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Abstract— Recently, artificial intelligence has become more prevalent due to the combination of more data, faster processing power,
and more power ful algorithms. Al technology has been introduced into almost all industries and is also affecting the education sector.
The objective of this study was to explore Al topics through an analysis of literature related to Al education for grades K-12 and
provide implications for the composition of a system for Al education. For this purpose, 27 materials released at the 2018 and 2019
Al4K 12 Symposiums were collected. Besides, artificial intelligence integration across subjects and artificial intelligence curriculum
published by CBSE of India were collected for analysis. The frequency of words, word cloud, and topic modeling was performed for
each collected document. According to the analysis, content on the necessary future direction for Al education and introductions to
educational tools wer e extracted from the 2018 symposium, wher eas the 2019 symposium contained mor e concr ete discussions on how
to conduct Al education in schools. Meanwhile, content involving the principles of integration for how to integrate Al with other
subjects and Al-based teaching and lear ning methods wer e extracted from Artificial Intelligence Integration Across Subjects. Finally,
Artificial Intelligence Curriculum covered the theories and principles of Al. This study has significance in that it analyzed how much
discussion about Al education is being conducted in K-12 based on topic modelling and suggested future directions for Al education.

Keywords— K-12 Al curriculum; Al curriculum; topic model; topic analysis.

The Al4K12 Initiative in the United States is providing an
[. INTRODUCTION infrastructure for K-12 Al training by developing Al

Patterns obtained by processing vast quantities of data ar urriqulum guid.elines, building repositories fpr teaching, ar_1d
used to derive new knowledge or present methodologies in€arning .r_natenals fc_>r tgachers_,, and creating collaborative
various fields. According to Gartner's 2019 CIO Survey, the communities [6].' Chlna IS ma!qng systematic efforts at.the
number of firms that adopted Al in the workplace increased national level, including issuing Al textbooks, operating

o .. pilot schools, and cultivating teachers [7]. Through the
by 270% over the past four years [1]. This is because Al isP! X . .
used to efficiently solve numerous problems that were Central Broadcasting Board (CBSE), India published the 9th

previously left unsolved [2]. Based on its potential to Erade Agtifli;:_ial IntzlligeAncei) Cgrriﬁulun: 3nd '?‘I Inthegrzt_io_nl
provide tremendous value across a variety of fields, the cross Subjects [8]. As basic knowledge for the digita

utility of Al is increasing as a national growth engine [3]-[5]. so<_:i_e'Fy, _Japgn deﬁned “mathematics, qlata s_cience, and
Education is one such field, in which discussions on how to art|f|<:|<_';\| mtelhgenc_e as standards for n_atlonal literacy and
reflect Al from the perspective of fostering talent have established _ezdgqatlonal go_als for these fields [9]. . .
begun. Though Al was recognized as a field of higher Though individual nations have proposed, including

education as it involves specialized knowledge, its scope haseducatlonal content for Al, they have not co_mposed a
recently expanded to K-12. concrete content system. In contrast, an educational system

for curriculum guidelines, teaching and learning materials,
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and the like has been created through various collaborativestudy extracted topics from Al-related documents for K-12
projects and is sometimes distributed to schools throughusing NMF-based topic modeling. The topics extracted from
textbooks. Unlike other content, though numerous countriestopic modeling can help determine what topics should be
agree on the necessity of Al education, there are fewtaught in Al education, thus contributing to providing
documents that systematically and concretely present whatirection for topic composition.
knowledge should be taught to what level in the curriculum.
As education is based on curricula, the objectives, methods, IIl. MATERIALS AND METHOD
and levels of Al education must be established to concretize
the educational content [10].

This study aims to explore topics related to Al for K-12
and provide implications regarding the composition of a
system for Al education. To achieve these objectives, this

The following procedure was conducted to analyze Al-
related topics and explore meanings through the
relationships between terms.

[ Lowering ] [ Lemmatization ]

— ‘ [ Word Frequency + Word Cloud ] -
. Stop words : Key word visualization
Numbers, special characters,

punctuation marks and so on “ [ Topic Modeling based on NMF ] - -
Input : . 1

Document Data Preprocessing Data Analysis

Topic Extraction
Fig. 1 Research procedure

A Data Collection education, and curriculum. There were eight published

. . . materials in 2018 and 19 in 2019, totaling 27.
This study collected documents provided at the national  gacond.  this study collected data from Artificial

level or by credible institutions. First, data published at the Intelligence Integration Across Subjects (AlIAS), a
Al4K12 symposium was collected [11],[12]. The 2019 4,0 ment published by CBSE in India for integrating Al
symposium had a wider variety of topics than the 2018 i, eqycation. Rather than direct knowledge of Al, this is a
symposium. The 2019 symposium involved dlscu35|_0ns ONguide for teachers in various subjects to use Al in the
the use of STEM education from the perspective of cjaqqroom to maximize learning effectiveness. Third, this
convergence. Also, it deals with the necessity of Al g,y collected as in Table | from the Artificial Intelligence
education as a field of CS, primary contents of preparing Al ,rriculum (AIC) for 9th grade, published by CBSE in India.

TABLE |
CONTENTS BY DOCUMENT

Category Contents

What is the "Al for K-12" initiative?

Al for K-12: Converging agendas

Al programming by children

Towards early Al for preK-2nd grade

Al and society

What to think about machines that think?
What can kid in grades 3-5 do?

- What can kid in grades 9-12 do?

2018 Symposium

Al4K12 Initiative Update

From Computational Thinking to Computational Action

All means All

An Interdisciplinary Approach to Bring Al into Existing Curriculum

A High School Student's Perspective on Artificial Intelligence Education
Barriers to Convergence with Al in K-12

Empowering Educators to Teach Artificial Intelligence

INSPIRE CS-Al

- K-12 Al Outreach in Higher Education

STEM-based Al education in professional development for K-12 teachers
Building a Research Foundation for K-12 Al Education

Computing in English Schools: Lessons to Learn for Al education
Integrating Ethics into K12 Al Learning Experiences

Bringing Al to K-12 Education via Global STEM Classroom

CS in K-12 and supplement

What do you meme?

« 30 Minutes to Introduce Al to Kids

» Teaching Al in K-12

2019 Symposium
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« Conversational Artificial Intelligence Development Tools for K-12 Education

- An Introduction to Artificial Intelligence
AllIAS - How to Integrate Al in School Teaching— A Call to Teachers
- Al Integrated Activities — Exemplars

- Conceptual Framework

- The Al Curriculum

- Unit 1: Excite / Relate / Purpose / Possibilities / Al Ethics

- Unit 2: Al Project Cycle / Problem Scoping / Data Acquisition / Data Exploration / Modelling
- Unit 3: Neural Networks

- Co-Curricular Activities

AlC

e accurately represent partial information of the original data
B. bata Preprocng ) [17]-[20]. The NMF-based model has fewer parameters to
A preprocessing step for removing words unnecessary forgg|ect than the traditionally used LDA, making it easy to use.
semantic analysis is needed to select meaningful words iny is giso fast due to the small number of calculations [20],
the data analysis. By using the collected unstructured data[21]_ The processing procedure for NMF-based topic
prepossessing was conducted through the following yoqeling are select k topics to the cluster and generate
procedure. First, 31 materials were converted to a COrpusatrix A using n corpora generated from n documents. m is

after which uppercase letters were normalized to lowercas@na number of unique words among all words. Matrix A is
letters. Second, various forms of words derived from the ¢pown in ).

same meaning (different tenses, singular vs. plural, etc.)

were converted into one headword. Third, content that A= prem 1)
frequently appears in sentences but does not greatly o=

contribute to analysis (numbers, special characters, pronouns,

- Through NMF application, it is decomposed into non-
repositions, names, and name of places) were removed. ) . .
brep P ) iegative semantic feature matrix (NSFM) W and H. The

objective function (3) is learned to obtain the minimum

this study is shown in Tabl&. .
value. r is generally set to a value smaller than m or n, and

TABLE Il the size of W or H is set to less than that of A. The
WORD COUNT BY DOCUMENT decomposed H row is interpreted as k topics for each term in
Cateqory | Total word count After pr epro@ng the corpus vocabulary.
Total word count | Uniqueword count
2018 Symp. 4,788 4,287 503 A= WH (2)
2019 Symp. 20,014 18,134 1,447
AlIAS 37,145 35,803 1,875 _ _ ) mon r .
AIC 21,118 20,416 1,113 O WH=|A-WH| %= lelli - Zl WH) @)

C. Analysis Method ) . To update the element values of W and H, (4) and (5) are
As methods for analyzing the Al-related documents, this repeated until ® [l w8 poomes smaller than the
study condu_cted topic anaI)_IS|s and frequency an'?Ilys's'convergence tolerance error or exceeds the specified number
which are suitable for analyzing unstructured data. First, agf repetitions
word cloud applying the frequency of the words and a '

visualization package was used. Frequency analysis uses the (w7Ta),,

total frequency of words that appear throughout the entire A Hu wIWwH,, (3)
document. The most straightforward and most concise text

mining method, this technique enables the examination of (azT).

Al-related keywords. A word cloud is a visualization Wi— HMW (4)

technique in which the sizes of the words differ with
frequency. More frequent or essential words are expressed in The hyperparameters of the topic model were set as
larger text, whereas less frequent words are shown in smallefollows in this study. Frobenius norm was used for the
text. As such, a word cloud allows the viewer to quickly objective function, and the number of repetitions to update
identify which words are emphasized in the document [13]. the values of W and H was set to 100. To improve the
Second,Topic modeling is a text mining technique used to quality of the clustered topics, initial values were generated
discover the hidden semantic structure of the text. It is usefulusing NNDSVD (Non-Negative Double Singular Value
for exploring topics or changing topic trends according to a Decomposition) [22]. This is because the NMF algorithm is
time series for large amounts of unstructured data, such a#itialized with random factors, thus possibly leading to
social media and newspaper articles [14]-[16]. unstable results.

NMF-based topic modeling was employed to explore the
topics. NMF is an unsupervised approach for reducing the [ll. RESULTS ANDDISCUSSION
dimensions of matrices that do not contain negative values. Thjg study extracted topics from Al-related documents for
As the semantic feature matrix and semantic varlablle matrixy 1o using NMF-based topic modeling, the analytical results
are composed of sparse matrices, it has characteristics that
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of which are as follows. As shown in Fig. 2, the visualization that in 2018, words related to education such as 'idea’, 'group’,
created by extracting the most frequently used words.

Among the top 20 keywords in the frequency analysis, the According to the topic modelling results, Topic 1 consists of
Convergence,

highest words are ‘ai,
'machine’. This signifies that these words appear mostcommercialization,

'student’,

‘data’,

'learning’, andAl,

‘working',

Funding,

'session’,

and 'service'

Converging,
and agenda. As this

Agency,

is the

frequently appeared.

first

frequently in the entire document. In the word cloud, ‘ai', symposium, these can be interpreted as topics related to the
'student’, 'data’, ‘artificial intelligence' and ‘machine’ are direction that Al education must take. Topic 2 includes the
shown with the largest font. Moreover, ‘teacher', 'learning’, big idea for Al education, characteristics of Al, and social
'help’, and 'neural network' are shown at a confirmable level. impact. Topic 3 and Topic 4 are introductions to tools for Al
education. eCraf2Learn in Topic 3 is a platform for sharing

Words Freq. projects in a cloud service environment to receive feedback
ai 1340 from designers, engineers, and programmers. Topic 4
student 760 concerns popbot, an Al educational robot for children. Topic
T data 725 5 involves sentencing software that issues judgements in
g learning 418 place of a judge in court; as such, this topic is determined to
gc,o ’ mrigl‘e'?: g;‘g be related to Al ethics. Thus, the 2018 symposium is shown
20 learningdl probX to consist of discussions on the necessary direction of Al
~help dat acivity 2% education, educational tools for Al education, and the impact
v data intelligence 237 ¢ 1= ' P
S student . story 219 of Al on society. ,
S K(K-12) 178 As shown in the Tabl&v, The most frequent words in the
M=~ °_neural network artificial 175 2019 symposium were ‘ai', 'student’, and 'K-12' in order, with
- @ .
Y nowd use skill 168 more words related to education compared to the 2018
N maching class 157 symposium (‘learning’, 'education’, 'teacher’, 'curriculum’,
il story speaker understand 145 etc.).
® machine learning ask 137
project 136 TABLE IV
school 136 2019A14K12 SYMPOSIUM RESULTS
concept 119
education 107 Word (Frequency)
Fig. 2 Word Cloud and word frequency ai (430) student (179) | k(K-12)(149 '(‘ﬁ’z”)'”g school (114)
: i data learningboucdion a (101 teacher (90) | stem (86 iculum (O
The emphasis on the words ‘ai', 'student’, ‘data’, 'learningji107) ata (101) eacher (90) | stem (86) | curriculum (f0)
and 'machine’ in the word frequency, and visualization\eaching(67) | machine (66) | science (65)  project (63§echnology
results indicate that content on data and machine learning for teligence 61)
educating students about Al frequently appears. The"ok®G9)  |,q computer (47)| standard (44)  big (43)
frequency and subject modelling results of the top 20 words Topic Modeling
per document are shown in Talile Topicl Topic2 Topic3 Topic4 Topic5
TABLE Il i hosting data play readyai
2018Al14K12 SYMPOSIUM RESULTS education community student teacher company
Word (Fregquency) learning nation ai ml group
@i (132) idea (36) robot (35) big (35) (K-12) (29 hi : :
lgroup (29) learning (27) | student (26) machine (24) school (22) pthic program stem practice al
child (19) computer (19) working (18) | session (16)] service (15) |curriculum |member learning game student
science (15) program (14) system (14) teacher (14) data (1B)
Topic Modeling teacher network school participant environment
- Topicl - Topic2 Top|c3 Topic4 Top|05 teaching lyoutt technology sensor class
Qi big service robot ai
funding idea ai ai sentencing (AI4ALL) club machine education course
converging data cloud children machine - dard | -
lagency sense available understanding translate| sclence camp standar earning camp
lconvergence impact learning assessment softwarg  [school mobile project inspire nurturing
commercialization | science browser child predict As the numbers for aiall and k were removed during preprocessing, they are
enclosed in parentheses.
lagenda computer (eCraft2Learn)| learning algorithm|c
symposium ai interface popbot automating Topic 1 involves content in the AI4K12 Initiative for
project characteristic | image toolkit student supporting activities of Al education and is related to the
e ducator making apps think (AI4ALL) curriculum, with the words education, learning, ethics,

As the numbers for ecraftlearn, aiall, and k were removed during preproce
they are enclosed in parenthes

SSing,
£S.

curriculum, etc. Topic 2 contains content on establishing
research organizations for various programs related to Al
education. Topic 3 concerns STEM-based Al education,

As shown in Tabldll, the most frequently used words at Whereas Topic 4 involves discussions on teaching and
the 2018 symposium are ‘ai', idea’, and 'robot'. It is notablelearning methods and cases using games, activities, and

1
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sensors. Finally, Topic 5 comprised content on ReadyAl, an

educational institution for Al.

TABLE VI

This indicates that the 2019 symposium concerned mof

concrete discussions on how to conduct Al education i
schools. AlIAS, which was published in India in 2019, is a

guide for integrating Al with other subjects. As shown in th
TABLE V, it includes words related to teaching and learning

methods such as ‘activity’, 'story’, ‘problem’, 'learning’ aniage (55)

‘understanding'.

Topic 1 covered topics on symmetry in mathematics, with
words such as symmetry, object, and line. A close

inspection of the curriculum revealed that it concerns aff

activity for predicting the finished image through an Al-

based application that draws symmetric and asymmetri

images. Topic 2 concerns principles or methods for teache
to integrate Al with topics across a variety of areas, an

includes the words education, teacher, integrating, principa
etc. Topic 3 is an explanation of the AIIAS framework,

including educational objectives, activities, thinking, and

recommended content. Topic 1 is for the Mathematic

subject, while Topic 4 concerns Science. More specifically,
the analysis showed that Topic 4 contains content on t

AIC RESULTS
€ Word (Frequency)
data (271) ai (267) problem (155) student (111L) learning (103)
machine (89) | activity (83) project (73) system (70) layer (70)
pkill (66) intelligence(65) | game (64) artificial (60} model (59)
story (54) network (52) | tree (51) get (50)
Topic Modeling
| Topicl Topic2 Topic3 Topic4 Topic5
layer leducation ai data
iskill network ai game problem
fearner neural subject job machine
gbata node generation student system
fJ‘eriod chit iskill story ai
hour data artificial activity project
problem machine intelligence smart tree
Project hidden government home model
’upnit input curriculum group image
fptroduction | algorithm learning theme decision

principles of sound in science. Topic 5 contains topics o

teaching and learning methods such as story-, problem-, and

guestion-based learning methods.

TABLE V
AIIAS RESULTS

Word (Frequency)
ai (511) student (444) data (353) activity (173)  story (165)
aggr;ine class (157) problem (154) learning (14621:{1f5e)rstand
ask (137)  |(155,%"%°  feoncept (119) | artifcial (115)| skl (102)
need (89) integrated (79)| different (79) statement (77) group (16)
Topic Modeling
Topicl Topic 2 Topic3 Topic4 Topic5
ai ai ai el student
symmetry education data sound data
student teacher skill machine story
ask subject problem student ai
object school goal class problem
line intelligence activity learning ask
iskill teaching thinking teacher activity
draw artificial recommended education statemen
image integrating learner intelligence machine
learning principal session data understand

To summaries, AlIAS covers the principles of integrating

Topic 1 in AIC includes words related to the curriculum
framework for teaching Al, such as teaching time, skill,
project, and unit. Topic 2 concerns neural networks, with
words such as layer, network, node, chit, data, machine,
hidden, and input. A closer inspection of the curriculum
revealed that "chit" relates to unplugged activities for
understanding the principles of neural networks. That is,
students can indirectly experience how neural networks
work bypassing the words they wrote in a chit to the nodes
of the input layer, hidden layer, and output layer. AIC also
includes topics on the capabilities and skills that students
must develop through Al education, future jobs, and topics
on designing tree models based on given data. Topic 2,
Topic 4, and Topic 5 are related to learning topics regarding
the knowledge that learners should learn. A closer inspection
of AIC showed that project-based methods were used as
teaching and learning methods for topics such as decision
trees and neural networks based on Al case studies. The
curriculum was designed to attract the students' interest
through gamification and focus on learning for topics
difficult to cover for school-aged students. AIC was
observed to cover basic theories and principles related to Al
(neural, network, hidden, layer, etc.).

IV. CONCLUSIONS

As technology changes the paradigm of education, Al has
emerged as a new methodology to solve a variety of

Al with other subjects, explanations of Al-based teaching Problems in life. 2018 has seen proposals for Al as content
and learning methods, and examples of integration within K-12 education, as its use in a variety of fields increases.
other subjects. Unlike the other three documents, theRather than to cultivate specialized labor, Al education in K-

frequency of 'data’ in TABLEVI was the highest, followed

12 is considered socialization education for future

by ‘ai', ‘problem’, and 'student'. Words highly related to Al generations who must live in the Al era. Accordingly, this
knowledge domains also appeared, such as 'layer’, 'modelstudy performed topic modelling to provide implications for

'network’, and 'tree’.

composing a system for Al education. The analytical results
of the four Al education-related documents are as follows.
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First, educational objectives must be systematised. Al is
rapidly changing compared to other academic fields. [y
Everyone, therefore, recognises the necessity of Al
education for K-12, though the systematic nature or
hierarchy of the topics remain uncertain. The knowledge
system constituting the curriculum will vary with how
educational goals are set, and education based on this cald]
help cultivate learners' capabilities. Educational goals should
thus be set considering educational philosophy, social
change, learning experiences, and what students should bE!
capable of doing.

The second implication concerns the composition of a
curriculum that reflects academic sequence and continuity.[5]
Based on the structure of knowledge suggested by Bruner, a
curriculum should establish sequence within K-12 education
in addition to the level and scope of knowledge in relation to [6]
higher education. That is, Al education requires a curriculum
considering sequence and continuity based on the knowledgg]
covered in higher education. An Al curriculum published at
the national level includes India's 9th grade Al curriculum. [8]
Other than this, there are very few to no standard curricula.

(2]

. .. . . . 9
An example of the curriculum composition direction is el
shown in TabléVIL. [10]
TABLE VII
EXAMPLE OF K-12 Al CURRICULUM COMPOSITION DIRECTION [11]
Grade Description
12
Education focused on play/activities without revealing 12l
1-4 .
Al knowledge domains
5-6 Education utilising programming tools to understand [13]
the basic concepts and operation of Al [14]
Education to understand the principles of Al with
7-9 . - - .
conceptual diagrams (pictures) and basic algorithms
Education for using data from various fields in basi¢ [15]
10-12 ;
Al algorithms
[16]

Rather than designing high-level Al algorithms, the
objectives of K-12 education for Al should be to understand
the concepts and functional roles of Al and develop [17]
problem-solving skills. As discussed in this study, however,
clear directions are needed for what students should bd18l
expected to learn how to do through K-12 Al education. This
is because the content and methods of education will vary[19]
with the goals. The topic modelling results in this study can
only intuitively identify topics and are limited in terms of [20]
deeper quantitative or semantic analysis. Furthermore, future
studies must be conducted with more extensive data.

This study is significant in that it analysed the extent of [21]
discussions on Al education in K-12 based on topic
modelling and proposed future directions for Al education.

[22]
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