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l. Design “WHAT"?

Generic learning activity (GLA):

1 ~ N

Representative Developmental

For learning (Mason & Pimm, 1984)

\ Easy Enjoyable /

Fundamental Principles: Interesting & Having Sense

For instruction (Cheng, 2000)




l. Design “WHAT"?

MGAs, as generic learning activity, aim at...

1. Developing fundamental prerequisite mathematical ideas before they
learn in regular lessons .

2. Constructing references for mathematical concepts through the operation
of manipulable representations.

3. Increasing students’ learning motivation through gamified activity.

Wang, T. Y., Lin, F. L., & Yang, K. L. (2021). Success factors for a national problem-driven program aimed at enhancing affective
performance in mathematics learning. ZDM—Mathematics Education, 53(5), 1121-1136. 23



l. Design “WHAT"?
The framework of designing MGA:

@ recognizing what the target domain of an intended mathematical concept is. (.g.

Representative N ! |
> Metaphorizing 1, prime, composite number)
Developmental recognizing a source domain to embody the target domain which could be

inferred as conceptual metaphors of the source domain. (e.g. points build
rectangles)

®

providing tools which can be manipulated to generate examples. (e.g. Point)
providing goals which can trigger learners’ awareness of the insufficiency of
their emergent conceptions and enact the development of conceptual metaphors.
(e.g. Diagnostic and provocative intervention)

ool |l

Easy —>  Scaffolding

generating multiple task processes and outcomes. (e.g. The records in the game
playing, the naming of the classification)

Enjoyable |——>  Gamifying
generating relevant feedback as tasks evolve. (e.g. Designed worksheets)

e

24



l. Design “WHAT"?

The entry of designing :
1. Problematic analysis :

« Choose topics to reflect the problematic
* Problematic due to

( Inappropriateness of the teaching material, eg.
Teaching dif ficulties,eg. function /[ \
{ Learning dif ficulties, eg. prime number / \
Integrated with ICT, eg. square root number l/ \\
\

25



l. Design “WHAT"?

2. Analysis with the conceptual Field : (Vergnaud, 1983, 2009)

{ S ’ | ’ R }
Situations Invariant Representation
_/\ Multiple representations
Reality ~ Meta-phobia  Natural language
/\ * Enact
Gamifying Story * Iconic

« Symbolic

26



Example: Prime Number

* Representation :
®*  Topic: Prime Number

Factorizing
®*  Problematic analysis : - multiplication
1. The formal definition is too abstract Scaffoldi = formula of r.ectar]:gle ?r'e:la. as.
2. Realistic situation is not available catrolding repre?sentatlon of multiplication
- Manipulable 9
®  Situation : Meta-phobia — Gamifying > Gamifying
® Invariant : No proper factors Entitled with rectangular number game

Initial designer: R. R. Skemp, 1983
Metaphorical Ground

/7 Source Domain 4\
Manipulable Geometric /i Target Domain ﬁ
Object Figure

Metaphorical
Inference

Embodied
Thinking

Paint 1 Point Number

Metapharical

Line

Embodied
Thinking 6 Rectangle (Composite) number

o /

Rectangle

Inference
] t 3 Non-rectangular (Prime) number




Design tasks for understanding, towards competencies (Ruthven
et al., 2009)

Grand theory : enactivism

Designing principles (Intermediate theory) (addressed by facilitator)
* Intrinsic motivation
« Sustaining “a sense of”
« Diagnostic

* Language evolution

28



Design tasks for understanding, towards competencies (Ruthven
et al., 2009)

Design tools/strategies : (exercised by designer in JDM)

* Defining
* Classifying (cognitive or affective)
* Comparing

°* Naming
* Grouping
*  Matching

* Beyond calculation, toward “conceptual” reasoning

* Shifting reasoning modes (induction, deduction, abduction)

*  Applying the tri-elements with respect to each 21st C. thinking skills
*  Crucial questioning

* |somorphic transformation

29



Analogy pervading all of learning issues (Jg# » —IE )

Competencies

Understanding

Productive
Disposition I

Awareness of insufficiency drives the learning process

1. Students’ learning IO

°* Whattolearn? 6 ‘
* Howtolearn? D D © |

| Starter J Sustaining the inter-transition of affect & cognition

lll. Teachers’ learning IV. Educator-Researchers’ learning
*  What to learn? [ ) [ . What to learn?
* How to learn? Representative " * How to learn? /—\
Developmental > Metaphorizing
Easy —> | Scaffolding B Bs§eafé1
Qnun!ation (!n&
Enjoyable |——> Gamifying wg’/

e < e @@

30



Students’ learning



’ [
ll. Students’ learning
Love math Truly better
?
What to learn? Low High Average
« Engagement Interest Performance
* Cognitive
- Affective
« Behavioral (Teacher’s observation) L Don’t feel
ow .
. Mathematics
Confidence
useful

Easier Fully engaged

Lin, F. L., Wang, T. Y., & Yang, K. L. (2018). Description and Evaluation of a Large-Scale Project to Facilitate Student Engagement in Learning
Mathematics. Studies in Educational Evaluation, 58, 178-186.

Lin, F. L., Wang, T. Y., & Chang, Y. P. (2018). Effects of large-scale studies on mathematics education policy in Taiwan through the lens of
societal and cultural characteristics. ZDM—-Mathematics Education, 50, 587-600.

Lin, F. —L. (2018, May). Mathematics Education Reform in Taiwan . Mathematics Grounding Activity as a Driving Force. Plenary Speech at
the 8th ICMI-East Asia Regional Conferences on Mathematics Education, Taipei, Taiwan -



ll. Students’ learning

How to learn?

Systemic

« The learning theory of MGA interactions
learning environment

Tasks Social
evolution context

* Enactivist perspective :

Systemic interactions between
learners, tasks evolution and
social context

Wang T.Y,, Lin F.L,, Yang K.L. (2021). Success factors for a national problem-driven program aimed at enhancing affective
performance in mathematics learning. ZDM—Mathematics Education, 53(5), 1121-1136.

Yang, K. L., Lin, F. L., & Tso, T. Y. (2021). An approach to enactivist perspective on learning: Mathematics-grounding activities. The

Asia-Pacific Education Researcher, 1-10.
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Teachers’ learning



lll. Teachers’ learning

What to learn?

1.Teacher as MGA-learner

v Instruct

(teacher-center strategies to

i Teacher as i Teacher as i Teacher as i Teacher as
° Awa reneSS Of a neW teaChlng approaCh : Designer : Facilitator : MGA-instructor : MGA-Learner
« Awareness of students’ interesting i i i i
2.Teacher as MGA-instructor ' Design . | |
« Practicing MGA, a new approach |y fecltate | i

Engage

student-center strategies) v

3.Teacher as Facilitator

- Communicating teaching o Rt Students (Teachers)

« Pedagogical communicator t Reflection
4.Teacher as Designer Reflection

« Diagnostic teaching Reflection

« Becoming an “expert” teacher, consultant Reflection

textbook editor



lll. Teachers’ learning

MGA

Educator

Researcher

* Designing w.s.
* Facilitating w.s.

How to learn? * Co-planning w.s.
* Four-stage, transformative : mﬁﬁ'ﬁ'iiinps

— e S
EEEE._ It MGA-learner /

—

Lin, F.-L., Yang, K.-L., & Wang, T.-Y. (2016, July). Transformative cascade model for Mathematics teacher professional development.
Paper presented at the 13th International Congress on Mathematical Education, Hamburg, Germany.

Chang, Y.-P., Lin, F.-L., & Yang, K.-L. (2020, February). A Mathematics Teacher’s Learning in Design-based Research: The Brokering
Supports through Different Collaborative Groups. Paper presented at ICMI Study 25, Lisbon, Portugal



lll. Teachers’ learning  : A specific case

What to learn?

* The principles of designing conjecturing tasks (Lin, Yang, Lee, Tabach & Stylianides, 2012)

« Goal oriented observation
« Construction

* Transformation

« Reflection

How to learn?

* Lee, E.J, Lee, K. H., & Park, M. (2019). Developing preservice teachers’ abilities to modify
mathematical tasks: Using noticing-oriented activities. International Journal of Science and
Mathematics Education, 17, 965-985.

Lin, F. L, Yang, K. L., Lee, K. H., Tabach, M., & Stylianides, G. (2012). Principles of task design for conjecturing and proving. In G. Hanna
& M. de Villiers (Eds.), Proof and proving in mathematics education: The 19th ICMI study (pp. 305-326). New York, NY: Springer.
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Educator-Researchers’
learning



IV. Educator-Researchers’ learning

( Power N
________________ e
I Fundamental : I Measurement :
Learning Theory | 1.Knowledge | | 1. Connection |
, ) | 2. Skill | | 2. Communication |
* Students’ mathematical power | 3 Attitude || 3.Reasoning |
U B A R
* Teachers’ pedagogical power
. |
* Educators’ educative power | Field of performing: |
! Problem-solving |
. J

Yang, K. L., Hsu, H. Y., Lin, F. L., Chen, J. C., & Cheng, Y. H. (2015). Exploring the Educative Power of an Experienced Mathematics
Teacher Educator-Researcher. ESM, 89(1), 19-39.

39



IV. Educator-Researchers’ learning

Mathematical
pedagogical | power
educative

—_—_———— e — — —_—— e —

Practice

=

Communication Connection
Reasoning

Research

Yang, K. L., Hsu, H. Y., Lin, F. L., Chen, J. C., & Cheng, Y. H. (2015). Exploring the Educative Power of an Experienced Mathematics

Teacher Educator-Researcher. ESM, 89(1), 19-39.



IV. Educator-Researchers’ learning

What to learn?

* About tasks designing
1. Specific design strategy
«  Transformative
* In particular to in general
Theory in practice

* About designed tasks
1. Criteria of evaluating products
2. Theory in practice

* About TPD 7
1. Approaches of facilitating workshop
2. Theory in practice

* About the development of competencies in educative power, such as reasoning, communication,

connection
1. Among the variety of principles of instruction & learning, how to argue and optimize a
simple one?

2. Theory in practice

Yang, K. L., Hsu, H. Y., Lin, F. L., Chen, J. C., & Cheng, Y. H. (2015). Exploring the Educative Power of an Experienced Mathematics
Teacher Educator-Researcher. ESM, 89(1), 19-39.

41



IV. Educator-Researchers’ learning

How to learn?

* Self-learning on exercising new approach (ref. activity theory) on facilitating TPD

* Dialogue between educator-researchers based on elements in cascading model: goal, theory,
structure, content

* Dialogue during the workshop among teachers and educator-researchers through the
elaboration of competencies, reasoning, connection and communication, in educative power

* Analysis, induction and elaboration during the evaluation of teachers’ product

* Journal paper writing on reporting the designing workshop

* Evaluating the program internally and externally

Chen, J. C,, Lin, F. L., & Yang, K. L. (2017). A Novice Mathematics Teacher Educator-Researcher's Evolution of Tools Designed for In-
Service Mathematics Teachers’ Professional Development. JMTE, 1-23.

Lin, F. L, Yang, K. L., Hsu, H. Y., & Chen, J. C. (2018). Mathematics teacher educator-researchers’ perspectives on the use of theory in
facilitating teacher growth. Educational Studies in Mathematics, 98(2), 197-214.
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IV. Educator-Researchers’ learning : A specific case

How to learn?

e Teaching video as a means of pedagogical communication

How to learn?

* Editing and producing teaching video

( * ) Elementary School Teaching Video List - https://www.ime.ntnu.edu.tw/index.php/en/en-v-e/
( * ) Junior High School Teaching Video List > https://www.ime.ntnu.edu.tw/index.php/en/en-v-j/

43
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conclusion



conclusion

Research issues are
everywhere
for all learners

e Students
e Mathematics teachers
e Educator-researchers

under the settings of designing workshops.
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