curriculum Ergonomics: A rich task
experience from an Asian perspective. International Journal of
Ergonomics (IJEG), Volume-8 Issue-1. December, 2018.

DESMOS PLATFORM

Lovit

—
N
a7

a4
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“Curriculum analysis of the
implementation of the Rich Task Proje
is articulated in terms of the notions o
human factors/ergonomics (HFE),
participatory ergonomics (PE), and is
about the interaction in two layers of
artifacts between the mix of
participants (the university research
team, teachers and students) and the
elements in the system. At the same
time, the participant teachers were th
main decision makers for the adaptati
of the tasks and the enactment in the
lessons, aiming to bring about better
learning for the students in their
classes.”

i
1 Level 1: Trigonometric ratio card sorting (Your answer will be automatically
saved, leave the page after finishing)

nr e aam am

I..ll i.ll I‘.ll “\l

VShow Answe Koy

S EEETR

. lave tha paga aher finishing)

A

~|
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Example 2

* An Education Department Commissioned project

* Aim: Enhancing small-class learning environment via
fostering learning communities

* 11 schools supported by 3 university researchers
* Workshops at the university
* On-site school support for collaborative lesson planning
* School-based research lessons
* Learning circle: public lesson sharing with project schools
* Dissemination of good practice

A primary three lesson
(25 students, 15 boys, 10 girls; Age 9-10)

« Student background:
* A. Astudent has a middle and lower
intelligence and language barrier.
* B. Four students scored less.

* C. Three students have special learning
difficulties.

* D. A student has below average IQ, lack of
attention and language barriers.

* *E. One is a cross-border student

Which picture is a metaphor for your classroom?!
How to make it happen?

* About one-half of the students often do
not submit their homework.

* Family background: Most of the parents
do not follow up the children’s
homework or school work.
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Preparation Meeting, Initial ideas Learning objectives for the lesson
+ After the end of each topic in the past, students quickly forget what they have 1 Knowledge' Consolidate "12-hour ﬁme_reporﬁng
learned. How can we effectively consolidate the learning outcomes of students? ’ i i ) 7
) - system" and "24-hour reporting; the understanding of the
. When preparing for the class, University Researcher suggested that we s
should pay more attention to the childt:en's gamhes, such as, vidso gamehs. Really! time system.
Today's video games are so attractive because they can "upgrade”, so that you Hilee 2 §
besie = Rpek Iariye e onniiise B i, 2. Skills: Know how to self-assess learning outcomes.
*  How to consolidate the learning outcomes of students? 3. Attitude: Develop the spirit of self-directed learning.
* Personally think that designing interesting classroom activities and paying . H ! H
attention to students' learning diversity/differences may effectively consolidate ,l,) evelopme_ent. Emp.haSIZe Stuc,l.ents .ynderStan.d ng of the
students' learning outcomes. 12-h0l:llr tlmeket_eplng system" and 24—hour timekeeping
. | tried to design a series of Level ONE to Level THREE games to help students system" by working papers from three different levels.

consolidate their learning outcomes from the games in a step-by-step manner.

—BR—E - F& " TR R
REER - el

CRBERR / EH / FIRHBIARESER - (3 D
ORMEHAERIZINR - (21 i)
ORBEN Z2RBA IR « (4 fiD)

Preview Worksheet - Self Assessment

24 )RR ) (SBRE 58
% 8) * | can do it myself. (22)
Mitiation: * | need parent/teacher/classmate
+ Value education: One inch of time, one inch of gold, it is assistance to complete. (3)
difficult to buy time with gold. [

* | can hand in homework on time. (2
* | need 1 to 2 days to hand in my
homework. (4)

*+ Review the "12 hours" and "24 hours” systems, and let
the students observe the chart and find out the
difference between the two.

* Focus on reviewing and giving feedback to students in
the preview worksheets.
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Student work in Activity 1 (differentiated worksheets)

-

Activity 1: Fill in the number game (LEVEL ONE)

>

* Grouping {group of four, * * Remind students “3-NOTs”
homogeneous grouping) * Do not mess, do not compare,

« Convert the "12-hour time ~ donotgive up easily
reporting” to the "24-hour -
time-reporting”. :Z:

* 7:10 a.m.- 07:10
*10:1 :::—) 22:01 Z:ﬁﬁ %Lﬁ&
« 12 midnight > 24:00 (on the AELLE
day) or 00:00 (on a new day)
A G E

Activity 2: Matching
Game (LEVEL TWO)

Match the "12-hour" time
and the "24-hour" time t

Activity 3: Swap game
(LEVEL THREE)

The "12-hour" time and
the "24-hour" time are

the same time. cross-exchanged to the
Key points: same time.
12 noon > 12:00 Key points:
12 o'clock midnight 12 noon = 12:00
->00:00 (calculated on a
new day) 16:00 - 4:00 p.m.
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Activity 4: Challenge To sum up:
individual activities
* Use Kahoot to test + Using the method of
each student's listing, the students told
feammin the difference between the
2 "12 hours" and "24 hours”
* Focus on learning reporting system.
outcomes + Share what they learn in
the group today.
Homework:
Extended worksheet
Student sharing of their feelings after one week Student test after one month
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Mok (in press). From the Confucian tradition to the digital era: The case of
mathematics teaching in Hong Kong. International Journal of Chinese Education, 8(2).

Teacher reflections

* Infiltrating into classroom teaching by means of games not only can consolidate
students' understanding of the 12-hour and 24-hour reporting system, but also
enhance the positive and willing spirit of students, and enhance students'
interest in independent learning.

S Example 3: A special lesson in a

1. Grouping can be changed to a group of two, giving students more opportunities d h |
to participate, and teachers can better understand the students. SECO n a ry SC OO

2. There are too many problems with Level ONE, which can be cut by half, so that * The data is from another project: “Fundamental challenges in using digital
the teacher can take more time to discuss the last part of the student's Kahoot technologies in secondary mathematics classrooms: a comparison between

different paradigms, over time, and between places’

problem. Kahoot's questions are quite thoughtful. Teachers must set aside
* Funded by Research Grant Council Hong Kong

more time to explain to students and remind students to be careful.

Ut Producing bining th
f Research Methods “teacher video" and *student video" with Adobe Premiere P
C

i The Lesson
Video files transmit to Notel
* 8" Grade lesson o JUFSRGER
* 1hourand 30 minutes. o UNEE3047$ o
* The class size was 33 students. DR A BUB33A
* Topic: trigonometry. CEE SRE
- =R

* The lesson consisted of two parts:

* SR RTER 7 4HRK :
(2) an activity for estimating the (1) ZAFHEE
height of a bell from the school o (2) (RERNRS LSRN S

playground. FERYEE -

(1) a trigonometry routine problem

video
S—
wsing VO

\

. ‘ 1 Aonsite synchronized composited video is created
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FLE > (4920778% ) Part 1

=4

10m km

Teacher then asked students to solve equation (1) and (2),
h=1.11k ==mmmmmmmmmmmemmeeee (1)

h=0.7 (10 +k) =-memememeeene(2)

—

Tt = bk
hektandee
Ry —

Tan35+=h /(10 +K)
B (10 + k) tan3se
P LT Ry e —"

Sub (1) into (2),
111k =7+ 0.7k
(111-07)k=7
k=7/041
k=17.07
h=111k
h=189 (3s.f)

Finding the straighf
line and measuring
the distance

Post-
fieldwork
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B4y Part 2

(Page 1) Estimate the height of the bell

(Page 2) Actual Measurements
Use this page to record all the measurements.

(Page 3) Evaluations.
How precise is your answer? Are there some ways to improve your answer?
What are the roles for each group members?

B ERRR A3

The post-lesson interviews of two students

* S1 saw his performance non-
steady in mathematics; his score
might range from 50% to over
70% depending on how he liked
the topics and how hard he did
the exercises. He had a very
positive towards mathematics
and mathematics lessons. He
liked mathematics because he
found it challenging and
interesting, liking solving
mystery, not learning by rote.

SIRFIMMRRAERS AR
7E; 1S4 AT AEES0%0E
70%0A L » REEEURR =K
MERE  DRAHT S DRE -

A EERMEERRIFER -

- S RER  AAHERER
AHEMEERE  BHRARR
#E - MARFARLEE



+ S2 saw his performance as weak;
* his score in the last test was a pass.

* He did not like mathematics because
he was not successful in the subject.

* His feeling towards mathematics
lessons was only average for he did not
quite like mathematics.

* Nonetheless, both S1 and S2 liked the
special lesson because it was more
lively, comparing with other
mathematics lessons which could be
sometimes boring when they had to sit
there all the time and students were
not keen to answer questions.

The demo example

* Slsaid that the problem was different from
those in other lessons, for it had two
triangles and one of them was not a right-
angled. Also, he said that the problem was
difficult and the teacher asked a questions
that nobody seemed to know the answer,
that seldom happened. As a result, the class
was silence and he thought this was
important. Referring to a slightly later
moment but still within the episode of
explaining the example, he said that he was
thinking and about to answer the teacher’s
question but he was surprised that he knew
his answer for he had not know earlier.

* SUEFIMARBRY; tiEmRE—X
Ml R A -

* MAREEEE - NRMEEER B R
FR) °

* I BERI R RA 9K
R R R AR R «

o (B - STRIS2EECE BRI
- WREBEE S HE
ARAELL - HIEAE  EITAEA
ASTETIE - ERAE T AR e
& ,

SIS HALEEARRE » AT
ARN=AE  Eh—/ R REA -
BESh » st AR AR ERIE » il T —
ANAIRE » A ATPRIEEE » R
RE o G5 BE I AR
Y - FRFIRRGE— BRI - {8
PRI RRRE /MBI FRIBE T2 A
WAEAE - R IR - {Efh
{RARF A R A AR
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What did they see as important?

* The teacher demonstration
example (learning a new method
and linked to the activity).

* The discussion before going for
the playground.

* The actual measurement, the
difficulty and disagreement they
had.

* Completing the calculation in
the classroom.

The demo example

S2 said that the teacher taught a
method so that they did not need to
go under the bell to measure the
height, and he thought the teaching
of how to set up the equations were
important.

< BEE TR (EE— T
INENELEBERARE) -

« RIS AT -

* PRI - REERIST
A —E o

fERE ESERGET -

* 2 BT L% R
AR EAE TENRSS
R ABR MR ELERR
EEM-



RIS 2 HifE o

The discussion before going for the playground

* they discussed in group to plan it I 7E4H P SR (Rl S
how to carry out the activity, & »

* came to a realization of the link
between the example and the
activity,

« FH TRBIRES 2 FHIBE -
 REERHETE -

* deciding what tools to use.

TEERRS B IR TAF

the actual fieldwork in the school playground

* 52 paid atteption to the different  « S233 E B ARIZS o
procedures in making the o AR P AR

measurement.

* He mentioned when they il o
marked two points on the EHREAER 8
ground.

Tftbfﬁﬂﬁﬁﬁﬁ*%:f:ﬁ‘]mﬁ‘ °
* when they measured the angle,

when they measured the height

of their eye-level.
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EERBREHIBIRTIE

The actual fieldwork in the school playground

* S1, The difficulty for finding two
points in a straight line so that they
could make measurement.

* S1, The group had different
opinions and discussed over the
chalk drawing on the ground.

* 51, They had forgotten to bring the
notes in the first part of the lesson,
hence, they had difficulty with the
calculation with their own methods
without a reference to the demo.

S1, AER LREIMEREHMEE -
PAEfFIRT AR TR -
SL/NERRRMER » LR
R T HER -

81, ST HRHE R E
iC » At B C M A EST
AHERER  RAL2EERL -

FI|# = Back to the classroom

* they finished the measurement
and returned to the classroom to
complete the calculation.

* S1 pointed out that their answer
was not very good for the
measured value and the teacher
gave them another number so that
they could get a better answer,

* They were very happy while getting
the answer, so he raised his hands
to ask the teacher to check
whether they were correct.

* 5k TR - WREEE
EREMGETR

* SUEH - PR SRR
AR - Ehlis T 15
—{E% > DER IR
EHER

* RIS IR
FTEAf AR TR AR A IE
e -



* They were also asked to compare the traditional

it /& B TR g 2

lessons, the lessons using geogebra and this
special lesson (mobile phone).

How do they like technology?

* S1 saw that technology was something good
to use in lessons because it was something
new.

However, he did not want technology to be
used in every lesson. He thought that it was
better to let the teacher teach for face-to-face
opportunities. Hence, technology was not a
bad thing, but it was not always good.

He thought that it was not good to use mobile
tablets or phones for every lesson. Using
them every lesson would not be so much fun
for he thought that students needed
interaction and talking to each other.

LA ?

* SIRERERE LREM  BA
BRHMMRE -

* B A AFLE—RBERAK
fir - R ARFREAEREHE
OB o Eilt - KRR —HEE
B FERLFH -

* R AESERDERBEHTRE
P FHEAL - §—REEAE
MREREGE - RAtBARE
TRE B, -

What did the teacher say?

* He believed that mathematics was
beyond numbers and authentic in the
real world.

* The application of mathematics in the
activity in the lesson created an
experience of making authentic
measurement, such as, the elevation
angles, walking on the ground to find
the distances and appropriate
position to make the measurements,

* and these experiences enrich their
mathematics sense,

* an authentic mathematics sense that
go beyond numbers.

* MBS R R A
I

« AEREER A T 8
KRRV » PHOMF - {5t
i LT EDU S RE A B
TN

R T (B

F HESMSREETHT -
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How do they like technology?

* 52 saw technology (Geogebra, apps)
as good, not boring.

* Different from drawing on blackboard,
he thought that technology was more
convenient, made the subject easier
to understand for it showing more
information, and he needed to
understand before he could use it.

* He described himself that he would be
day-dreaming while sitting still, thus
moving about helped him become
attentive.

* He thought that the school should use
more technology.

RN EEEEEER ?

+ S2EF T (Geogebra, apps) —H

% MARITR o

 RRRENABARR - iR AR
EMGE - EREEEAHER
BRESNER  hRETHAE
fERE -

* A - thE AR LARHRRL

B B—THBIMEFER -
* B RPREAAE RS RITHT -

How the teacher saw the lesson

* In the playground, “many interesting
instances” (helped how to measure
the angle of elevation, helped two
weak students who needed more
support, The students were very
engaged in the task, willing to try and
ask questions.)

* Back in the classroom, he helped the
students check whether the measured
value not appropriate. He got the idea
for using Geogebra for the next
lesson.

EESG L HEHEENE
BI" (CEBhAfer (s - BB
THEREES TREEE
BAMIEERALE  BEYE
e « )

* EEEE > MEBEA AN
HEZGEH - A TER
GeogebraiEfT F—aRiAL. -



108 AP HIAR R &

Ways ahead
- \ -
i‘ 2 4 | C I ! I
In the 21%t century it is important for a technology- mm - p ;
supportive learning environment designed for
nurturing the young generation to be:

* With a positive attitude and a growth mindset, Ida Ah Chee Mok

. Learning with intrinsic motivation, Associate Dean & Associate Professor
. : - 5 o Faculty of Education

*Having a collaborative spirit and self-discipline, The Universityof Hong Kong

* Wise and selective use of technology. Email: iacmok@hku.hk

586



108 AP HIAR R &
Eadl Eo
A § : Prof.Masami Isoda

hded Contents:
0) What 1s Teaching Materials for Curriculum?
1) What is ongoing in Industrial Revolution IV?
In the case of Japan
2) What 1s necessary as for Curriculum Frame Work?
In the case of SEA-BES CCRLS (ASEAN Standards for Math and Science) and Japan
3) Some Exemplar for considering the objective

B IRERO = AR CEBRI£E) Three pillars of competency (MEXT, 2017)

FEFE + E A%
Attitude + Self-control

i {172 21417 What is the teaching materials?

(Origin: German D

2 Teaching Material = 25 Content + E A Objective in the curriculum = ‘ COESIHS HREEDD.

framework and sequence (Isoda, 2014) " SNEVWAEREZD
~ e

Exemplar: Preferring most basic and essential example from various existed aims e REIE R AE, :
and materials, and explore and learn it deeply, instead of learning various content How can we (]:Enhgnclmg
urriculum

9
e ) " AR Management
French Didactics in Math Education(Chevallard, 2015); Anthropological Theory: ;

Didactics, Questioning the World, Study and'Research Paths JE——— R e ————
fAnTESH TERESESH

BE HFAFR Thinking, decision
HFEAIHZEEKnowledge and Skills making and expressing
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Usefulness and Efficient
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A SRAZAEAE ASEAN Standards

hp/cc

mpting its of or
asonably and critically
and appreciating others
Autonomously Creatively and in
harmony

See and think mathematically
Pose question and develop

nd Harmon
I} explanation such as why and when

to
ith respecting

Educat

SEAMEOQ Basic

Standards (SEA-BI
Common Core Regio
Leaming Stondards (CCR
in Mathematics and Scien

inovatively in

Developing 8 f major aims of

education. In mathematics education research, there are a number
of researches which describe what it is and how we can observe in
experimental research. However, teachers have difficulties developing
itin the classrooms.

This book is the result of lesson

studies over the past 50 years. It

persp of | thinking: A |

Attitude (Minds set), Mathematical Methods in General and

Mathematical Ideas with Content and explains how to develop them
the cls with illuminatis pl

MATHEMATI(
THINKING

Generalization and Specialization Problem Solving
Extension and Integration Exploration and Inquiry
Inductive, Analogical and Deductive reasoning Mathematical Modeling
Abstracting, Concretizing and Embodiment
Objectifying by
Relational and Functional thinking
Thinking forward and backward

Set, Unit, Compare,
Operate, Algorithm,
Fundamental principle, and
Varied representation such
as table, diagram,
expressions, graph and
translations.

and symbolizing Cq
and Proceduralization
Representation and Sharinj

+ Numbers & Operations  Extensionof Number and + Number & Algebra

res & Space Solids * Statistics & Probability

+ Pattern& Data * Plane Figur

& Graphs

Conjecturing, Justifyingand Proving

; g::g:i:y:mlcf:ss:':menl Operations * Space & Geometry
lids « Measurement & Relations + Relationship & Functions

Simpler and Easier Generalize and extend Judiciously using tools such as ICT [ B
Beautifulness Appreciate others' idea and change  Empowerly in imagining the future through F{B Appreciation
representation to conceptualize lifelong learning
-~ - {  Matt | Thinking and P } N
Mathematical Ideas for:  Mathematical Thinking: 'Mathematical Activities for:

8

ABHBRED - BENRE

Values, des and Habits for Human Character

. al Attitu mpting abits of mi izen t?ﬁﬁét;ﬁ
Se.e%%ﬁﬁgﬁ%memaﬁcal

Mathematical Values:
Generality and Expandability
Reasonableness

lor
Reasonably and critically with respectin

ly and appreciating others

and Harmony
Usefulness and Efficient
Simpler and Easier

Beautifulness (B (E(E

Pose question and develop

explanation such as why and when

Generalize and extend

Appreciate others' idea and change
ion to ize

Autonomously Creatively and innovative
harmony

Judiciously using tools such as ICT
Empowerly in imagining the future throu
lifelong learning

tical 3
dabilit:

Vali
Generality and Expan
Reasonableness

t R
See and think mathematically

abits of m en to |
easonably and critically with respecting

and appreciating others

Creatively and i

Pose question and develop
explanation such as why and when
Generalize and extend

Appreciate others' idea and change
representation to conceptualize

and Harmony
Usefulness and Efficient
Simpler and Easier
Beautifulness

harmony
Judiciously using tools such as ICT
Empowerly in imagining the future throu
lifelong learning

1

Mathematical Thinking and Pr

e F—

BB RHRHBE Mathematical Thinki g and Pr } (—(
Mathematical Ideas for:  Mathematical Thinking: =P Math for2I2E | ("Mathematical Ideas for:
Set, Unit, Compare, Generalization and Special?zza%o‘ﬁft Problem Solving Set, Unit, Compare, ’
Operate, Algorithm, Extension and Integration Exploration and Inquiry Zgi‘ Operate, Algorithm,

M ical Modeli N g s

Mathematical Thinking:
Generalization and Specialization
Extension and Integration

Fundamental principle, and
Varied repi ion such
as table, diagram,
expressions, graph and

translations. pEEs

+ Numbers & Operations

* Quantity & Measurement

« Shapes, Figures and
Solids

« Pattern & Data

Representations

{ o/
€
and Proceduralization

Representation and Sharing

Content
* Number & Algebra
* Space & Geometry

* Relationship & Functions
- Statistics & Probability

Inductive, Analogical and Deductive
[ izing and E i
Objectifying by ing and
Relational and Functional thinking
Thinking forward and backward

ing, Justifying and Proving

E

« Extensionof Number and
Operations

* Measurement & Relations

« Plane Figures & Space Solids

+ Data Handling & Graphs

B

~

principle, and

J
Mathematical Activities for:
Problem Solving

Exploration and Inquiry
Mathematical Modeling
oo .

Inductive, Analogical and Deductive reasoning
ASs 5 x

F
Varied repi such ing and E

ng, fying and Proving
tion

Ci

as table, diagram,
expressions, graph and
translations.

Objectifying by and
Relational and Functional thinking
Thinking forward and backward

* Numbers & Operations

* Quantity & Measurement

+ Shapes, Figures and
Solids

- Pattern & Data

Representations

« Extensionof Number and
Operations

* Measurement & Relations

* Plane Figures & Space Solids

+ Data Handling & Graphs

and Proceduralization
Representation and Sharing

ontent

+ Number & Algebra

* Space & Geometry

* Relationship & Functions
* Statistics & Probability

/

588



108 £E AR R He s

Image of Learning Process of Mathematics

Finding Mathematical Problem, Process of solution

Mathematical ;
R < Real World >
Ketigiio i al Worl Dbl oIn <‘ ll\‘lat;hemaf.lc% World
Mathematization Mathemat mathematical FUBNER BT AR BB Teaching sequence looks continuous
(MEXT, 2017) Eventin Daily —
or Social Life Focused Problem mathematics
BR » FREHATBE However, it is the process of reorganization
Result
Utilization*Meaning Integration- Development Maters Inconsistency and
Grasping event of daily life or | Systematization . || contra }iL‘ on, Jnrtfcc.\:fi.l/y 01} 11}»}1;;11}1?1;\11011
social mathematically, Thinking mathematical event F—8H0FIE  BAOLEYE
finding mathematical probl integrally and developmentally,
and resolving problem and it can resolve problem.
proactively and collaboratively.

SR

Uiy kb

Do you know how to read textbooks ?
—>Pure Math textbook do not teach
how to think !
V| | Thinkbackward!? | | |
Re-organizing its from various perspectives
such as from the end to beginning.

ME. a=7b=8c=9 THSAABC
EROTEL.

BB SABCIBWT, 3UNRER a=1, b=, =9 THIE

8 mmsernl,
oo
F+9-7 9% 2
' T T T
sinA>0 THE39H
y TiV_ /s DR DLy DERE DRMAR » "
sinA=J1-\5) =/& EIBOGL
‘/—(3) '/9 . B AEOFR - REODHUPTE Pifpunes
-5 Analysis % P |
TR P For G. Construction sd ca !
§= L he A......,.a/
TRV For Algebra

=12/

P

o
OF Q¢ Okt
B3£RO%H - REODHPTE

For Calculus
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Procedurization of Conceptand
Conceptualization of Procedure

on the Extending Curriculum Sequence
(Isoda,1991,1996,1998,2005,20082,2008b,2013)

Procedurization of Conceptand
Conceptualization of Procedure

on the Extending Curriculum Sequence
(Isoda,1991,1996,1998,2005,20082,2008b,2013)

| |
Procedure of C

| | [ | |
O e O asagarc Ly
X ~ L 5
WG‘“&A | ) Y L g A Pyt A, f(‘xyga)ﬁf(}%f(yxﬂﬁ_
W Division of Fractio - W fax)=af(x), o #

| Ex'ercise 3

AN TN

Exercise 2

Meaning of C Procedure of C

) (20+1)+(2m+1)=2(n+m)+2
Multiple of 2 on Integer =)(n+m+1)
Even +1 4
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Application of AHP on Establishing the Indicators of Effective
Mathematics Instruction for Primary Schools

Yuan-Horng Lin' Ta-Wei Hsu?
! Department of Mathematics Education, National Taichung University of Education

% Department of Mathematics Education, National Taichung University of Education

Abstract

The purpose of this study is to establish the indicators and weights for effective mathematics
instruction of primary schools. Analytical Hierarchy Process (AHP) is adopted to establish the
indicators and weights. Nowadays, effective mathematics instruction is an important issue and its
evaluation tool is needed. Firstly, this study reviews and evaluates the literature related to
effective mathematics instruction. It is concluded there is eight dimensions with its indicators with
respective to effective mathematics instruction. Secondly, statistics test is used to filter the
important indicators so that the AHP questionnaire is used to collect the viewpoints of expert
teachers. Therefore, this study has established the indicators and weights for effective
mathematics instruction. Results of this study could be references for the training of pre-service
teachers and in-service teachers in professional development. Based on the findings, some

suggestions and recommendations for future studies and practical instructions are discussed.

Key words : analytical hierarchy process, effective instruction, mathematics instruction
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The Professional Growth of the elementary school teachers in Financial

Literacy.

Yung-Lin Tang1 Yuan-Shun Lee?
'Graduate Institute of Mathematics Education, University of Taipei
’Department of Mathematics, University of Taipei

Abstract

The financial literacy of the nationals is highly connected with financial competence. Because
teachers are important stakeholders in the growth of students' knowledge, the competence of a
teacher can have a great influence on the financial knowledge of students in the process of
teaching. Therefore, the financial literacy of teachers is very Important and worth knowing and
exploring. The purpose of this study is to explore the professional growth of the elementary school
teachers in financial literacy. The research method adopts the case study method, and the
research object is one person. During the process of each meeting,the reseacher collected the
recording files, network related information, calculation process notes, etc. And finally organized
and discussed. The researcher actively provide information and issues for the case teacher to
promote the growth of this. The researcher also use PISA in the financial literacy to analyze the
growth of the case teacher. This study initially found that the growth of financial literacy of the
case teacher is (1) To gain extensive and detailed financial information and learn to identify
through online search. (2) Finding more hidden problems in the context of financial management,
and calculate and analyze information. (3) Using knowledge and logic to infer, and evaluating
mathematical problems in the financial situation. (4) Considering more conditions and using the
understanding of financial management knowledge to perform calculations and solve
mathematical problems. Finally, it is suggested that teachers can intergate the topics relevants to
financial literacy into the classroom curriculum and teaching .

Key word : Financial literacy, Teacher's professional growth.
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Research on the Noticing of Mathematics Curriculum Materials by the

Teachers of the Elementary School’s Professional Learning Community

Chia-Huang Chen ! Yuan-Horng Lin 2 Tzu-TaYiu?
! Department of Mathematics Education, National Taichung University of Education
2 Department of Mathematics Education, National Taichung University of Education
3 Department of Education, National Taichung University of Education

Abstract

The purpose of this study is to explore the engage, interpretation and response of the
elementary school teachers in the operation of the PLC. The results of the study are as follows : In
the engage stage, the teacher will 1. Compare the mathematics materials with the ability
indicators to position the teaching activities; 2. Link the teaching materials with the students'
cognition and promote the continuity of the materials. In the interpretation stage, the teacher
produces 1. Interprets the terminology in the mathematics curriculum material, and analyzes the
problem structure relationship; 2. Uses the operation and representation to construct the
mathematical concept of the performance of the scaffold. In the response stage, the teacher's
actions are as follows : 1. Reorganize the course materials and arrange the learning sequence; 2.

Through the operation experience design, it is difficult to find course materials.

Key words : Professional learning community, Curriculum material, Noticing.
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A Case Study of the learning outcomes of the Sixth Grade Students in

the Patterns of number and shape

Pei-Feng Shih®  Kai-Ju Hsieh?
1 Department of Mathematics Education, National Taichung University
2Department of Mathematics Education, National Taichung University

Abstract

The purpose of this case study was to investigate the learning outcomes of the numerical
and/or geometrical patterns of one six grade student, John (alias), from one of the elementary
schools of the Dongshi District of Taichung City. Self-constructed paper-and-pencil test regarding
problems of numerical and geometrical patterns were used. In addition, teaching interview were
conducted in order to understanding and clarify any misconception(s) appeared on John’s
paper-and-pencil test results and during the interviews. Furthermore, posttest was administered
two weeks after the teaching interview. The results showed that : John usually mimicked the
problem-solving steps demonstrated by his mathematics teacher without fully understanding the
meaning of each step. While decided the sequence of a pattern, John usually considered the
remainder of 0 as the first color of the pattern instead of the last one. During the teaching
interview, the researcher were able to introduce the meanings and the connections between the
graphical sequence problem and the number sentences required for solving these types of
problems. After the teaching interview, John can successfully solve these types of problems, which
was shown from the posttest of his paper-and-pencil test.

Key words : misconception, teaching interview, the numerical and/or geometrical patterns
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The Study of Constructing Cases Affecting Students’ Conjectures

Su-Yeu Zhuyo1 Pi-Jen Lin?
National Tsing Hua University
Graduate Institute of Mathematics and Science Education
'startmathelaine@gmail.com
?linpj@mx.nthu.edu.tw

Abstract

The purpose of the study was to explore how the constructing cases as the first stage of
conjecturing influenced students’ conjectures to be generated. The qualitative study was adopted
to observe a case teachers teaching mathematics with conjecturing approach in the fourth and
fifth grade classrooms. The data collected consisted of : audio- and video-tapes of classroom
observations, jot down logs, and students’ worksheet. The were three concerns in constructing
cases. First, the cases to be constructed needed should be considered in classifying. Second, the
information on the worksheet for compiling the data should be considered in instructional
objectives. Finally, the pattern of the data should be considered to be highly tied to intended
objectives.

Key words : Constructing cases, formulating conjectures, conjecturing teaching
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Teacher's Teaching Behavior in the Role of Moderator in Mathematically

Conjecturing Activities

Pei-Yu Chang Liao !  Pi-Jen Lin?
2 National Tsing Hua University, Taiwan Graduate Institute of Mathematics and Science Education

Abstract

The purpose of this study is to explore the role of teachers in the classroom of mathematical
literacy orientation. The case teacher of this study has been conducting mathematically
conjecturing in her classroom for six years. The data collection in the study mainly consisted of the
transcripts of videos of teaching and students’ worksheets. The analytical framework of teacher
roles was based on the framework of Chen, Hand and Norton-Meier (2017). The finding of the
study indicates that the connotation of the moderators at different stages of the teacher's
teaching is different. Different behavioral adjustments help to maximize the effectiveness of
mathematically conjecturing activities. For example, in the stage of formulating conjectures, the
moderator can promote students to observe more mathematical relationships; In the stage of
validating the conjectures, moderator helps to classify the conjecture; In the stage of justifying,
moderator helps the student to clarify the inclusion relationship and improve the efficiency of the
proof.

Key words : Mathematical Literacy, Mathematically Conjecturing Activities, Teacher Roles,

Argumentation
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Teacher Support for Argumentation : Comparison between Hsinchu

and Zhejiang Mathematics Class

Liang-Hao Shih' BI-ZHEN Lin 2
'Graduate Institute of Mathematics and Science Education, National Tsing Hua University
freepig931012@gamil.com
Graduate Institute of Mathematics and Science Education, National Tsing Hua University
linpj@mx.nthu.edu.tw

Abstract

This study adopts the case study method and chooses two Hsinchu teachers and two Zhejiang
teachers who participate in the forum of "Cultivation of Qualification Orientation and Reasoning
Classroom Teaching" as the research object, analyzing the differences of asking-questions
behaviors between the Hsinchu and Zhejiang teachers in forming a mathematical argument for
the students.

The study found that the supportive behaviors chosen by the teachers on both sides of the strait
are influenced by the teaching methods and themes. However, when the teachers on both sides
of the strait support the students to form argumentations, they are mainly based on asking
guestions, which are shown in the classrooms that emphasize argumentation. Sexual output, and
in the use of teacher question categories, pay attention to the expression of students' ideas,
rather than purely question and answer, is to support students' thinking.

Key words : China and Taiwan, mathematical argumentation, teacher support
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108 FEHAAR B R
Professional Development for Elementary Teachers of Mathematics via

Professional Learning Community -
A Case Study on Relay Joint Teaching

Kai-ju Hsieh
Department of Mathematics Education, National Taichung University of Education

Abstract

The paradigm of professional development shift from traditional attending workshops to the
professional learning community (PLC). The main idea of PLC is that a group of teachers advance
their pedagogical knowledge and pedagogical content knowledge through peer learning, with the
purpose of improving their students’ learning outcomes. The purpose of this study was to
investigate the impacts on teachers believes and instruction preparations using “relay joint
teachings” as the main activities in one elementary school located at Maioli County. Two inservice
teachers were interviewed. The results indicated that although the relay joint teachings put
pressures on PLC participants, it did improve teachers’ teaching knowledge and abilities, and
change how these teachers prepare their mathematics lessons. In addition, the students were
also benefit from the relay joint teachings.

Key words : Elementary mathematics, professional learning community, relay joint teaching
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Action Research on the Effect of Inquiry-based Mathematics Teaching to

Ninth Graders’ Mathematics Achievement and Mathematical Learning
Motivation

Te-Cheng Liu *Erh—Tsung Chin
Graduate Institute of Science Education, National Changhua University of Education
p123456789502 @gmail.com
*abechin@cc.ncue.edu.tw

Abstract

The aims of the action research to understand the effect of inquiry-based mathematics on the
ninth graders” mathematical achievement and mathematical learning motivation. The research
method of the study is action research. Under the rules of action plan, the researcher arranges
two-teaching-period sessions in the study, which have kept one semester along from September,
2018 to January, 2019. There are three males and six females ninth grade students participate in
the study. The research tools of this experiment are as follows : the students’ mathematics
assessments, the students’ mathematical learning motivation scale, the teacher’s daily reflection
journal, learning worksheets, recorded videos and audio files of the teaching sessions, and the
informal interviews of the students.

The study shows thar : First, the inquiry-based mathematics teaching into ninth grade course
effect students’ mathematics assessments more than mathematical learning motivation positively.
Second, the factor of the Comprehensive Assessment Program for Junior High School Students is
more influential than others to the ninth graders in mathematical learning motivation from the
informal interviews of the students.

The suggestions of the future studies from the research as follows : First, the more time to use
teaching method can get more teaching effects you want. Second, when you prepare the
revolution of your teaching method, it can get more positive effects that more discussions with
expert teachers.

Key words :  inquiry-based mathematics teaching, mathematics achievement, mathematical
learning motivation
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Teaching Strategy to the Norms of Examine Conjecturing

Chia-Ming Chen® Pi-Jen Lin®
Yunlin County Jhen Dong Elementary School
2 Graduate Institute of Mathematics and Science Education
National Tsing Hua University

Abstract

The purpose of this study is to explore the teaching strategies of teachers and students in the
process of mathematical speculation, to examine the formation of speculation norms, to
understand the teaching problems and students' learning situations, and to improve their
knowledge of mathematics teaching and mathematics teaching expertise. The research results
show that the mathematics speculation teaching and the mathematical speculation norms are
inseparable. Through the "examine conjecture" norm, the mode of examine can be established,
and the teaching students can implement the mathematics speculation teaching more smoothly,
and the students' conjectures are more focused and cultivated. Reasonable democratic literacy.

Key words :  examine conjecture ~ norms ~ mathematics conjecturing
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The Exploration of Parallelograms Containing Relationships - A Case

Study of a Gifted Student

Ping-Zung Hiesh'  Shiang-Tung Liu®
Institute of Mathematics and Physics, National Chiayi University
’Institute of Mathematics and Physics, National Chiayi University

Abstract

In the geometric textbooks of elementary schools, students are allowed to learn the
characteristic of the quadrilateral in the second to fourth grades, but the quadrilateral inclusion
relationship is only introduced detailedly in the second semester of the middle school. Van Hiele's
theory of geometric thinking development emphasizes that most of the children in the middle and
upper grades in elementary high school are in the formal deduction , but to fully understand the
quadrilateral inclusion relationship, it is necessary to reach the formal deduction. Whether the
comprehension of upper grades gifted students can transcend the age and reach the formal
deduction period can solve the problem of the inclusion relationship, which is worthy of our
concern.Therefore,the research aimed to explore whether the upper grades gifted students in the
elementary school can understand the inclusion relationship of parallelograms first.

The researchers designed an open task based on the stage theory of van Hiele's geometric
thinking development, and tested a upper grade gifted student. The study found that : 1. The
case is affected by the stereotype shape of the parallelogram, and when drawing other
parallelogram, the possibility of the rectangle is excluded. 2. Due to the influence of language, the
case cannot be accurately defined in the description of the inclusion of the figure, and even the
phenomenon that the relationship is reversed.

In the interview case, the researchers used the "triangle inclusion relationship" as the
learning scaffold. The expected case can use the analogy method to understand the inclusion
relationship of the parallelogram, and finally conduct interviews to observe the effect of the
learning transfer.

In the teaching suggestions, teachers can use various quadrilateral conditions to limit the
amount of information, so that the research object understands the more graphical restrictions,
the smaller the scope; the fewer the restrictions, the larger the scope, and thus the initial
understanding of the inclusion relationship.

Key words :  inclusion relationship, gifted student, geometry, parallelogram
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Design and implementation of the activity of the mathematical"Angle"

concept

Ting- Wei Xu® Chia-Huang Chen 2

! Department of Mathematics Education, National
Taichung University of Education

2 Department of Mathematics Education, National
Taichung University of Education

Abstract

This study aims to explore the performance of 4th grade students in the concept of angle.
What are the learning performances of students after they have taken the integer-angle learning
orbital course? The research results show that : 1. In the angle concept learning content, the size
of the comparison angle is the weakest part. 2. In the use of the protractor, there is a significant
gap in the correctness, proficiency and accuracy of the operation. 3. After learning the orbital
course of the concept of angle, the original part of the myth concept is clarified, and the concept
or communication can be described in a more precise vocabulary.
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Formulation and Teaching Application of Mathematical Literacy in

Division and Division

Chen Chia Huang1 & Zeng Yushan®
National Taichung University of Education, Department of Mathematics Education

Abstract

This study consists of designing the connotation of the mathematics literacy of the division
and division in accordance with the provisions of the test preparation, in order to meet the
dynamic needs of classroom teaching. After the test, the students in the test class were examined
whether there was a significant change in the performance of the example of the mathematics
literacy of the division and division. The results of the multiplication and division problem type and
the eight mathematics practice check two-way breakdown table test; from the student's
"multiplication and division mathematics literacy example" test results, to understand the
student's performance.

Key words : Multiplication and division, mathematical literacy, examples
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Develop a learning trajectory on mathematical addition and subtraction

operation through problem solving

Chen Chia Huang
National Taichung University of Education, Department of Mathematics Education

Abstract

This study uses LTA theory as the basis to explore the mathematical addition and subtraction
thinking and necessary knowledge of the pre-service teachers through the process of solving the
problem, and then develops the learning trajectory of the addition and subtraction of the
second-grade students. The research finds that the problem-solving performance and thinking of
the pre-service teachers for the shopping problem of research design include the use of 1.
patchwork method, 2. difference complement method, 3. average complement method, 4.
symbolic reasoning strategies to solve the problem. The problem solving process is presented use
the knowledge of coins, division and integration strategy, position value concept, continuous
addition (subtraction) method, "multiple" concept, insufficient and more than the use of problem
solving and problem-solving strategy conversion, etc.; Pre-service teachers use this mathematical
knowledge as addition and subtraction based on the basis, the HLT model that primary school
students can use for shopping problems is developed to facilitate the effectiveness of future
teaching experiments.

Key words : Addition and subtraction, Problem solving, Learning trajectory.
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Analysis of Algebra Habits of Mind in Taiwan, China and Singapore’s

Elementary School

Cheng-Ting Lin® Chia-Huang Chen 2
! Master class, Department of Mathematics Education, National

Taichung University of Education
2 Professor, Department of Mathematics Education, National
Taichung University of Education

Abstract

The purpose of this study is to use content analysis method to analyze the contents of
textbooks in Taiwan, China and Singapore. The mainly focus is to explore the types and ratios of
habits of mind of Algebra themes in the textbooks of fifth and sixth grade students from these
three countries. Further, after exploring the types and ratios, comparing every different
characteristic of Algebra themes is to provide application to pedagogics. The thesis discusses the
findings :© 1. Contents of algebra themes developing habits of mind is focus on two abilities of
mathematic thinking and abstraction. The total ratio of the two habits of mind is 85%. 2. Taiwan’s
course materials focus on observing development and trend of variables in questions and compare
the pros and cons of different problem-solving strategies; China’s course materials focus on the
general calculating, dexterity to questions and expansion of question situation so that students
can solve different types questions efficiently; Singapore’s course materials focus obviously on
realizing questions and cultivating students to enhance the ability of understanding the relation of
variables. 3. The characteristics of Taiwan’s course materials : (1) Compare different
problem-solving strategies for students to enhance realization to problem-solving rules; (2)
Observe and summarize the relation of variables to cultivate inferential capacity. The
characteristics of China’s course materials : (1) Practice constantly basic questions to improve
calculation fluency. (2) Blend in life situation questions to discover mathematic in our life. The
characteristics of Singapore’s course materials : (1) Associate calculating questions with algebra
guestions to supply any deficiency when students learn algebras. (2) Practice constantly basic
variable relation to firm the ability of solving algebra questions.

Key words : Habits of mind, Textbook, Algebra
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The study of calculator into American mathematics textbook "

Connected Mathematics Program "

Ya-Ting Fan! and Der-Ching Yang?
1Graduate Institute of Mathematics Education, National Chiayi University
2Graduate Institute of Mathematics Education, National Chiayi University

Abstract

The key aim of this study was to analyze the purpose and characteristics of calculator
integrated into the American mathematics textbook. This study applied the content analysis
method and the Connected Mathematics Program was selected as the sample. The results
showed that " Connected Mathematics Program " argue the calculator as a problem solving tool
and students can use it at any time. In textbooks, the attributes of the mathematical content used
by calculator can be divided into four categories : "Familiarity with function key operations”,
"Development of mathematical concepts”, "Verification of calculation result" and "Result
calculations". The characteristics of textbooks arrange open-ended questions after calculating
activities, paying attention to students' ability to think about tools. In the textbook , multiple
real-world situation problems were designed, and guided students to use calculator to accelerate
the resolution of complex arithmetic problems. The design of teaching materials based on the
learning objectives. The way presented in the textbooks can be divided into direct integration and
independent subsections, so that students can clearly understand the content of calculator related
activities. The findings of this study can serve as the reference of Guideline of the new
mathematics curriculum in Taiwan that calculator should be integrated into mathematics
textbooks.

Key words : Calculator ~ CMP
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The Study on the Integration of Graphing Calculator into Rectangular

Coordinates and Two-Dimensional Equation Graphics in Middle Grade

Liang-Yu Lin®  De-Ching Yang®

! Graduate Institute of Mathematics and Science Education
National Chiayi University

? Graduate Institute of Mathematics and Science Education
National Chiayi University

Abstract

The purpose of this study was to explore the integration of the graphing calculator into the
seventh-grade mathematics rectangular coordinates and two-dimensional Equation graphics units,
learning performance and practice after teaching. This study applied the case study. A seventh
grader in south Taiwan was selected. Data was collected through the learning of activities,
teaching observation, interview and posttest. The results showed that learning through the use of
graphing calculator can help students improve her learning motivation and understanding of the
concept. After the case of generating a cognitive conflict in the classroom through the design of
misconception, it helps to clarify the relevant misconception for this mathematical unit. In addition,
the finding showed that the student’s mathematics concepts could not be developed well and the
use of teaching aids in teaching may lead students to rely on teaching aids in the future, and may
not be accustomed when withdrawed from the use of teaching aids.

Key words : Graphing Calculator, Rectangular Coordinates, Two-Dimensional Equation Graphics,

Learning Motivation.
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Professional growth of mathematics literacy among two middle-school

teachers in financial management

Yu-Chen Wu' Yuan-Shun Lee’
'Graduate Institute of Mathematics Education, University of Taipei
’Department of Mathematics, University of Taipei

Abstract

The purpose of this research is to explore the professional growth of mathematics literacy in
two middle-school teachers who are in the specialised field of financial management. This includes
individuals, professionals, societal, as well as identifying, performing, and applying mathematics in
the financial management. Researchers used a case study to perform the research, where the
targeted individuals is on two present middle-school teachers. This research is to allow the
teachers to actively provide information and debatable topics to promote their growth through
data collection, includes recordings files of every discussion, written materials, network related
information, calculation process notes, etc., analyse different aspects of PISA in mathematical
literacy,and finally gather and discuss. This study at first found that the growth of the mathematics
literacy in the two middle-school teachers has (1) More able to form mathematical problems in
financial management situations. (2) the ability to analyse and criticise mathematical problems in
the financial management. (3) Ability to infer and interpret mathematical results of the formation
of mathematical problems. Lastly, it is suggested that financial management related topics can be
integrated into the teaching curriculum as well as teaching in the classroom. This can result to
enhance the growth of students” mathematical literacy.

Key words :  mathematics literacy, financial management, professional growth
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Research On The Core Literacy Teaching Action In The Field Of
Mathematics In The 12 Years Of The State —Take "comparison and
ratio" as an example

Chin-Chun Weng1 Yuan-Shun Lee?
'Graduate Institute of Mathematics Education, University of Taipei
’Department of Mathematics, University of Taipei

Abstract

The purpose of this study is to explore the core literacy growth of teachers' transformational
mathematics in teaching through the teaching action research. The research process collects the
recording files of each meeting, the revised instructional design, the video files of the practical
teaching, the photo records of the students’ discussions, and the researcher’s thoughts, and finally
consolidates and discuss. This study found that the teacher's professional growth in the core
literacy of the field of mathematics is as follows : (1)The teaching design of "transfer", "do" and
"gain" helps researcher grasps the core literacy of three sides and nine items. (2) Core literacy is
not only a combination of context, but also a focus on thinking. (3) Understand the arrangement of
textbooks and use the attitude of criticism and reflection to analyze the rationality of textbooks. (4)
Teaching pays more attention to key issues, guiding precautions, expected student responses, and
feedback after implementation. Finally, give advice to researchers who want to conduct teaching

action in the future.

Key words : ratio and ratio, core competency, teaching action research
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Mathematics Teaching Style of Preparation Elementary Teachers : Using

Analytical Methods of Text Mining

Jhen-Yu Liou Chia-Jui Hsieh
Department of Mathematics and Information Education,
National Taipei University of Education

Abstract

This study explores the mathematics teaching style of the preparation elementary teachers in
three different ways @ text mining, self-reporting and video observation. Based on Conti's theory,
the mathematics teaching style questionnaire and teaching demonstration observation table were

designed. The Python and jieba kit were used to analyze the discourses used by the research
subjects in the teaching demonstration. The appearance of the demonstration and trying to find
out the various teaching style classification indicators, comprehensive evaluation of the
mathematics teaching style of the preparation elementary teachers.

At present, the sample is continuously collected. The analysis of this paper only analyzes the 31
samples collected in the first stage. The results show that : First, most of the preparation
elementary teachers' ideas at all levels are biased towards the student-centered teaching style.
Second, the research sample can be divided into three groups of student center teaching, eclectic
openness, and student center evaluation. Third, the preparation elementary teachers in the
background of the College of Education show more student-centered mathematics teaching styles.
Fourth, different groups of teachers also have different expressions on the word frequency of
words.

Key words :  Mathematics Teaching Style, Preparation of Elementary Teachers, Text Mining.
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A Case Study on the Professional Development of Mathematics

Instruction for One Rural Primary Teacher

Yuan-Horng Lin' Tzu-TaYiu® Jinn-Min Yang3
!Department of Mathematics Education, National Taichung University of Education
’Department of Education, National Taichung University of Education
*Department of Mathematics Education, National Taichung University of Education

Abstract

The purpose of this research aims at investigating the professional development of mathematics
instruction for one rural primary teacher. This teacher participates in professional learning
community (PLC) for mathematics instruction with which are organized by one group of
mathematics teacher educators and all teachers of the rural primary school. This study is a

longitudinal study with two years. All the teachers in the PLC are cultivated in many issues of

mathematics instruction. They include : (1)structures of mathematics curriculum; (2)diagnosis of

children’s mathematics concepts; (3)instructional strategies for mathematics reading;
(4)schema-based mathematics instruction; and (5) life mathematics in classroom. Results show
that the rural primary teacher is promoted in many facets of mathematics instruction. They are :
(1) understanding the importance of mathematics language and vocabularies ; (2) posing
mathematics problems based on children’s prior knowledge; (3)adopting life mathematics to help
students understand mathematics concepts; (4) using proper mathematics representation to
interpret mathematical meanings; (5) realizing children’s difficulties and misconceptions based on
assessment. In addition, in according to the mathematics assessment, the mean scores steadily
increase and standard deviations decrease gradually. It means the positive effects of effective
mathematics instruction. Based on the findings, the results could be the references for
mathematics lesson study of 12-year Basic Education, professional development of mathematics
instruction and future studies.

Key words : mathematics lesson study, professional learning community for mathematics

instruction, rural education, teacher's professional development
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Math is fun~The Study on the integration of games into 2th grade
Nine-nine multiplication table Instruction

Hsin-Min Chen' Feng-Wen Huang® Yu-Ling Chang?® Ji-Ren Jhou*
! Chia-yi Puzi Datong Elementary School
2Yun-Lin Douliou Victoria Academy
? Graduate Institute of Mathematics & Science Education
4 Chiayi Puzi Datong Elementary School

Abstract

The purpose of this research aims at investigating the influence on the elementary school
students’cognition and sensitivity by applying the use of math games about “Multiplication Table”.
After developing “Multiplication Table” math game suitble for grade two students, we used both
the qualitative and quantitative analysis to explore the transformation of of learning attitude and
mathematical problem solving strategies by classroom observation, semi-interview, and
worksheets.

The results of this study include : (1)The students can aware and induction strategies; (2)The
students can apply new problem solving strategies and share with each others. (3)The
“Multiplication Table” math game can enhance students’ learning attitude. Based on the results of
this study, the researchers attempts to modify the “Multiplication Table” math game and propose
certain conclusions for the future research design and the selection of multimedia materials.
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A look into teaching behaviors and use of representations by ideal

mathematics teachers :
Perceptions of Senior High School-Stem students from a school in the
Philippines

Feng-Jui Hsieh  Ting-Ying Wang  Juliano Parena Jr
National Taiwan Normal University

Abstract

The desire to identify the factors that play an influence in students’ understanding of
mathematics in East Asian countries gained consistent interests worldwide. Using the instrument
developed by Hsieh’s team (Hsieh, Wang, & Chen, 2017; Wang & Hsieh, 2017) in Taiwan, two
dimensions, teaching methods employed by teachers and their use of representation in their
lessons, were used to investigate the preferences of 386 Philippine Senior High School-STEM
students.

The method of on-line survey was used to collect students’ data. The results show that in
terms of helpful in their understanding, Philippine students endorsed the factors concrete and
real-life representations and formal and symbolic representations to almost similar degrees. The
results also show that the top three use of representations preferred by the students are use of
formal approach, use of examples, and use of graphs.

Regarding teaching methods, the students endorsed the factors idea elaboration and student
active-learning activities to a higher degree than heuristic inquiry, respectively. The top five
teaching methods perceived by students to be helpful in their understanding are the use of simple
and clear words, use of hands-on activities, use of explanation to clarify, guide us in observation,
and asking the students to solve problems on the boards.

Key words : teaching behaviors, representation, teaching method, mathematics understanding
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The Action Research of Integrating Games into Seventh Grade

Mathematics Teaching in Student Party and Its Influence on Students’
Learning Motivation and Achievements

Abstract

This study is aimed at exploring the effects of the integrating mathematical games into
mathematical teaching on math learning motivation and achievement of 7th grade students and
solving the difficulties of design and implemention. The researcher used action research to
conduct a warm—up and two—phase activities. The study was conducted from September, 2016 to,
June, 2017 .The main data collection includes students’ work sheets and feedbacks, teacher’s
feedbacks, observation diaties, classroom teaching video tapes, interview records,and Math
learning motivation Index(Chin, Lo & Yeh, 2016). The researcher used “Paires Sample t—test” to
analyze student’s math learning motivation and achievement.

The main discoveries are as follow :

First, the gameplay method is combined with mathematical calculation techniques so that low—
and medium—achievement students can practice a lot of calculations during the game.
Second, it is necessary to have a plan to guide students to reflect on some important definitions
and misconception, so that high—achievement students can have more brainstorming and higher—
order thinking.

The researchers found when the teaching activities are designed to meet the two elements, the
students’ scores have a good performance. According to the research result, | hope each proposed
suggestion can be beneficial to the educators, parents and students.

Key words : Integrating Games ~ Learning Motivation ~ Learning Achievement
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A Reflexion and Investigation on Kaisei sanpo by Japanese

mathematician Aida Yasuaki.

Yi-Chu Chen,* Jia-Ming Ying2

1'ZDepartment of Mathematics and Information Education, National Taipei University of Education
YJabulabuwind@gmail.com
%j.m.ying@mail.ntue.edu.tw

Abstract

This paper aims to explore the contents of the Kaisei sanpo (1785) written by Japanese
mathematician Aida Yasuaki (1747-1817). We analyse Aida’s rationale toward mathematics, and
with our analysis we reflect upon modern mathematics education and how different rationales
toward mathematics produce distinct ways of composing mathematical treatises. We use the
preface and two problems in Aida’s work to show the key idea in his work : “seiyo #% & ”. The
authors realised, after the analysis of his work, that under different rationales toward mathematics,
there can be very different opinions as to how mathematics learning ought to be linked to real life,
but essentially these different rationales and approaches are for the learning of mathematics.

Key words : Kaisei sanpo, Aida Yasuaki, Japanese mathematics
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Exploring Teacher's Shifts and Students' Learning from Mathematics

Professional Learning Community—Taking an Elementary School in
Nantou as an Example

Jinn-Min Yang1 Ya-Lan Huang2
! Department of Mathematics Education, National Taichung University of Education
% Graduate Institute of Science Education, National Changhua University of Education

Abstract

The professional learning community (PLC) is an effective teacher professional growth
framework under the concepts of teaching sharing, collaboration and professional support. It is
also an effective way to improve students' learning. This study explores the transformation of
teacher teaching and student learning through the operation of the mathematics professional
learning community, and finds the effective composition model of the teacher professional
learning community and the improvement of student learning. This study found that the support
and participation of school administration, as well as the participation of teachers with rich
mathematics teaching practices, is an effective model for the successful operation of teachers'
professional learning communities. At the same time, from the results of taking two exams on
Project for Implementation of Remedial Instruction Technology-based Testing system, established
by the K-12 Education Administration, the students' learning achievements have also improved.

Key words : professional learning community, teacher empowerment, mathematics instruction,

mathematics learning
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A Study on the Relational Understanding of a gifted case on the Task of
Percentage Sentences

Fang Ying—yunl, Shiangtung Liu?
12Graduate Institute of Math & Science Education
National Chiayi University

Abstract

Mathematical knowledge is divided into procedural knowledge and conceptual knowledge.
Relational understanding is the result of the connection between procedural knowledge and
conceptual knowledge. The process of this connection is through observation and identification
and reflection activities, so relational understanding can be said to be mathematics. One of the
important goals of education. The percentage unit is an advanced unit for student learning scores
and decimals, especially the problem of baseline change and baseline quantity being unknown.
There is a sixth-grade male gifted student who is studying in a gifted resource class. Although he
has early entry, he has good academic achievements. Therefore, this study wants to explore his
relationship understanding in the face of the percentage problem.

This study uses a case study method. Researchers design worksheets that are different from
non-routine topics in textbooks and reference books. The work order is the basic question of the
baseline quantity unknown, the base quantity change basic question, and the three basic
questions of the baseline quantity unknown advanced question. Each big question has 3 small
questions @ for the calculation type to represent the relationship between numbers, Write the
mathematical meaning of the calculation formula, and compile the corresponding text problem for
the calculation formula.

The study found that : 1. When answering the mathematical meaning of the formula, the
case is not good at using mathematical language to explain the meaning of mathematics; 2. From
the performance of the compiled text, the connection between the formula and the mathematical
problem is not close enough; However, it can be seen from the drawing problem that the case can
draw a multiple relationship between numbers. After considering the evidence of the interview, in
general, the case has mastered the relational understanding of the calculation.

Key words : percentage question, gifted students, relationship understanding, problem posing
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An Experimental Research on The Integration of Financial Education into

The Mathematics Curriculum of Junior High School Eighth-grade

Jian-Ji Hsieh*  Hsuan-Ku Liu’
'Department of Mathematics and Information Education, National Taipei University of Education
2 Department of Mathematics and Information Education, National Taipei University of Education

Abstract

This study mainly focuses on the integration of financial education into the mathematics
field of the eighth grade mathematics in the country. It uses the quasi-experimental research
method to target two ordinary students in the eighth grade of a certain city in Taipei. There are 26
students in class A and 28 students in class B. Four mathematics themes are taught in four lessons.
Class A students in the experimental group were integrated into the mathematics curriculum in
the financial education, and students in the B group in the control group conducted the Narrative
Mathematics Course + Financial Education Course, trying to understand the changes in
mathematics learning performance, motivation, and interest of the experimental group students
before and after participating in the financial education teaching. Whether it is higher than the
control group students, and based on the "financial financial knowledge and mathematics learning
performance, motivation, interest questionnaire" before and after the test score for statistical
analysis, student curriculum feedback form plus student interviews for qualitative data collection
and document analysis.
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Research on Improving the Financial Management Concept of Senior

Secondary School Basketball League Players by Activity-based
Curriculum

Sheng-En Yeh'  Hsuan-Ku Liu, Ph. D.?
! Department of Mathematics and Information Education, National Taipei University of Education
? Department of Mathematics and Information Education, National Taipei University of Education

Abstract

This current study aims at investigating whether the practice of activity-based curriculum can
raise the concept on Financial Management of the basketball players on High School Basketball
League (HBL). This study analyzes the effectiveness of the activity-based curriculum from the
design of the course, and the teaching strategies. The researcher adopted activity-based teaching
strategy and guide the students with mathematical literacy in the target class. Furthermore,
situated learning and mathematical literacy are both applied in the target class. The researcher
expects those students, who are also basketball players can raise their financial literacy and build
up the basic concept on financial management, which can help the basketball players have basic
ideas on financial management and they can also have plans in their future. The participants of the
current study are totally 36 boys and girls basketball players from the high school where the
researcher teaches. A total eight courses will be conducted in their extracurricular time for four
weeks. The teachers who used to teach the target class works as the cooperated teacher to the
current research. All the teaching activities are video recorded and observed by the researcher.
Pre-test is conducted before the curriculum. Basic Financial Knowledge and Attitude Survey,
Knowledge of Deposit Survey, Risk Management Survey are applied. The same survey is used as
the post-test after the eight-week courses. The results are analyzed to ensure the students have
raised their financial literacy. The curriculum in the current study is adopted from the financial
education courses for high schools and vocational schools from Financial Supervisory Commission
(FSC), and the worksheet designed by the researcher is also used in the class for checking students’
learning. An interview with the participants is conducted by the researcher and the cooperative
teacher at the end of the eight-week courses. The interview aims at both collecting the feedback
and suggestion from the participant students and concluding the achievement of the course
design by the researcher.

Key words :  Financial literacy ~ Financial education ~ Saving - Risk Management
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The Research of Teaching materials of Four Arithmetic Operations

intergrating with Authentic Financial Situaion in Elementary School.

Jou-Chieh Liao®  Hsuan-Ku Liu®
12 Department of Mathematics and Information Education, National Taipei University of Education

Abstract

The purpose of this thesis is to research the effectiveness of applying teaching materials of four
arithmetic operations integrating with authentic financial situation for the fifth graders in elementary
school. The research target group is 33 fifth graders in an elementary school in New Taipei City.
Quasi-Experimental Research Method is adopted in the math class for 2 weeks and there are 5
sections in each week. The experimental group students are using math materials integrating with
authentic financial situations. The control group students are using original math materials
accompanied with the self compiled materials of financial situations by the researcher.At the end
of the instruction, a written test of four arithmetic operations was given to all the students in the
research target group. Analysis of Covariance is used in this thesis to identify the learning
effectiveness of students instructed with Four Arithmetic Operation Teaching Materials
Integrating with Authentic Finacial Situations. While the curriculum is instructed to the students,
the qualitative data including the feedback investigation of students and the interview records,
and the quantitatived data including the scale of learning attitude toward math and the scale of
concepts of basic finacial knowledge are both collected to analyze and understand the influence of
learning attitude toward math and basic financial concept of students intructed with the math
teaching materials integrating with authentic financial situation.

The result of the research shows :

1. Math materials integrating with authentic financial situation will increase the ability in
understanding and estimating four arithmetic operations of fifth graders in elementary
schools.

2. Math materials integrating with authentic financial situation will increase the learning
motivation of math of the fifth graders significantly .

3. Both math materials integrating with authentic financial situation and direct teaching
materials of financial situations will improve the correct basic financial concepts of the fifth
graders.

Key words : authentic situation, financial education, four arithmetic operation
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The study of Primary school fifth grade students' opinions in

Mathematical Literacy-orientation questions

Ching-Wen Chiu'  Chia-Jui Hsieh?
Taoyuan Municipal Bade Elementary School
> Department of Mathematics and Information Education, National Taipei
University of Education

Abstract

The 12-year National Basic Education Curriculum will be fully implemented in the 108th
academic year. The core literacy orientation is one of the main axes of this curriculum reform. The
corresponding literacy-oriented assessment questions are also concerned, including the form,
characteristics or scoring method of the questions. Through the various study or teacher
professional growth courses, the teacher will be reached at the teaching site. In general,
mathematical literacy questions emphasize the combination of real situations, and such topics are
currently fewer common types of students. Under the trend of literacy orientation sweeping the
future of mathematics education, do we ignore the learner-centered, "Is this method of
proposition also a question type that students like or accept?"

In view of this, this study attempts to explore the feelings, comprehension, preferences and
self-scoring of the two types of questions, such as mathematics literacy-oriented questions and
general textbook questions, through the actual survey method. The actual answering situation of
these two types of questions. This study adopts the questionnaire survey method, and the
research sample is convenient for sampling and selects 75 students from a fifth grade in Taoyuan
City to fill in the questionnaire. The study found that : (1) Students are more complicated and
more difficult to understand the amount of text and the way in which the text is presented. (2)
Students have a high degree of understanding of the problem with a small amount of text and a
chart. (3) The score of the students in the general textbook is higher than the score of the
mathematics. (4) What students like most is the narrative style of general textbook questions, and
the literacy questions are also one of the types of questions that students like. (5) Students have
insufficient self-confidence in solving mathematics problems.

Key words : Literacy Assessment, Mathematical Literacy, Mathematics Textbook Questions,
Mathematical Literacy-Orientation Questions.
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A Probability Teaching Experiment in Grade Eight :
Tree Diagram as Design Core

Che-Yu Hsu®  Chih-Yun Hsu? Wei-Chang Shann?
! Graduate Institute of Learning and Instruction, National Central University
2 Department of Mathematics, National Central University
3Department of Mathematics, National Central University

Abstract

Curriculum Guidelines of 12-Year Basic Education Outline will be implemented this (2019)
September, but the probability contents for the topic of "uncertainty" are still concentrated on the
ninth grade. The purpose of this study was to design a new course with the core of tree diagram
reasoning for students to understand and solve probability problems. We also explored the types
of errors that students usually made when using the tree diagram to solve uncertainty problems. It
is expected that the eighth-grade students’ probability knowledge to evolve and the probability
literacy to cultivate in an earlier grade. It was found that the students improved their probability
literacy after learning of tree diagram. It was also found that two types of errors are generated in
the tree diagrams, i.e. the classification and interpretation of sample objects and events; and the
probability values of asymmetric events corresponding to the representation of tree diagrams.

Key words : tree diagram, probability, misconceptions
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Design of Integrating Information Technology into Remedial Instruction

for“Circumcenter, Incenter and Centroid of Triangles”

Chi-Ju Huang' JU-FEN Yao?
'Chia Hwa Senior High School
> National Chiayi University

Abstract

The purpose of this case study was to design integrating information technology into
remediation teaching for Circumcenter, Incenter and Centroid of Triangles. The researchers
designed Circumcenter, Incenter and Centroid of Triangles. Based on case student’s performance,
"Nine-Year integrated integrated Curriculum" and related literature , the researcher used the
Geogebra software to design remedial instruction of Circumcenter, Incenter and Centroid of
Triangles for students, and then use the Kahoot instant feedback online test after the teaching
activities.Hopefully, this instructional design could help students learn Circumcenter, Incenter and
Centroid of Triangles effectively.

Key words : Remedial teaching, Circumcenter, Incenter and Centroid of Triangles, information
into mathematics
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The preliminary study of teaching aid on assisting fifth graders in

volume learning

Meng-ya Chen'  Shu-I Chang®
!Department of Mathematics and Information Education College of Science, National Taipei
University of Education
% Department of Mathematics and Information Education College of Science, National Taipei
University of Education

Abstract

The purpose of this study is to describe the adjustment of the teaching aids on fifth-grade in
design of volume teaching, and to understand the students' problem-solving strategies. For
research purposes, 1 cubic centimeter of building blocks and USL squares were used to integrate
the curriculum, and design research was used to design the lesson plan.The results of this study
found that : 1. The teaching program is adjusted after the researcher's teaching reflection and
discussion with the experts, including : increasing the connection between the physical teaching
aid and the view, strengthening the concept of the "layer", changing the view, correcting the
teacher's question, and changing the teaching aid.2. Through the operation of physical teaching
aids, students can develop multi-question strategies in the fifth-grade volume learning of the
National Primary School : (1) The problem-solving strategies of the rectangular box volume are :
marking the box, drawing the bottom surface in the length and width as a mark, then finding the
height, along the length and width. High rolling blocks. (2) There are some solutions to the

problem of complex volume : different methods of cutting, filling, and cutting.

Key words : teaching aids, volume teaching
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The process of integrating Physical Manipulatives into the design of

Teaching Plan —An example of taking Volume in the fourth-grade

Wan-Ling Tsai' Shu-I Chang?
'Department of Mathematics and Information Education College of Science, National Taipei
University of Education
2Department of Mathematics and Information Education College of Science, National Taipei
University of Education

Abstract

The purpose of this study was designed to take advantage of the physical teaching aids into
the fourth grade volume unit, exploration programs in the course of design changes.In order to
achieve the research purposes, 1 cubic centimeters of building blocks were selected to incorporate
the course, and the design standard research method was adopted to form the teaching scheme
through the cycle process. This study comcludes that : (1) The choice of physical teaching aids :
initial consideration of the needs of students easy to operate, the selection of USL block, the
medium term into a variety of teaching aids, and finally return to the development of a single
teaching aids problem; (2) Activity Layout Arrangement : The initial emphasis on specific
operations, the later changes to specific activities, re-characterization activities and abstract
activities three levels, as a sequential arrangement; (3) Key questions and anticipated thinking
adjustment of school students ' problem-solving strategies : In the early stage, the teaching of
Teachers ' center and the correct problem solving were mainly solved, and the questions of
exploring and opening up in the later stage guided and thought about the possible wrong solution
of schoolchildren ;(4) strengthening the transformation of two-dimensional plane and
three-dimensional representation : At the beginning, there were only two-dimensional one-way
teaching activities corresponding to three dimensions, and the two-dimensional and
three-dimensional teaching activities were changed in the later period.

Key words : Physical Manipulatives, Teaching Plan, Volume
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A preliminary study on the integration of cube counting ability through

entity teaching aids for second-year students

Jou-An Cheng®  Shu-I Chang®
!Department of Mathematics and Information Education College of Science, National Taipei
University of Education
% Department of Mathematics and Information Education College of Science, National Taipei
University of Education

Abstract

The purpose of this study is to integrate physical teaching aids into teaching design to
development students’ cube counting ability, and to adjust after the practice of the class, as well
as to explore the student's learning performance.

In order to achieve the purpose of research, use 3D geometric cubes and three-sided frame in
the course. Adopting design-based research, through the cycle process, a teaching plan of cube
counting suitable for the second-year students is finally formed.

The preliminary findings of this study : (1) After the practice of the classroom, adjust the
orientation of "teaching aid selection", "teaching time planning", "teaching plan and study list
modification", and "teaching activity presentation"; (2) Students' problem-solving strategies

include "moving strategies", "counting by layer", etc. (3) Student's mistake strategies include "only
counting visible cube on the surface", "missing to count partial cubes", etc. (4) In general, students
like teaching aids, teaching aids not only help students learn, but also make students more focused
on the classroom. In the future, researcher will experiment with more classes to make the teach

plan more complete.

Key words : Entity Teaching Aids, Learning Performance, Cube Counting

674



108 AP HIAR R &

18 ERR2 4P KT A EHFEHBKEFTT P

HErBLAARARE

FY LR BE R EARKRE R )
o “F 108 £ 067" 04%5#H - 7= 15:40-7 = 17:20
Ey i | DRI RRER SRR R/ RS
Lo YR A
R A ¥ %R E %
5 4 3 2 1
7. Py
e 08Y% 10% 0% 0% 0%
T
}éigigi"\i 5 & E 1L 3% 3 =3 A B 2 =
iIﬁ '/#_{_Bbﬁf‘&'ﬂ’ z,\ﬁlﬂig Eﬁﬁi’ZlFﬁg L‘LK—EZﬁ#‘E
kR & ¥ 743 A2¥ 2 A1
5 4 3 2 1
2. paés
e
%Rl 94 6% 0% 0% 0%
& A
NS
s i A ¥ &3 e IR
5 4 3 2 1
3' k’g 33
e 05% 5% 0% 0% 0%
S
SRR
s i R ¥ AL ¥ 2 BE
5 4 3 2 1
7. A
B8
i; 96% 4% 0% 0% 0%
z
i
L S
S| E

675




108 AP HIAR R &

h X3 ¥ 7 A A¥ 2 AR
5 4 3 9 1
2. FEF
S
o 0 1 03% % 0% 0% 0%
2 | 5
AR
E3: LA
b i; T E A REY e
R i A ¥ ?ER 2¥ PRI
5 4 3 9 1
3. GEF
a3 AN
fiﬁ?ffjf 95% 5% 0% 0% 0%
E T x =
nE
T30
L4 HRp A
B R A ¥ AR 2¥ PRI
5 4 3 2 1
. %
2R
R
e 92% 8% 0% 0% 0%
e
e
x40 %
= fjg g EEHEES LA W K 2GS MO e
Uk X3 i 7 AL A¥ AL
5 4 3 2 1
9. #
¥
EE.
jﬁi 98Y% 2 0% 0% 0%
ol
E'Lg»%[
gé
EHed |,
HE
T |7
B A X3 #i 7 A i A¥ 2 AR
5 4 3 9 1

676




108 AP HIAR R &

3. %

p s ek

gy 95% 5% 0% 0% 0%

1 iF g Ay
F

g1

gl |
RS BEARE 5 O BEHCF AL AR AP F IR hREPNFE D E

677




18 ERR2 4P KT A EHFEHBKEFTT P

108 AP HIAR R &

EETRLADEL RN
FT g 108 i FL A7 38 fb ~ 50§ — 12 Scratch #2543 5 = &)1
¢ v A P (5 B
Y 108& T2 1272 4p(-~z)FEQp3 T2 4p
Y| ABE AT R g M

o R AR P
T R ¥ AL | A¥AER
98Y% 2% 0% 0% 0%

oo HEEE RN B
feid A R ¥ % AR ZF2HA
98Y% 2% 0% 0% 0%

B ek
T w1 ¥ AL | A¥2AR
96% 4% 0% 0% 0%

e KREFHERY P ER
feid R R ¥ L% A ES S
99% 1% 0% 0% 0%

T AREFHL S SRR APMIER?

B * B R
100% 0%

678



108 AR R
FRiTE&

T &-id 2 ¢ https://scratch.mit.edu/studios/19158673/

20190701 th A k235 [ ]

HFK (90) wtan (0) REE LL S

. = —

24

TS ER T ££82-fFRfiLadybug PR SEER A S/ N EENZ A B B 701
by annysles by thj8thj8 by mzaquarius by ylincd2019

Game Over GAME OVER

]
i i
PR A {8 {516 03 -2 K EHHEE201907 048RIETE. .. Z RN SRIENZE K 5 BEE BT IZEE1
by tony8614 by jasephine by vicky860619 by jessymoon

SotAHt—a ks (FUhE) 2019 A12 TE5 &K PREEH(E G- B RR-10... EHMIERO1_H BE

by peggy101040 by codyuyu by mz20190701mz by lushuchin
.
,4:(
~ [
&I Z(BZ/ME B )RS 0704-c % A scratchit... B SE (T B T 192019AT7 Bk S &
by omiksmart by omiksmart by david20040403 by ruby051201

[N
ggﬁ}g,}tgﬁgjﬂgfg FHMZL/EF01 fish hunti... FfEC{¥2019 A12 firefly TRERIAE AR
by ruby051201 by whayfen by notemaker by y2222

679


https://scratch.mit.edu/studios/19158673/

108 AP HIAR R &

V¥

W
1 WA A | I e |
2019 BB 7L b SR {E3£01-fish hunti...  [H 2019 = FATER
by notemaker by tony8614 by david20040403 by notemaker

e
TRIE A T BRESE T EfEiA%.SB3 PR A (R0 2- B
by vickvickvick by vickvickvick by vck1225 by tony8614

Pk B B R Tt 2z - i e A11 fight of flight TREEMEE0 2 BR {7 A B
by y2222 by peggy101040 by notemaker by ocyc

#ta TRy fEE-heart

SRR I OBREER A13 LERERE
by ocyc by david20040403 by notemaker by jessymoon
§ A Lo
F: ! .é' st foo,
l'-‘ " s : ‘01'; :;f* o
E‘J‘."’? .:.‘J:" eet' b
D O
P X
Al
EfHfER2 AL ERRE 280 MEFEE2_A1LE..  LWBEERE REH
by vck1225 by vicky860619 by shew7777 by tinandalice5434

TRELF DDk FRAT oRi (HER... OBRBERE R Flappy Bird remix-2
by 120112011201 by 120112011201 by 120112011201 by squid2k13

680



(%
) §
ame Over
\, % ‘
(¥

EfBifER1
by vck1225

g ®

SREEFLESE 01 i—Bk
by linda20190701

FREFH(ER01 fish hunti...
by shew7777

i e
by peggy101040

e~

108 AR TUERL\ MR
~pJScratch FITAE A

BT {ESE01 fish hunti...
by notemaker

FIRAT KA &
by 120112011201

(;.‘S‘:)
G ® 3
¢ @
@
Bk 5 (R0 1-HE KRS
by annysles

REER
by inda20190701

H[H

by peggy101040

10807t # A scratchif...
by mz20190701mz

by show2lai

g 4
ME OVER

G R-BTICER

by jessymoon

WA
by marchnm0826

by tinandalice5434

f-i
by tony8614

ok kA
by 120112011201

fish hunt01
by mz20190701mz

681

BREETTTERO2 RS

by annysles

HHREEEEA
by jasephine

Untitled-4
by peggy101040

EE5 BKsf
by codyuyu

GAME

OVER

St AR (RRER
by 120112011201

HKE A-EE
by peggy101040

108 £E AR R He s



4

Untitled-10 = AR % 2.0 5)

BREARE
by david20040403 by notemaker by david20040403 by codyuyu

P T—
P LC“‘) —‘
Ao [ ]
] ) .
p aeE—
— T —
A04 butterfly 2019 dino jump 2019 escape from cage S R 5 remix
by annysles by notemaker by notemaker by notemaker

SRR 5 20190702 number of ball 028FHgn7 /K £ Uhtitled-Z
by david20040403 by notemaker by annysles by ruby051201

fte.

s Yyouwin ¢

game AR A02 (1) LR

by david20040403 by show2lai by jasephine by 120112011201

GAME OVER
m .
L
SRIBIZHA R -BI07E1080... IZBATLRIE IZBRAY SRS A02 copy
by jessymoon by tony8614 by peggy101040 by notemaker
4
5
L Y
"y
® ;

Untitled-212 A01
by notemaker by notemaker

682

108 AP HIAR R &



108 AP HIAR R &

W4 &5~ 5 108 2 R #F4 ?ﬁ/ﬁﬂ Put g
FRTRLALAL AR
Ll w8&r&§%¢w:@%%ﬁ&pjlﬁﬁ
Y Ry 108 2 7% 232 7" 24p (=)= 9prs™x 4pF
Y AR B4 E SRR ERTEL%E
-t Rt P
ki B R ¥ AR 2¥7 81
98% 2% 0% 0% 0%
N S
LB i A ¥ A3 ¥ 2B
99% 1% 0% 0% 0%
ERNPES T8 SR g
LB i A ¥ A3 ¥rai
96% 4% 0% 0% 0%
T HEFERY DM ER
ki R ¥ A3 ¥72 53
100% 0% 0% 0% 0%
I \#\j\{@)ﬁu‘fééﬁ 6‘“?#7 #Bfﬁ‘g/rﬁ?{?
R R PRER
100% 0%
~~\ﬁﬂ*z@
T%dZﬁWﬁ’#iﬁ?#&F P“%ﬂ’ug % B st o

>?E—"#7’ WRPRAFF B L2 RIR Zéi‘é o

) N ?E‘lf"’a} EEEFEEY s
) 2 T

KBRS LR RS R ?/,,\frx N4y E

3 %‘i‘ ﬁ (RASEPELY: ENEN e R
PP

X
g

’ IE"IIJQ = K

-ﬁ%ﬁﬁ,;#ﬁ

- S LY W I

> BAY AR S
>%§%%‘ﬁwﬁm~ﬁaw~’a

SR YT

7]

le® 2R 1P 3 F
/%ﬂ‘m#’

2
4

Ly
#ﬁ%’"

FHETIARM 1 (TP o

683




108 £E AR B R H i
G LT AR AR T R FR R TR
g o
AN A BE TR X FRE S S RIAA~
LTSN E VTS LR EREEE TR
7

>EEE LT R B LT REF P RS R i B2 ¢ B4 iR o < E i
BmgE g F o £ Rl AR RTE I EEY Az |

684




vegrzit, wrz  CPIP
vEARE xhea 333y

O E, 2B RESH méﬂ‘@
Ve, ARRFOAZMARMBL

f
S
é
¥
-
2

FRGEE o ne

— > WM R?

A NN

=N 2 ke o 3 esk!

—

= =AW 3 RHa 0 Eiesk!




13Ehytﬁﬂw$EM: - P3

N P wigad 0 dik!

v o 4

s BREELESR

Taive E 8 P

+~ Rl d o k!

Th

o gfwalebd

ERANELSHEHER 165 KERBRSH?

. 2
_‘

iR §

ﬂ;%'taﬂ&

PELTHSRESS SERE B2

AN

EFW 2~5 Kb

1h

1k 1k

HREFR-EAAY
PEETURERBT QERE

B2 'ﬁ ﬁ ﬁ%

1Y




108 £E AR B R Hr

‘ T ETER on. Eal ﬂi\}'lt: ﬁ'ﬁ o "8

@L:!;En!!&iit BERE  W2BEH %ﬁﬁ‘%gg% %

'FL;Z%HQ?&N!' BERE - BB & % ﬁ‘% % ﬁ % ﬁ

| THRYERNR o e

B ———— &z ﬁ ﬁ% % ﬁ % % 121*’5' . . ﬁ!g %g@ % %

PELTREERSE SEIFRE - BDBED

687



108 £E AR R He s

ehi I Y b
e~ % a ERNBHCEY E‘%@g
; http: i mathiorgat/domnloanl S

4

688



108 FEHAAR B R
Wzt ? my < F 108 EREEREREFT Y v+ 3
/p@?%@ip}%é "Lﬁr

Py L 108 & T #cH By 2 pF-L5R8 ARk 3 | 1 17
YR 108 7% 23277 24p(=2)t=9prr™= 4pF
B R PESEEREHAEE TR ISR

L b AR P
R R ¥ - A 2E2AER
98% 2% 0% 0% 0%

S HEE R R

ik i R ¥ 7 AR ¥ 2 A
100% 0% 0% 0% 0%
S R k-
REC S 4 R ¥ LS & A¥2RL
98Y% 2% 0% 0% 0%
T RER R Y
s R % R ¥ AR EF A RR
99% 1% 0% 0% 0%
I CAREFIHE S AT BRI ET?
L *REE
100% 0%

s Rt N aER

ZEF IR R IR MR o
TR

PHEFE S EE > KERG I REKER -

N‘?“%Z‘ﬁ?f%l'%i{é‘b { 5 P R SofTis A R ehp 5 )

)?E."‘#?’F’B 5&4‘3 LLMEgsi p]f{ﬁyi? oﬁpi'r b‘&g_ﬂ b"*\%‘;\eim/éﬁqgnsi-g,\ ,%Wﬂgf.
ﬁﬁ?y\ﬁ“’}lﬁ'ﬁxiﬁ" P ARFRE ?45‘59\:‘&&73{?

PIAEL G F AR AN TR SABOER A R cKE L L FEY S B
L£F§¢7£{#

=1

L)

L ehd A F A Rk TR SRR A

689




108 AP HIAR R &

PAMFA G T B E A R s i iTiea E s LApE R T R
FHEAELSEF b A BIn K PR E AR o

>HEEY P WA R T AR S ALY B Y AR
>%ﬁ4¢§%’ﬁ%&%£’ﬂﬁﬁ%%ﬁ!

>REFET R R TR RE REHR E SRR

PR EG MR EOREET T o B i a4 L A AR by
PEEFOFAPT LR BRERGARL AT KL UBE R LR X
S8 -

o

690




108 £E AR B Hr

%'ams@ 3 o[s
0 @ &
S Ll

&< &
{ % S — BRARAEAR

y '“ e LT
ml ieie

) R

& &

(557 D
T 1 Y1) CEZSumnsen e . BRARLEAR
e 430 2 _ZHER | RRIERER - ‘
| B %%%%\ %m?"gg o
gl OO
(@ &B @@ | T | B | gt | B
o ® W | ﬁﬁm & |
@ & i Bon | By | | B | dp
& P ofp | off | o |y
@ @ @ @ 7| 6w | m e
.............. — WEABAERR | mee AN IN goadRbB

691



108 £E AR B R Hr

[1@%?&& on: ns C RRYEE e ne =
e, JR'J‘iWQ BEM . 0, en, BBM
E 3 It joig 7 =

y Ai‘, 0
& K o _ W
; S— aznaas
Hetet 1
®
<)

& o8E
it SIS, (0] Seas
%ﬁﬁ%gﬁﬁé

paLgl Bl e
| [ SssERsanse sHue - nREL

FHIZRFANYE ONES - WOND

T EEGR o b api ] EULMENE suesnamss
USLBEB T =n§uus

4x2 4Xx3 4x4 4X5
gg&%llﬂ! 3434327

ERHRHE -

R L.

é 4X7
A - AR ST RO M B

] s i P
‘ . R = 5 s LRl b
s Smmed. 0000 | L. L. e T T L T T U S ST SN )

aaiede

PUIIMPARTE ODEN - ADRD

fi-HH R e .
2 SEEELERS

PEEEINFURSE ONEN - ADWD

692



108 £E AR B R Hr

KTy

m_@

EJLICIEIC

[Flel=]al=)

Al

@

—@:@

&

[Flee]al=)

S

&)

&DCC]D

%, %),

JDBE]

glgl

. WEWudeNs

693



18 ERR2 4P KT A EHFEHBKEFTT P

108 AP HIAR R &

FEFRLANLIRE
Y LA igiﬁgffﬁ@*%?—“S“ﬂmﬁﬁﬁﬁéﬂl*
g ?2289MESHZZB@ﬁ%w&ﬁw)iiQ%ET
B R ALMEE A FLT B E MIs K EE
EORNTS (- S E
s i, AR ¥ L% A L2 BR
99% 1% 0% 0% 0%
=GR RRP B
s i, AR ¥ L% A L2 BR
98% 2% 0% 0% 0%
e ek
G %R ¥ AR P S
96% 4% 0% 0% 0%
o KEFERT D ER
feih & R ¥ * &R 2 S A
99% 1% 0% 0% 0%
T ARETHL SR CEPR PR IEE?
B * R
100% 0%

694



108 AR R
FRiTE&

T 518 2 ¢ https://scratch.mit.edu/studios/25103866/

20190819~22 BIRVR} T SBH AT (10 A

K (83) ¥k (0) A i}

game
over

HFRE B FRENF #3 ERRAFERR HEEDR
ty tsuifend12 by mitchell94 666 by darismew by 101264777

s

HREW2019082200MPH MG BHE AENF - dakkiE 58 BT Rk e AR
by devsps2y2k by chiuluo by poem0301 hy eaglehsin
Game over
‘ Game Over
l —f =
FTRIE- BRI 1080822 R 1080822- 1 WNECERZAE)108...  WEEEEE-REEN..
by 101941 by lusunlin by scratchtianna hy action19651221
Clele >
®® & e 1
12345 &
% m‘ 8 71 [ . {E} »
2019.08. 2 h—Blt-B... HEW-LMER AMEP01GRBRAE MW BETHE
by addolcendo by inin0416 by sun5625 by darryhow

Game Over ( Game Over ( Ga m e Ove r

» .

S B -
2019 HESNAKE D829SNAKE TWICEMI#E WMEWN20190822-3{8K... 2019 SRR
ty notermaker by notemaker by demi0s15 by 103394

695


https://scratch.mit.edu/studios/25103866/

108 AP HIAR R &

!g 4 P &
‘.-.] IJ -
}. L e S ese e o eee_ra

W3CE20180.8.20M58]...  Action AN (BAE... WEREXBREEN... B ADBEELEC...

by uu7002189 ty notemaker by darismew hy notemaker
)

r,mW I L I

A1 AR A10 EER-ERAR A0S WF TR

er ty notemaker tyy notemaker by hotemaker

AR XBNERS &
k

ty noterma

; & :
A0S SR R ShA A07 MAKH A A6 S/ e A0S BERIRED

by notemaker by notemaker by notemaker by notemaker

A4 FTRRR A03 MM SHRY Gobo -... MEN20100822-248RF... AR ZMENEE

by notermaker by notemaker by demi0515 by notemaker

WET MRS remi... 2019 RN

by notermaker by notemaker

WEN20190822- 194 ...
by demi0515

2019 HESEEE XS ..

by notemaker

of
2019 g 2019 i ER & 2019.08.2 1 ERR R IFIR 2019 HE K@
by notermaker by notermaker by addolcendo hy notemaker

696



2019 MEER RN

by notemaker

20190820-f% BBEEIE...
by devsps2y 2k

WEW20190820-284%]...
lyy demi0&14

WMEW20190819-245%K ...
by demids15

pig-0819-3crab having ...

by darryhow
TSR
by inin0416

WMEW20190821- 138 ...
by demins15

Game Over

WEW20190820.35 ...
by demi0s15

2019 FRBSEIF i

iy notemaker

2019.08.19Crah Catch ...
by addolcendo

2019 crab having fish
by notemaker

2019.8.19- 281 fL
by Lu7002189

2019 5K

by notermaker

Game Over:)

2

2019 F$E S B

by noternaker

2019 ball shoot
by notemaker

BERDH—R2019R RN
by sun5625

GAME
OVER

AT
by 107708

4

w2
by 1077086

697

ERAWHK
by devsps2y 2k

2019.08. 208 M A 8
by addolcendo

2019.8. 198 f
by uu7002189

o8

Iz
by 102423

Untitied
by 103394

108 AP HIAR R &



RUHZ R

by dorismew

$REE
by devsps2y 2k

catch
by poem0301

2019 cat having fish
by noternaker

- i )a& :
0z fuhen MEW20190819-181%... 20198 R BMAR
by eaglehsin by demids15 hy sun5625

C " *
& %
S " ”~
R - .
»
» »
HRSESRZR Untitled-3 pig-0819-2
by tsuifen912 by mitchell34666 by darryhow

1080819002
by lusunlin

2019.08.19Cat catch Fish
ly addolcendo

KRR

hy chiuluo

8

2019 racing car --hasic
by nhotemaker

698

108 £E AR R He s



108 AP HIAR R &

108 £ R M= 47¢ KT + SREHBREFT? ©
EErRLANEERE

108 3 #1438 g~ ) E — 1 Scratch#2:838 5 5 w1 1

,{j 33 ¢ 45 ]
ks (351 B0

108#8* 1932 8% 22p (A¥-~2 )t =9pE3rT

o 33 T
Y PR PRy

e LA LY

ik Etim X 39

F GET

LN AR SR

i A R 3L * R ¥ 2 BRR
99% 1% 0% 0% 0%

s A LF S A

fim ik e ¥ LR % S I
98% 2% 0% 0% 0%

i

NS O S

fem i &R ¥ 7 &R ¥ 3 ER
98% 2% 0% 0% 0%

SRR R R e

fem i &R ¥ 7 &R ¥ 3 ER
99% 1% 0% 0% 0%

A REERR S A By M ER?

¥ A * B

o

100% 0%

699



108 LERERR A AL SR
FRiTE#
T 518 52 ¢ https://scratch.mit.edu/studios/25197246/
2019%} T 2{bE I IEE B fE iR |
kK (20) Wik (0) KRR o (0 AME)

ENEE J CJ Allow anyone to add projects

© ® x
| - == ' D
o= =3 ‘
= o=

" = o
FTW0.1234 T2 HERET
by shelly2916 y shelly2916 by shelly2916 by shelly2916

* | The End l

KA BIR2019 #iTRE
by shelly2916 by shelly2916 by shelly2916 bty shelly 2916

WISEER HEAHR HEBEArR WARN
by shelly2916 ty shelly2916 by shelly2916 by shelly2916

E——
¥
B ! - .
AR Bk rER BA e
by shelly2316 ke shelly2316 by shelly2916 bty shelly2916

07- S R Em BRICKBREAK-1 code nemo
by shelly2916 by shelly2916 by shelly2916 by shelly2916

700


https://scratch.mit.edu/studios/25197246/

108 FEHAAR B R
108 #RR=4 ¢ {7 A EHEFBKEFT P o
BERRAKEI Y A AL LN A2 0K

i A

7R E -4 ook o

x;zr 363 B:},:EI‘&

108 # 09 * 24 p (=) ™= 15:40-17:20

Y LR

SHEBESHER < nfpEir/L zif EAR

R A R
% R N ¥ AR EF2HRL
5 4 3 2 1
8. =Y
P 90% 10% 0% 0% 0%
% g
BRITL BB LT SR o RV IEEECRA HP S RS
5 &R
xR - iz &R P S
5 4 3 2 1
2. =¥
e
L 5% 5% 0% 0% 0%
v
7%
e WEIEA
T R S TR U R
RS N = N 3z &R N Y A
5 4 3 2 1
3. =Y
?%m74 " 91% 9% 0% 0% 0%
ek |
e &
-tz ALFT BT
Xk R - A iz ? &R ¥ 2RI
b 4 3 2 |
8. HE
B3 92% 8% 0% 0% 0%
3w
i w

701




108 AP HIAR R &

¥

-

ik 2 #iL 7% ¥ B
5 4 3 2 1
2. fF
ey
o 0 i 4 96% 4% 0% 0% 0%

R AR
F oz

NA L

¥

FEF G R RS T LT fe g BN M R R L RED R kR

feim i R ¥ %R 2¥ 283
5 4 3 9 1
3. HEF
g
AR 90% 10% 0% 0% 0%

SERIEARY

noE

5

HiFgdp 8 8k 2o E2REFLARI-LE AP F AR FESE
USRS RS i § -

- Ly

FRAHe

R
5

%
4

3

*ER
2

¥ AR
1

Lo
ZHh
%
= K
§ o

e

95%

5%

0%

0%

0%

A1)

AN B R R Ik

<%z
5

R
4

¥ 2 %R

2.
EREs
&5

33 =

i
Pl

92%

8%

0%

0%

702




108 £E IR B R He

%R B R ¥ AR ¥ 28R
5 4 3 2 1
91. 5% 7. 5% 0% 0% 0%

703



108 FEHAAR B R
108 #RR=4 ¢ {7 A EHEFBKEFT P o
BERRAKEI Y A AL LN A2 0K

Y e A

JORRE T S E R LR AP S e g A

x;zr 363 B:},:EI‘&

108 # 10 * 01 p (=) ™= 15:40-17:20

Y LR

29 3 M FALTHRA]S LKL E

- L7 7= sﬁi P\ ?*ﬂ%ﬂ
ik R R ¥t AR ESS BB A
5 4 3 2 1
9. =¥
P% i 93% % 0% 0% 0%
%
EEEI AN
e
s, %R ¥ %3 EXEE ¥ 1
5 4 3 2 1
2. =¥
e
L 5% 5% 0% 0% 0%
v
7
ﬁl‘u_
e L
T |ewr e s v aregi s pre
ik & R ¥iL AR ¥ P RE
5 4 3 2 1
3. Ay
?%m,4 " 92% 8Y% 0% 0% 0%
EEET R
e ]
-t T R
X% R - R g * &R 2F¥ 2RI
5 4 3 2 1
9. HFF
£
i 94% 6% 0% 0% 0%
I $
2T

704




108 AP HIAR R &

7
B i B i ¥ a3 22¥ 2 %R
5 4 3 2 1
2. FEF
it
% 156 95% 5% 0% 0% 0%
Pk
R
g |,
T |
R A ¥ %R N S I
5 4 3 2 1
3. GpF
ThE
AL 90% 10 0% 0% 0%
noE
2%
ngp R RARET UL L S B P EAE Y
S BEp AR
) %3 F¥] 7 %4 2¥1EL
5 4 3 2 1
. %
2R
"
‘i ’ 95% 5% 0% 0% 0%
j o
L
HE
g |
s i R ¥ AL ¥ 2 BE
5 4 3 2 1
5.
s
e 90% 10% 0% 0% 0%
Sﬁj :F‘f
DS

705




108 £E AR B AR He

¥ i 4 #iL pad | A¥rAEd
5 4 3 2 1
3. #P
p i e
gAY 90% 10% 0% 0% 0%

706




108 AP HIAR R &
108 & RB= 40 7+ BREHBHEFP T F o
B FBAFE R Y AR L LN AL

Y e A

R S L

x;zr 363 B:"':E‘&

108 # 10 * 15 p (=) ™= 15:40-17:20

Y LR

SHEBESHER < nfpEir/L zif EAR

N Y ET
R A ¥ %R E %
5 4 3 9 1
10. =%
e 96, 2% 0% 0% 0%
%
EEEEa
AR
) %1 ¥ Y] PR
5 4 3 2 1
2. =¥
e
L 6% 1% 0% 0% 0%
v
L
EAS -
ik & R ¥iL AR ¥ P RE
5 4 3 2 1
3 ;:r:s
s 91% 9% 0% 0% 0%
=7 5
E ke d .
A1) e
S RN
s i R ¥ AL 2 ¥ 7283
5 4 3 2 1
10, i
i ’ 97% % 0% 0% 0%
2w
i

707




108 P HIAR R &

EEE

A RS R R

7
%3 R L. gl &R PN
5 4 3 2 1
2. T
it
o o %6 06% 4% 0% 0% 0%
B bl
N
=2 Ei% .
e A
% R AR ¥t AR ES BB A
5 4 3 2 1
3. FHFF
fif??f;? 95% 5% 0% 0% 0%
mF
EEEE
g |0
S gfp Ay
% R %R ¥t * %R ES BB A
5 4 3 2 1
. %
|
‘iii 97y 354 0% 0% 0%
o
e
gj;i SRR G E O REI S EH 0 FH K 47 BRI R DHEY .
s R A ¥ %R ¥ 2R E
5 4 3 2 1
RS
w7
& F
Y F 06% 4% 0% 0% 0%
TR
ol
a'ﬁ»ﬁ[
B4
EEEE
g |0

708




108 AP HIAR R &

kR R ¥ %N 2¥72%R
5 4 3 2 1
3.
pis ek
By 96% 4% 0% 0% 0%

1 fe s

e

=2 Ei%
i

-

709




108 £E AR R He s
10/21/2019

P EA A AL B K 4
~»¥EH

4 HiL L
Mail : t00850@gmail. com

A Pt y.

HEBRL ez

s AR LR ARIHRH 2

s AREEAT 2 AMMNG  BRIAMEE

= SRR AT M

s Rala e A R

CAFREATEL - HEES

R AR SO F RS

ARHBE=RKED
FERM o BRATE

CEB RERR G
CBBRENBETAER

s A dosade sy
CIRER BB MR BRGNS

R 9P | 4R 2008 2

Al P ot A

e

* 44 (content knowledge, CK) :
Ea MBS REMERA
BMAAEEY - FHREME

« #tiz (pedagogical knowledge, PK) 3
BRetpieesy AR @EEk - 2 F - s
AR - FAFRA

HEMH 2 (pedagogical content knowledge, PCK )

A §/7z%i& MEGRE R ITHE RPN

J%n:ﬂﬁﬂ&%ﬁ

=B§Lﬁ“‘$£i‘;ﬁ_‘ﬁ" SETIRIHE - FBA

‘@ﬁﬁﬁﬁﬁgﬂhﬁﬁ-
) TR BEHRARE - LBRLDSAEE 1
ERFRER - DRSBTS -

A8 Pt 4

RS - RREELEE O~ ZWEE -

ARAEEREA

ﬁﬂﬁﬁﬁ#ﬁﬁ$¥

33

Y
)

®

f-/
)

&

B

&y
)
v

=3

B

‘ ‘o)
)
o

&,

B I8 F ¥ F 3E (Developing Problem-Solving Teaching System)

A Pt 4

710



B Fie7k
PR LV E G4 R A BSIE B BEG9ARE BB A K
MR AR M T AR -

MFH - AR DEALE ~FIRALAZNEF R G )

HEL R ES Rt - RE RN - R AR -
QU AR - )

AR T AE AW ¢ B A L HLAYR A A HOAE R BG4 R
B T AU BRI BB T TREE TR R T AR -
HMAER (Hans Freudthal, 1905-1990) 7 M4L4 K

SRR

ORI« Ratonalnumber concets (5.102) ¢ oy M.Behr » R Lesn + T Post & E.Siiver ¢ 1983 » in R. lesn

[ Pt > % M. tandaus (rw - At on of mathematcs conggiiggodorocesces - NY: Academic g
7 8
'71\33( ﬁ'57 % £Z ’\ikab ,t)_ &
s ARARLELE TR SR E ) SRR ORNAS R - R A A
BT - KA - b
*HERAREEFHMORTFA  UNF S EMT K0 IEAN+ u——#n P AR CEA F R E—
NS AU RS TR R R (HE) - cHA F R 5
cHATEES ’ﬁii’@émw SERECF 0 Rk E RARA8 4
 FUHC k8 — 48 2K R MY & LAY &4
S AFHSD TR N M=3 s K AT PR R A0BAH ¢ ii%fnﬂﬂﬁb A F—r R
HFAP: 0> AR E R AR IR+ a——;} a-mi&t&am
‘// BT WS R DER - w g ot st -mrwmmwmw ‘//,f
9 10
PEGRAE AT
-0 N-a-5[=)2 Eh 28 —&Iﬂﬁ#ﬁﬁﬁ%
L (RIE TEASE, - THsm, - TH
L% 28 B3E5IA0 °1B1&}&31Fﬁ%l2
§l§4 o) 3 EROEEST - 7 - MEREE
&z 18-
4 wloﬁ%ﬁgﬂnﬁ’?#m E agmn L,lﬁacﬁmﬁﬂ‘tltt%? wf
B~ A FREES -
ﬁi i A n s A
11 12

711

108 £E AR R He s
10/21/2019




AR L
=

ME-R
SnOSRERES - AL NSARGESE : B - )
SRR - i kR

SHEOT | AR (IR
5)‘9‘%?1%&1&1&#%4

BURLEBNEE -
tivies g

N

~ ST~ ANBEIIORIRE FE R
BRCIEHBRE - SHERMEE

Jﬁ}ﬁa%‘]ﬁ :Iﬂ#’?? N“t_pﬁ(:*(éiéélﬁggiﬂ:ﬂ 2

k
iR
SR iiﬁ%&&ﬁ

EBINDHME

AN AZHSK

g F AR RB IS AE
REFHIRER T ARH—TR
R PRI F AM—TE?

R LG BA - R BHEAER B &S
ABHERE 2

Y LR

< S BAF2100F » FE B ASEA T 5426089 53K

< S BANIBE0L FIKLAAL T AT RN EIHALT AR
ERARD XTI T ~RHERFLEAR (D FH158) -
AARREFE~ O &IED  ATRERGHER - F 7 oo

f @ o
PE S i
Ay - =4 A 7 = T TR
15 16
MRS REA KRB A

s BAMTI04~ 41476 % (ARY & WA T HERMA]
FFGAAZ— AL~ pAZ— - RUBATTR:94 ;i
EREHINL - FEHATRBANL— ML TRBA
P

CALHRMBERR  ~AWREAZEATARINZ~ -

cHBEFRESBRY BT 0 RFFARNAAK—:

LARPEZ— ] 22 QAR F AR 2~

G- #BE)

2. 802~ ] A b2 RRTF 22—

Cfdn- RAARY

F Xt 1-41 AE%E > AXRFEANAHIRARSE

2
II 3=

1T P A

cEBMAAL ARG o #Mes al=13 0 BU=25 0 & YL'=3
¥ ERAR ?{ﬁ‘]#,}.ﬁ#ﬂ—-fhh ' t{#crni!ih‘z*

* WA REIYILN R F AN LR E LG T A (Mohammed
ibn musa Al-khowarizmi » 783-850 ) 9B 4% (LR d4if 3t 9L
B) GRE) BRI B AL SRR e T K3/5
RoBHAE

< KRB REAAPR Leonardo Fibonacei » 1170-1250) 42 53
ST o - 34125 B radices 12 A SR kY

Kiinns Pt A

17

18

712

108 £E AR R He s
10/21/2019




108 £E AR R He s
10/21/2019

1oup =18 =250mi
1/26up=1/24F=125m1

[i_ @ 5 4%3{] Jﬂ 1+‘3’$3& 1/3Cup=1 /38 =80m |
King' s Cross « % ik4F A
ROz ZA 4

Ttbsp  C1KE
1/2tbsp =1/2K% =1 bnl
T -AFE -Sal

1V2gs0 ~1/2K% =2 bml

<
1/4Lup =1/4%86 =1, 26m)

=15al

P Y. A AR A
20
WEURE | BEME | SR | sTES
18" 15 DN6 10MM
14" 2% DN8 12MM
38" 34 DN10 16MM
12" 4% DN15 20MM
314" 64 DN20 25MM
i jad 1+ DN25 32MM
114" 12+ DN32 40MM
3 115" 15+ DN40 46MM
- r 2+ DN50 57TMM 4
22
o8 BB K —

LG I AG 4 S 2RRE - AR ER THRLRIF oS T, -
2. G ANFHBLEGE A £ N

3. £ 2§ A ARSI B (FRA 2 RAMAA)

4. 5815 20 BAALH R A0 #82

5. 30 A S RANA T AR EWET redx -

6. £ A8 E HDAMAK - FHI - LAY FPHOEIYE - PREH

TR TARARTFaR T LARKEREY F MRS -

8. &t B HILE W R F AR MR ERANAAE - SRS - SARSH -
EEE TR S RN ST T8 ST R

10. A sk Fheflisk - FRY - ERBFAL - FHHSMAY AR, FHMZ

R FA PRS-
11 RS R AU A DA AT TSI RSRAUL - Be BT
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13, 408 AR HOL S B R RE 2 S REEAD -

16, 543 E W H4D F IS B E R A SR BRSNS -
BHEOIET LTS RO RE LY -

15, 4B A ARG R RABIIE L BRI -

16, 5838 & B oA TS AR A2 AR S 100 4 2 AR S B I A SRR -
[ A R

17,358 510 © $5100 » 100059248 > Andg LU 4L 2R 8 -
£ /AR MHIHE R GH DR DR

1854 TR AL A ) 6B T A AN SR

19 F F W 0 SN E R E RS § L -

20, ARARLE OB XN - HFRAE -

SR B YR E

S RELBSREERIBE -

CER VIS E B Ah 0 ADE FHAT ALY -

-gﬂ%a\ﬂm@ﬂw‘ﬁ&#m CHE  ARBAMEH
e

CRMELSTRE R B PRBIE) -
AR EMAAFRAIRE L -
S S ES BELE RN PN

s AR A5 A A~ TR -

o b A~ SU PR R AR 4 A Pt A
25 26
BUNENEEY rRPANEEL? s
HHER T
o BRI ﬁj _J— @2 % % {;f 7;‘;\
I
e AN Sy % 1
FoR
o Y HERE
A R
A Py 4 A Pt 4
27 28
¥ 23t 2§ ? ¥ .
Bt @ 23R 23 AR E 2R
3 CERUBE R
1. Which shapes have been divided equally? Mark with a cross
: A Pt A
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6. Divide the shapes into equal parts and colour one part.

[ GE PN

2 parts 4 parts 8 parts
3. Split the shape Into four equal parts. Calour ene fourth I — — ‘
2 parts 3 parts 6 parts

3 parts 4 parts 6 parts

|

e =N A

i =24 4
31 32
el il ngededenddgddddredd B A i SHRY G TR
One-half of the pie | One-third of the pie | One-fourth of the
has been eaten. has been eaten. pie has been eaten. ERERMHER  SWLR SRS - i
|
Ll l
1. Which shapes have been shaded to show one-half? Mark with a cross |
L] [ |
o e N A A e 2% A

33 34

AL 93 NaF R BLE A

. Calour one-half of the balls. How many did you colour?

4 bo 2 |6

ZABERREEA N ORETRIE -
: i BENEETRERS ?
5. Colour one-third of the balls. How many did you colour? 32 fﬂlfi‘ﬁé)ﬁ‘)ﬁﬁéﬂiT * |

3 6

8 10

9 12
WA Pl A A Pt A
45 36
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AL LRI -
LEBBEHFTEERINHMEHMFPOCEZIALAYAE
2.9 31 43R4 X 40 B Rl B SR HOR 35 3] MO 4 3

NBBEHMBOER R LFNAE
EHRBEHFTES
http://tame.tw/old/forum.php?mod=viewthread&tid=103
AT —EEP]  FAFFIGREERAZ ETURRAREZAKRY
il —REFEMELE  MBEECHEERME c FABRBAEE - X
FLEAFoLFMER2A >  Bbr REEETRHUHANELE -
2 2%
— ~ ZEx# (Representaion)
&% | (representation > 3E#& L > 1989) 2 W 4n Bkt & B
BB HER L RATERNEFHUS — A R RFRIbe
MR (XF-BTRBERG) RREGER > BA KM -
Lesh, Post, & Behr (1987)#¢ B8 &9 #L.2: » B o A M AT W(THRH
¥) > BRRABRAEY ~ B - SBEURFR -

£
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B 2.1 &M% E(EAH Lesh » Post&Behr » 1987 » p.34)
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FwEG  BNETUBERTHERYE  BAL TR THE GRS
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AMBAEHEBRAEHA - LA FREEARARBA4 MM
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A AEAH - B ®®®ﬁ;§ 2B A -

BEAB  BFABTPHAGOERR MR odide =1

=, R&23-
HREE BMNEBMLITEHEROXFRAR o 3 HAEFH
TFRAM -

T BEEE

BHLEHBTAS R —RRE - — kT - BREFHE -
BEEREBFAZTT  HEABERGTXHR  FIFAMLER €
HELHTOME  blo A B AR BRS04 BAgEY
HERLUERGTXER  FEHEEE T -  BEAMEChHE
HE -
BRFREBFAZEF > FER—BEROTXEAOIH > Bl
Fo@sF EE R .LEFEABTARY  BERIELRA -
BALT -4%. S5V ATFR-—RGEHOVK ' ANEARE
B FARRATRER  BBAMNBECH BB T - BAHFM -
Wk EBY ARARIMGEY > TUARMNERRER  FTA-4
FEOFRARY > AR LIBOFXEARE  BLRNBEE
R E -

AEZ2E L ARERMNEEEE QPSRBT EAWE > K &
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BEBTCHER IR -
BUERZTPEABAN WA EENLEEE 25T (B

L) BHRARSLELE 2 HBMANSEH R (—KRIBBITEL

Ro_GREEANT  —HRE I X TURERHEME) -

= BESE () NEDFE

ERREBATG /2RO EA XA A 0 AR o P4

A PAR A S ROBMARKIA - Bt s MEFMEERT

wAEEA - A4~ A f PR (FER) MA -

(2 # A (change)

ARG B EMERR  RERAFTGE » HHA (fuA) 55—

ERREINE (XBHME )  HEERR  RMRRAEETE

ARG HEAAATHREHE(XBEALLY) - BARFUHBEY—

M EMARME (RBRKE, start) > WAREENERAXY

¥ (change) REMERBARKLE (RF&ERE,end) > — KM

T mOR)EMBAME R AR A RAIEME)  SEXFRE

HARNABLEE mOR)E (REEXRE  TRERLER M0

3+5=8 ehBlF » MAEANNHETHERUFAGPIA) -

Bl TERERRA SBA RELRIBA AAERLEREE S

A? J"REASBBER LR 3BHRR RAREHMT S EH

R7,EFHSBEARSBERRRRARMEGRELE) 3BANIE
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ARAKRAUGE MSEARSMEHERRARLTE (BRF)-
FEHERE BRI mEfRik B MR Rie s %2 AR 0 5148 A Ao
#l (change add to)Fv 4 7 %! (change take from)

()44 2 (combine)

AR PRRABERGERHFHENEEXIT  AHER2FGE
B XL TG I EROE  ERF T - BN
BEGH ERAAME (part) > MEATHR XL 2IGEHRAERSE
(all) -

Blim THEFEFAISA kA IBAFHERFEVA? ) K&
T b A B3RES AP BAF IS AlkAFS0m? , EFey
FAEIS Afodkch IBAZRIME  HLEEBARRAERE -
G (k% Wfwik» H) (compare)
WRAMBRNERLGZENE  SRELHNBAHLLE
(referent) A tk#: ¥ (compared quantity) o SA“F LuiR K 2 & &%)
AAROFRELEREBROFR W RO FBAHLEE
MR FEBHLBE - A4 BAAHBLEINRBBALES
(difference) -

@2 (F46% ) (equalize)

PR R LLBRBA LB EGRE  OTREMA — LR - g%
BRI @FTA  HARALBR_MELFRAETHRA ° Fldo

iBs
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TNeAK 10 BBk N ER TR M INERSABEREN A
—#%% 7?7

R g PR LR AW R RE LT ERAERA=Z—F (X
o Bl RER v S o hiRD 0 —# %) B BRI
TR LB B LBRE T - LA RS 10 FERALE
o ENTRARLEE  BSABRRALEE -

(=) #EBHRE

EHHREMEEERBRTS /2RO EER (FEFH) £
MR E AR AEA - HE - RS FRARDY (XBME) M
MAREBLSNHRE -

M¥& (X¥F) H(equal groups, equal measures)
FaAMBRAGENNBRE—HE  REQEGETELEMHE - Hlo -
"S- EBFAIEAR (Bag) SELET (Bas) £5504E
BR () ? BT B3@AMNBARMNE SERAEME
(RS5E—8) 2NASDEBAKLE -

LA B ExE BT -

(2)4 B3 (array)

ERAX —BHBAEHLHT] > EOB-FIREEY  OE—ITL
REBHABEN - bl "HGHEEEBG  — A IS A 1 F
128k FRBHRHGEERESZIAT

6=
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(3)% # A (times)

R—HFASLE T RELKSOKABPAHBELM - o * ki
A SIREF > TR RIS 345 HRRARA RIREF 7
(4)te 4 A (proportion)

WHHMETAROBEEZMGMG  AARE—BEREM I
MR — BT R RERAE - Bldo T —RABIEBA TR 8 FRAE AR
#oARBHEBE > TUAARMBARK? T —EHRETA 20 &
REERIE 4 AR BT AR RIRAE KR ?

(5)@#A (rectangular area)

AHRBENFRT > Cho—BHHER - KROEMOZEHE - 4
o T —BEIHBHERANR RRIAR AR BHK
REVFHARY?

6)%F MM (Cartesian product)
HEFTAMRREESURMARGOFES - Sl T HRARHERE
BEHRR  ZHARARIGRT - ~HRBR—H4RTFEA—EEK
H|TUARES DVEABHERR? | B "RTHTHE IHE
o RLHEB|RME A EE D FRARTBANE S DHAEKR?
(=) Wik

FRiEAl £ &5 K &2k (quotitive division) (XA ZK) FESR

( partitive division) ( X#& 2% -F %) °
.
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Laan

BERMAEREAA LN EEFEME  RAEABMH KR I
Mol A ABEBER BSBEIE—MIRK £ T A& KA
MAE?

BEHMERMI-MEMY -

2.¥0%

EFARPBRANACNEENERMH > RBABRER WA -
BlimF 40 BHR > FoESAIMA  BATURILHEBR?E
BAR EeYRik > BAESTR -

BEMBERMB-MEME -

O~ BEES

FHNERTRES B ERORBWOR ~ T ~ BB AR
B RAF(E M BB ARARRE FHEERFFIX
B koA AEBMERE;EH LM -

A~ AR

Gelman & Gallistel(1978)2 A% & £ £ &3t # - FEZAHET 7 2 EM
A

(—) BZ M4 R (the stable-order principle)
BREAFRAREARFHESROBLTREME - RHER » thdn
& 1~2-3...» %% One, two, three,... o & B7 — B 898 $ 69 0B A & 3t

8-
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HYL RGN  AERAFHEET  2EFRAALYIRBHRT
NEAE 12,34, k3t ¥ o RIEBHI—IEF G L ER R L EA B
(=) —9t—& A (the one-one principle)
—H—RAZRETHGE—EHE 0 LA FrE RS — B
—BRR > WRLTAREEY » L5 EHE A RHRT—ERR -
Bl BNEET R —BHHHARA 1 B @0t - BiReA
20 ... HAMtRAEFERAR—BHE 8 > Rt —EEMHK
BH R LREMBEDHCEHE A BRE-H QR R
— A LB B gy -
(=) £B R A (the cardinality principle)
ABBRRELA-EAELB PHERE —BHFFHRERE > WAZE
ABAUKE - Hlo—BELSE SEHH > CHRE —EEHKSHE
RER S A TEEELELAF SEANN - AT CHF—EHETER
MBS MARMAR AR, 2,3 ) B8 EFHGFLFHK
(%8 548> %=M..94) BRIARAGHGESE
B FBOMALAE -AAHBBNERS) AEBATET

o o o 0O 0O o o o o o

0 i 0 1 1 i 0 0 0 0

1 2 3 4 5 6 7 8 9 10
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(=) #& &R (the abstraction principle)
W RRAEGRARERAETOMH » REXTHHGHHERT A 4
FAERRBAGOERT Y REGFH - FLT - CEEBROF
o RETULSH » T -
(&) ¥/ & # A2 (theorder—irrelevanceprinciple)
VR A R R Re 45 A SE B AR BB AR B 0B 0 ST —
BRG#HAL  FREHERE -l R —HNRER » BRR AL
e EREA SR IRE TEM— BRSO  RERFT
A8 E -
I~ UERER
MEBMSHEBRE —EARBLERFTHRRAME  CHERTR - #]
oo FBAGK I BAMBEHR 1 ERAAARFHMER
B AEE 1 REGERRE - RASH | R 1100 > H#
18 —8 - PRsg 1 9 fER 1x10 > K& LB+ - fAE0 1
X 1x1 0 &A1 -
T~ EHNER
IEHEBREANEMICRBINGEM - RO EEBRE NG EMTR
REEA > Fldm > 1048 1 TRER 1B+ > 10B+TREK 1@
B @ 1 BETRIR 108+ 5 — @+ 7T a4tk 10 8 — -
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N~ EXPRREREG

1~ S RNBRSE

82 FMGA (FaHK1992) AN ZEHHAEETX » KES
ARBBEREE  CAERBEELSE AR EARRGMB
(—) A 21124 %32 % (sequential integrationoperations)
EHLERNZERNEHME ], oMb — BA—BERER
(composite units » #l4e : 10 & 16) - EE ML ECEF HHRY
WA e T, M ETREE ARG RE R - Hldo >
SHAESE "1, BN EFLAMENRBRSE > FAFHEIER
HRBEPBERTHE > BOWEE B T, A HEMRBIT
AR AR o

(=) Bii 44 K22 (progressive integrationoperation)
BRAERHEETURA —EAEREM (Hld 1 10K 16) BE
#oBRARMG Tl MBAMUEREM Sl ]l (RRE
fir) AAs SKAER3IM"1 ) ABRI19 (MO EREM) -

(=) 2p 9 —2#:2 % (part-whole operation)
EHmLELHSERYTE "1, i "1, AR EMEORNER
B (flde 0 10 % 100) Ry o—2 M4 > $ LRBMRE > RE
MEL AAAERSEARER SRS HEY (FRE@) B R
FRALFHNER  TURRELEREafHME 1, Eadmb

-11-
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— O WRMAEREM -l REHIMA T+ A3MET—, @R
BI3EARRNER 33 (MYEREM) RA3IE "+ (£
BEM), A3IMT—, 9o RER-

() & 3£ )% (measurement operation)

BEHLEERNEERTE "1 AMGEREM (Hde 1 10 £ 100)
e a—2 MM mARd emEXERVAEREY (Fld
T+) AU ERERAERERERG S —BEHERER (4
1048 T3 > LA TE ) MAFRI—2BM% > LRATUE
REEERER &I —2 M A -

(&) rt#7);2 % (ratio operations)

BEALELH R ETRUREERBMMAGMAAED LR BN
o EARBGUEIEH A ERAETRILARFIZHNBMS > BERK
MEAEBOH R BRFHASUTOTE  HLHAB&ORME
EREM wRAELF G ) BREBE LM% -

-12-
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&~ A& (Fraction) Fah&

— YNBSS

—REHKE (Bl —ERHE) X—EREEE (Flo —2BEH
108) Foréasst Ry —SuRBRe St
RABAME - b “BROTHMBA (T HY) EMF -l K
—EERETFIARSHR B — AR RARATEGEME -

T BUNYAANEY

HATREBETHRIEAIENGY - o EMAMLH - BMFIAEMR
THEABHABSHE A (RH) - ERsBONEH A SR
B4 () ERsEAZHAFERMEY (RE#H) - FIEHA
B

2 8RR (Measurement)
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