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Abstract

This paper aims to design three online and classroom programs which focus on deep
learning of high school mathematics and physics subjects, with the foundation of three
levels of Bloom’s Taxonomy: understand, analyze and create. A design of learning
tasks and scaffolding for classroom and online in-depth learning support that targets
deep understanding as the first program and a design of thinking tasks and scaffolding
for classroom and online problem-solving support system that targets at analysis and
applications as the second program as well as the third program that designs action
tasks and scaffolding aiming at knowledge innovation. Experienced teachers,
technology experts, and pedagogue work together striving to help learners deepening
self-learning and cooperative learning, encouraging motivation and improving system
thinking ability. With on-going experiment in schools, the comparison data of
experimental class and control classes on average scores and number of top-ranking
students of midterm and final exam have shown the improvements in students’ deep

learning.

1. Introduction

With the development of internet technologies such as artificial intelligence and big
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data, Chinese education is exploring new rules for talent training that meets the
requirements of social development in the new era. The focus of school information
teaching reform and enterprise education information research and development are
promoting from internet education to artificial intelligence education and applying
information technology to build a platform such as smart classroom, MOOC, flip
classroom.

At the practical level of the school, in order to cultivate students’ core literacy, the
teaching method have also changed. The use of information technology to support
student-centered teaching methods have gradually become dominant. However, in the
mathematics and physics disciplines of junior high and high schools, especially in the
high school stage, due to the substantial volume and difficulty of subject content and
robust knowledge system, the teaching scaffolding provided is mainly to provide
content support on the shallow goals in the “remember” of Bloom’s Taxonomy. There
are very few programs that can provide support for Bloom’s high-level goals in terms
of “understand”, ‘“analyze” and ‘“create”. When students’ self-exploration and
independent thinking actions encounter obstacles, if there is a lack of expert-level
knowledge system and supports for constructing knowledge system, in the process of
solving complex problems or practical problems, without the scaffolding of
independent exploration, guidance of thinking and feedback in the process of solving
complex problems, students will in results being affected in the action of deep learning,
the desire for active exploration, and the increase in learning interest and ability.
Teachers will also tend to return to the traditional teaching mode in order to maintain
the teaching effect and complete the teaching task, thus they may give up the student-
centered approach. The fundamental reason is that the traditional mode will make the
learning get better before it gets worse.

Our goal is to engage teaching design and information technology to more effectively
support the student-centered teaching mode, to support students’ in-depth learning and
thinking in mathematics and physics, and to improve their performance through the
cultivation of thinking ability. By finding a small but effective high-leverage solution
that helps students transform the learning style, we hope it can not only develop
thinking ability, but also improve learning performance. The solution would also
support students in actively learning, releasing learning interest, and promoting
students-centered learning.

The overall design of the project adopts the systemic holistic principle and dynamic
evolution principle, focusing on the basic characteristics of subject content and
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thinking system, such as integrity, relevance, hierarchical structure and time series.
The project takes constructivism theory as the basic guiding ideology and applies three
instruction methods: scaffolding instruction, anchored instruction and random-access
instruction which are developed from constructivism theory to carry out our online
and classroom project design and research.

2. Overview

This paper discussed three programs designed in the system. All three programs target
at high school mathematics and physics disciplines with the support of Bloom’s
Taxonomy: “understand”, “analyze” and “create”. Each program that is designed with
an overall task and scaffolding to support learning contains a classroom action plan
and an online intelligent learning application. This will support students conduct in-
depth active learning, cooperative learning, improve system thinking ability and
encourage students’ learning motivation. Throughout the learning process, this system
can be used to help learners deeply understand the learning content before class,
improve the communication efficiency of group cooperative and teacher-student
interaction in class, and the system can also support problem solving, reflection,
expansion and application (table 1&2). The three programs can be combined flexibly
and adaptable to various forms of teaching and learning.
Table 1. Overall design of the system

Overall . . Dynami
Purpose vcra. Static Perspective i .C Feedback
Perspective Perspective
. Give analytical From global to lo'cal,
. Teachers design . systemize the entire |Communicate  target
Cultivate core . exploration tasks
. chapter/subject ) task before structure. Provide
literacy and key and scaffolding to . ; 3
s knowledge . performing local immediate feedback on
. abilities. Support . |specific concepts,
Instructional . system according tasks. Increase errors related to
Desi self-learning, to curriculum facts or procedure complexity and
. cooperate learning. structure and in math and vari: GtZaduall ex'peCted mO('iel.
Teacher-students .. physics fromall |, Y- Y [Stimulate learning
X K objective and R Rk increase the motivation. Provide
interaction .. angles in variety .
Subject ldeology Ways dlfﬁculty of feedbacks on the types
Y meaningful tasks.  |of knowledge required
for  expert skills.
. . . . L Provide feedbacks on
U.se mforrnatlon. techpology to make teax?hmg design .soluhogs u%telhgent, expert  skills  and
. |visual, and provide timely feedback to stimulate learning motivation. The overall
Programming . . . . . . methods.
perspective of instructional design, the static perspective, the page layout under
dynamic perspective and the interrelationship of multiple pages are realized.
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Table 2. Overall classroom activity design

Step 1: Unit design and Class schedule

Unit teaching objectives, Unit bidirectional breakdown, Unit status, role, focus.

Unit content scaffolding: 1. Content structure diagram 2. Unit mind map 3.design a hierarchy of

concepts or summaries.

Unit Focus and Difficulty: 1. Key learning nodes and learning condition analysis 2. Difficult

points or task to break through and scaffolding.

Unit teaching strategy: Teaching main line, Analysis of teaching method, Information technology
support

Step 2: Section or Lesson Design

Content structure diagram.

Target difficulties and focus points.

Thinking and exploring tasks and scaffolding: Analysis, comparison, classification, analogy,
generalization, induction.

Question strings, task strings and scaffolding for designing exploration. Situation or problems
that drive exploration. Promote in-depth understanding. Critical thinking and reflective questions.
Example string design.

Step 3: Unit target detection. Reflection and metacognitive tasks.
Step 4: Reference answers

3. Programs

The first program is based on constructivism theory and the refined theory of Regulus.
The program adopts the cognitive apprenticeship method, the six-level thinking target
method (Anderson’s Bloom Taxonomy), design learning scaffolding (thinking task,
content and methods) and feedback loops. The learning scaffolding is built by the
knowledge network from subject expert, providing guidance and feedback to learners.
The scaffolding can also be used to support learners to deeply understand the
connections and structures between mathematics or physics concepts which will help
learners analyze concepts from multiple perspectives and different methods to master
structural thinking.

The project design adopts the Random-Access Instruction method which emphasize
that the same teaching content should be presented in different time, situations for
different teaching purpose in various ways. This method would develop thinking
training method to support learners achieving Bloom’s high-level learning goals.
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Table 3. Goal and design of the first program

X. Cheng and X. Yin

Procedural, and
Meta-cognitive
knowledge

reasoning, judgment

Goals Designs
Knowledge Cognitive L. . .
Dimension Dimension Thinking Tasks Scaffolding Programming
Understand learning Level 1: Goal
L. . ~|Two- breakd
Remember |objectives and outline F:;Zi:,azotzz en;i‘:: Level 2: Knowledge
knowledge € Outline
Level 2: Knowled,
Analysis, comparison, [Build unit knowledge map eve. owledge
: . Outline
Understand |classification, analogy,|based on global system
o . . . Level 3: Structure
generalization, induction perspective .
Inquiry
t level map Level 3:
Analysis, comparison, Concept level . and cvel 3: Structure
classification analo Mandala Analysis table. Inquiry
Conceptual, Analyze L . 8y Analyze, compare and Level 4: In-depth
generalization, induction,

analogize scaffolding for
complex knowledge.

Inquiry and Systematic
Thinking

Apply

Experiment design.
Exploring theorems and
laws

Give context or problem of]
driving exploration based on
dynamic perspective

Evaluate

Rethink
underlying the
process

principles
reasoning

Question strings that promote
critical thinking and reflection

Level 5: Reflection and
Summary

Create

Build knowledge map, discover connections of knowledge.
Looking for a new perspective on reasoning.
Analytical framework for designing complex knowledge

Applicable time

simultaneous or asynchronous learning of pre-class, in-class, after-school as well as

new courses.

Applicable learning situation

personalized learning, active learning and collaborate learning
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Figure 1. Online learning application

The foundation of the second program is constructed by the Procedural Knowledge
and Metacognitive Knowledge in Anderson’s Bloom’s Taxonomy, as well as the higher
order thinking abilities (Apply, Analyze, Evaluate and Create) in the Cognitive
Processes. Meanwhile, the design refers to the teaching theories in Zankov’s Teaching
and Development, G. Polya’s thinking in How fo Solve it and Mathematical Discovery
and the TEC (Target — Expand — Contract) process in Dr. Edward de Bono’s CORT
Thinking. The program designs a series of interrelated thinking tasks for challenging
problem-solving process of high school mathematics and physics and adopts the
problem-solving ideas from subject experts as scaffolding.

The main task of the program and the teaching scaffolding include designing a thinking
map consisting of a series of thinking objectives, problem conditions and deriving
conclusions. From a system perspective, the overall idea is visually and dynamically
presented, and dynamic small step feedbacks and active thinking opportunities are
provided to learners. The program realized the function of intelligent cognitive tutor
and provide learners with opportunities, incentives and guidance for active thinking
and reflection.
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Table 4. Goal and design of second program

Goals Designs
Knowledge | Cognitive s . .
Dimension | Dimension Thinking Tasks Scaffolding Programming
Reading Level 1: Reading

Leve 2: Analyze and

Provide a topic analysis .
understand a topic, re-

Analysis, Synthesi
nalysis, Synthesis framework

express

Analysis, Synthesis, Comparison, |, .0 1 odel building|[Level ~ 3:  Model

Understand i izati
Procedural Abs&achqn, Generalization, framework building
Analyze |Construction
Knowledge Appl
Metacognitive PPy Analysis, Synthesis, Analogy,|Provide subject expert
Evaluate o . s .
Knowledge Association,  Deductive  and|thinking map and series .
Create |. . . . Level 4: Exploration
inductive reasoning, Judgment,|of thinking goals. Explore
Evaluation feedbacks of each step.
Level 5: Normative
Induction, Synthesis expression,  thinking
development
Applicable time simultaneous or asynchronous learning of pre-class, in-class, after-school as well as
new courses.
A'ppll.cable learning personalized learning, active learning and collaborate learning
situation

The third program is currently designed only for classroom activities of deep learning
and thinking. The Program refers to the upper four levels of Bloom’s Taxonomy’ and
sets six roles. These roles are independent problem-solving explorer, comprehensive
thought analyst, proposition members, deep learning program designers, “Future
Scientists” and “Future Engineers”. The program is designed to support thinking tasks
and scaffolding for the six roles according to the core literacy of mathematics and
physics, the evaluation criteria of college entrance examination and the cognitive task
analysis theory. The overall design is below as Figure 6.

This program is the application for learners based on learning experience of program
1 and program 2. This program supports learners to integrate, reorganize and reflect
on the inherent logic of knowledge evolution, create new connections between
knowledge, form structured expressions and present their own problems or real-world
related issues. In this process, learners will actively contribute wisdom and thus
achieve the goal of learning in creation.
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Table 5. Goal and design of the third program

Goals Designs
Knowledge Cognitive
Dimension Dimension

Roles Thinking tasks Scaffolding

Select a topic, write a detailed answer

Independent Problem-solvin,
P . process. Make multiple solutions and reflect| . . g
problem-solving . thinking reflection
on answering process to form a personal task
explorer framework

result report.

Integrate the answer process of each from
Compre-hensive [above and mark the person. Perform
thought analyst [metacognition  thinking using  multi-
dimensional thinking task analysis framework
After members’ discussion, select or

Multidimensional
task analysis
framework

Pro-position Proposition two-

Procedural Apply members compose a topic with a story or a real-life way breakdown
Knowledge Anal background to form a group results report
Metacognitive (;lrantf:e Learning
Knowledge . . . experience of]
deep learning|Based on learning experience of program 1 1 and 2
program and 2, design visual thinking tasks and program - an
. . . Mathematics and
designers learning scaffolding . .
physics  subjects
core literacy
“Future Propose driving problems, conduct research,
Scientists™ write research reports and communicate.
w Base on design thinking approach, identify
Future .
. . research projects, conduct research and make
Engineers
products.
Applicable time Self-defined timeline

Applicable learning situation | Active learning, cooperative learning

4. Test & results

Learning outcome data is a basic manifestation of teaching effectiveness. Students’
learning outcome data analyzed in this experiment will verify the effectiveness of the
three classroom activity designs for learning interventions.

The experimental data comes from six classes in the first year of a high school in
China. The total number of students is 296. One of the classes was selected as an
experimental class totaled 46 students. The rest five classed are control classes with
an average 50 students per class. The junior high school graduation level test results
of the six classes are basically the same in mathematics and physics subjects. That is,
the average grade percentage is the same as the percentage of students in each test
segment.

In this paper, we will only discuss the comparison data between the experimental class
and the top two best-performing classes, which we named control class 1 and control
class 2. The time span of the experiment is one semester: September 1%, 2018 to
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January 27", 2019. During the data collection period, the mathematics and physics

X. Cheng and X. Yin

scores of the mid-term and final exams together with the entrance examination were
selected as the analysis data. The analysis will mainly focus on the comparison of
average scores of the three exams for mathematics and physics, and the number of
students in each of the three class who rank in top 10, top 50, top 100 and top 200 of

mathematics and physics in each exam. Detailed numbers are shown in the figures

below.
AVERAGE SCORE COMPARISON OF THREE CLASSES
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Figure. 2 Average score comparison
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Mathematics Ranking Comparison
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Figure. 3 Mathematics ranking comparison
Physics Ranking Comparison
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Figure. 4 Physics ranking comparison

From the data we collected and through comparison of average scores and top
rankings, we validated the effectiveness of the intervention through the above two sets
of comparison data of the three classes. The stability of the measures was validated by
the average scores of the two exams in the experimental class and the number of people
ranking top ten in the grade. At the same time, the effectiveness of the intervention
measure is also validated as the change of the average and rankings of the experimental
subjects (mathematics and physics) and non-experimental subjects in the experimental
class. In summary, the three programs have reached Bloom’s three levels of
“understand”, “analyze” and “create” through support for constructive, active learning
and deep-thinking processes.
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5. Summary

This paper integrates subject content, teaching methods and information technology
and designed programs with guidance and feedback by experienced teachers,
technology experts, and pedagogue. The three classroom activity designs passed the
semester experiment and verified the effectiveness of the program from the data
analysis of students’ achievement. Currently, the online programs are still in test
phase.

Three classroom activity designs can be applied to all forms of learning. Students can
actively study before class, in class and after class, and the interaction between
teachers and students can be improved. The two online programs have made up for the
effectiveness of classroom activity programs to support personalized learning, and also
solve the problem that the classroom activity programs cannot synchronize the
learning process in time.

The online programs currently still need to be upgraded and improved in order to better
support the inputs from teachers and students. There also has a need to improve the
level of intelligence, the fun of gamification, the diversity of expressions, adaptability
and interactivity.

This program will be in the process of practice, with feedbacks from students and
participation in design, content and program iterations. On the basis of upgrading the
application and accumulating data, in the repeated iterations of design,
implementation, evaluation, redesign, re-implementation and re-evaluation, the
optimization and improvement of the solution are realized.
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