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Designing the Instructional Framework and Cognitive Learning
Environment for Artificial Intelligence Education through
Computational Thinking

Seungki Shin
Computer Science Education, Mary Lou Fulton Teachers College, Arizona State University

ABSTRACT

The purpose of this study is to design an instructional framework and cognitive learning environment for Al educa—
tion based on computational thinking in order to ground the theoretical rationale for Al education. Based on the literature
review, the learning model is proposed to select the algorithms and problem-solving models through the abstraction
process at the stage of data collection and discovery. Meanwhile, the instructional model of Al education through com-—
putational thinking is suggested to enhance the problem-solving ability using the Al by performing the processes of
problem-solving and prediction based on the stages of automating and evaluating the selected algorithms. By analyzing
the research related to the cognitive learning environment for Al education, the instructional framework was composed
mainly of abstraction which is the core thinking process of computational thinking through the transition from the stage
of the agency to modeling. The instructional framework of Al education and the process of constructing the cognitive
learning environment presented in this study are characterized in that they are based on computational thinking, and
those are expected to be the basis of further research for the instructional design of Al education.
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solve kinds of problems now

An attempt will be made to find how to
make machines use language, form abstractions
reserved for humans, and improve themselves.
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<Table 1> Al Education Curriculum in China

School Grade
Kindergarten K

Main Contents

Become familiar with Al

Discovering the Al

Recognizing the Al
Utilizing the Al
Creative Al
Al making

6 Expanding the Al
Middle School — 1-3
High School 1-3

Elementary
School

Ol || Do | —

Designing the Al model
Extending Al technology
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ARTIFICIAL INTELLIGENCE (Al) Artificial
Intelligence

Programming syslems Lo perform lasks which usually
require human intelligence.

Machine
Learning

MACHINE LEARNING (ML)

Training algorithms o solve tasks by pattern recognition
instcad of specifically programming them how to solve the
lask.

DEEP LEARNING (DL) DeeP
Training algorithms by using deep neural networks with Learning
mulliple layers.

3% Quantib

<Fig. 2> A schematic overview of Al, ML, and DL[29]
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<Table 2> Guo(2018)’s seven stages for Al[9]

Gathering Data — Data Preparation —
Choosing a model — Training — Evaluation — Parameter’
tuning — Prediction
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thought

processes involved in formulating problems and

Computational  thinking is the
their solutions so that the solutions are
represented in a form that can be effectively

carried out by an information—processing agent.
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o AFH G wAL A7EA ] CSTA(Computer Science
Teachers Association)& AZE w52 Hulapglel
A FJTE kar mHAsE dieishy] fek =89S 7)E
ol7] 9&te] ofge] <Table 3>3 22 Computational
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FE wFsg o]z e sheH18][19][26]034].

<Table 3> Computational Thinking Model from CSTA

Stage Definition

Data Collection The prgcess of gathering appropriate
information

Making sense of data, finding patterns, and

Data Analysis . .
¥ drawing conclusions

Data Depicting and organizing data in appropriate
Representation graphs, charts, words, or images

Problem Breaking down tasks into smaller,
Decomposition manageable parts

Abstraction  Reducing complexity to define main idea

Algorithms & Series of ordered steps taken to solve a

Procedures  problem or achieve some end.
. Having computers or machines do repetitive
Automation ;i
or tedious tasks.
Representation or model of a process.
Simulation ~ Simulation  also  involves  running
experiments using models.
Parallelization Organize resources to simultaneously carry
out tasks to reach a common goal.
A7e] AedE AFEASS g wAb FAl9 w|

] @A7F 9o CAS(Computing At School)Z %3]
Aol diel Aol Alde] o]FoiA L Qdrt
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<Table 4> Computational Thinking Model from CAS

Stages Definitions
Logical Predicting and Analysing
Reasoning
Algorithms  Making steps and rules

Decomposition Breaking down into parts

Abstraction  Removing unnecessary detail
Patterns and . . e
o 1
Generalization Spotting and using similarities
Evaluation = Making judgements

w2 odat BT Wing(2006)¢]  Computational
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<Table 5> Difference of Process for CT

Country Process
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<Fig. 6> Framework for Cognitive Process of Al
education based on Computational Thinking
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<Table 6> The Framework for Al Learning Model through Computational Thinking

Computational Thinking

Artificial Intelligence Learning Model

Model Rao(2005) Shih(2019) Guo(2018)
Data Collection Gathering Data
Data Analysis Experiencing

Data Preparation

Data Representation Pattern Recognition
Problem Decomposition Parts-Whole Analysis Decomposition
Reflecting

Abstraction Compare and Contrast Abstraction

Choosing a model
Algorithms & Procedures  |Decision Making Algorithms
Automation Training

Casual Explanation Generalizing Evaluation

Simulation

Parameter tuning
Parallelization Prediction and Generalization Applying Prediction
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