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Abstract

This paper shows that novel engineering (NE) is a creative learning process (CLP) based on Seymour Papert’s constructionism.

First, the paper introduces NE, CLP, and constructionism. Next, a sample NE lesson is explored. NE is an innovative way of

integrating literacy into an engineering discipline that was developed by the Center for Engineering Education and Outreach

(CEEO) at Tufts University. NE consists of seven steps: picking a book, identifying problems, designing solutions, building,

feedback, upgrading solutions, and reconstructing stories. Lifelong Kindergarten by Mitchel Resnick of the MIT Media Lab

describes CLP, and the four elements necessary for a lesson to be creative. NE can be viewed as one of the most creative,

comprehensive learning models ever developed. NE integrates several paradigms in Korea, following all the constructs of both

CLP and constructionism. The aim of this paper is to show that NE is based on both CLP and constructionism.

Index Terms: Novel engineering, Creative Learning Process, Constructionism, Seymour papert

I. INTRODUCTION

In 2016, the World Economic Forum (WEF) announced

Industries 4.0 (referred to as the Fourth Industrial Revolu-

tion). Industries 4.0 describes the current industrial transfor-

mation using AI (artificial intelligence). It is believed that

Industries 4.0 has already changed many things. The Korean

government has been trying to set up new educational plans

through the 2015 Revised Curriculum [1].

The aims of the 2015 Revised Curriculum are to develop

individuals with high levels of competency, creativity, and

problem-solving abilities. These aims are not entirely novel,

yet only recently have they become regarded as most import-

ant. The most remarkable aspects of the 2015 Revised Cur-

riculum are the reinforcement of reading, and software

education. In South Korea, many governmental agencies

have conducted teacher training for software education.

Likewise, the Jeonju National University of Education has

also held training courses and conducted various programs

on this topic. Most programs on teacher training consist of

unplugged educational programming languages (EPLs).

Examples are Scratch (developed by the MIT Media Lab),

Entry (by NAVER in Korea), and several educational robots.

Most teachers misconceive that software education is only

akin to programming.

The goal of software education is to cultivate students’

problem-solving abilities through computational thinking.

Increased problem-solving ability is the goal of numerous

educational paradigms (e.g., STEM/STEAM, IT education,

invention education, maker education, and the humanities).

Collectively, our society must reconsider whether these dis-

ciplines have truly developed problem-solving abilities. Most

teachers essentially answer “no.” The most critical reasons

are due to the current state of the Korean curricular system.
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Korean teachers are unable to organize or plan creative les-

sons according to their own will.

Reading education, as mentioned in the 2015 Revised Cur-

riculum, is referred to as “One Semester, One Book” [1].

This means intensive, rather than extensive reading. Intensive

reading helps students think deeply about a book’s context.

Reading education is the most important skill for encourag-

ing children to visualize the world. In this paper, novel engi-

neering (NE) will be introduced. NE is an innovative

approach to integrating reading and engineering literacy into

multiple fields (e.g. software education, STEM/STEAM, ICT

education, invention education, and so on).

II. THE CREATIVE LEARNING PROCESS AND 

CONSTRUCTIONISM

Fig. 1 illustrates the Creative Learning Process (CLP) out-

lined in Mitchel Resnick’s book, Lifelong Kindergarten [2].

Most subjects in the Korean educational curriculum are

intended to cultivate creativity and problem-solving abilities

as core goals.

Resnick states that creative learning must be similar to

kindergarten learning [2]. He wrote that “Children in kinder-

garten play with stacking blocks or finger painting for cre-

ative learning. The materials vary (wooden blocks, crayons,

glitter, construction paper) and the creations vary (castles,

stories, pictures, songs), but the core processes are the same.

The Creative Learning Process is the engine of creative

thinking. As kindergarten children go through the CLP, they

develop and refine their abilities as creative thinkers. They

learn to develop their own ideas, try them out, experiment

with alternatives, get input from others, and generate new

ideas based on their experiences.” Table 1 explains the CLP.

Resnick also mentions the 4 P’s of CLP: Projects, Passion,

Peers, and Play (as shown in Table 2). These elements are

necessary for lessons to be creative. The Scratch language,

developed by the MIT Media Lab, reflects this [2].

CLP is certainly based on Jean Piaget’s concept of con-

structivism. Seymour Papert was a mathematician, computer

scientist, and student of Piaget. Additionally, he researched

artificial intelligence with the Father of AI, Marvin Minsky.

Papert discovered that (in order to implement Machine

Learning) he needed to understand how people learn. In

order to do so, he needed to understand the nature of learn-

ing. Seymour began his research with Piaget in 1958. Six

years later, Papert was appointed to a professorship at MIT,

where he and Minsky cofounded the MIT AI Lab and the

MIT Media Lab. 

Papert predicted the future of education would one day be

“one child, one laptop.” He said that most children would be

able to use computers in the future. Thus, he posited his own

version of constructionism, which integrated three innova-

tions: the constructivism of Jean Piaget; the AI of Marvin

Minsky; and the computer. 

Papert believed children could interact with the real world

effectively, while building something creative. This led to

his emphasis on learning rather than teaching. As Fig. 2

Table 1. Stages of the Creative Learning Process

Stage Explanation

Imagining Children start by imagining or drawing ideas.

Creating
Children turn their ideas into actions, creating a something

they like.

Playing
Children are constantly tinkering and experimenting with

their creations, trying to upgrade their creating.

Sharing

In general, creation first happens in one group. Simultane-

ously, another group collaborates to create something differ-

ent. Next, the two groups share ideas with one another.

Reflecting

When a creation has some defects, the teacher encourages

children to reflect on why this is so. The teacher shows them

pictures to help reflect.

Imagining
Based on their experiences in the CLP, children imagine new

ideas and new directions.

Table 2. Explanation of the 4 P’s of CLP

Element Explanation

Projects

Creating projects is the central activity in the Scratch commu-

nity. Scratch members work with Scratch, continually creating

projects and going through the CLP. By doing so, they develop

a deeper understanding of the creative process.

Passion

When people work on projects they care about, they’re willing

to work longer and harder. Because Scratch supports many

types of projects (games, stories, animations, etc.), everyone

can pursue projects they care about.

Peers

Creativity is a social process, wherein people collaborate,

share, and build upon one another’s work. By integrating pro-

gramming with an online community, Scratch is designed to

foster social interaction.

Play

Scratch is designed to support playful experimentation as a

pathway to creativity, thereby encouraging young people to

take risks and try new things.Fig. 1. Creative Learning Process by Mitchel Resnick [2].
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illustrates, Papert’s constructionism is an integration of

Piaget’s constructivism, and learning by designing; or, as

some say, “making rather than designing.” But this view of

constructionism is too narrow, as “design” encompasses

much broader themes.

Papert’s educational research was based mostly on two

things; namely 1) his learning theory; and 2) the program-

ming language LOGO (which supported his theory and

research). Papert, together with Wally Feurzeig and other

researchers, created LOGO. The design of this programming

language was heavily influenced by Papert’s learning theory.

It was used by Papert himself, as well as other construction-

ists. According to constructionism, a learner acquires knowl-

edge by “construction” rather than by “instruction." This

idea originates in the constructivist theory, wherein learning

is not something done to the learners, but rather something

done by learners. Construction allows the learner to “dis-

cover” knowledge, rather than merely receiving it. This

approach fits into Piaget’s idea of assimilation and accom-

modation [3].

III. NOVEL ENGINEERING 

Currently, the robotics education class at Jeonju National

University of Education uses educational robots [4]. Most

materials focus on subjects like science or math. Robots are

often cost-prohibitive. Thus, I have agonized over ways to

apply robotics to subjects like Korean language, social stud-

ies, history, and so on. In 2015, as a visiting scholar at Tufts

University’s Center for Engineering Education and Outreach

(CEEO), I developed a way to solve this problem through

NE [5]. As shown in Fig. 3, novel engineering is a good

framework for integrating literacy, software education, ICT

education, STEM/STEAM, invention, maker education, and

other subjects.

Korea’s 2015 Revised Curriculum reinforces reading (one

whole book over the course of a semester), and software

education [1]. NE can meet these requirements, as it is a

comprehensive approach for integrating both disciplines.

Until now, these subjects were taught separately [4, 6]. 

The CEEO has researched NE for several years [7-9]. NE

is one method of multidisciplinary education. As shown in

Fig. 4 and Table 3, NE consists of seven steps: (1) picking a

book (reading); (2) identifying problems; (3) designing solu-

tions; (4) building; (5) feedback; (6) improving solutions;

and (7) reconstructing the story [10]. NE begins with read-

ing, and ends in the reconstruction of stories (writing). The

Engineering Design Process (EDP) is performed in its own

way, but most teachers have had difficulties in identifying

problems in EDP. NE can help teachers and students solve

these age-old difficulties, as NE can extract problems from a

book [11].

The CEEO operates the Novel Engineering website, and

the Novel Engineering challenge. Some benefits of NE can

be found on the website [10]: 

▪ Works within ELA curriculum

▪ Enhances reading comprehension

▪ Engages all learners

▪ Provides integration of different disciplines

▪ Introduces realistic engineering problems

▪ Builds 21st century skills

▪ Meets common core and next-generation science standards

As shown Table 4, each stage of NE is analogous to a

stage of CLP.

IV. SAMPLE LESSON IN NOVEL ENGINEERING

Last year, we conducted NE for eight periods with 3rd

Fig. 2. Constructionism and Constructivism.

Fig. 3. Novel Engineering as a multidisciplinary education frame.

Fig. 4. Steps of Novel Engineering.
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grade students. We then operated open classes for parents

and other teachers in October 2018. 

A. Overview of the Unit

■ Main theme: Community / Personal Relationship Enhancement

■ Related subjects: Korean, software education.

■ Unit: 3-2-6: write a story, putting your heart into it.

■ Goals of the unit: 

•The unit’s aims are to write down one’s thoughts, keeping

the reader in mind.

•Students should express themselves, thinking not only

from their perspectives but also the perspectives of others.

•Core competencies are cultivating relationships in the

community. 

■ Lesson plan for each period:

•1-2: Remembering personal experiences to deliver my

thoughts. 

•3-4: Listening to the story, and understanding how char-

acters change their minds.

•5-6: Reading while understanding characters’ mindsets.

•7-8: Writing notes to solve problems faced by characters.

•9-10: Writing to deliver my thoughts to a character.

■ Assessment plan:

•Do students understand the reasons a character changes

his/her mind?

•Do students understand the character’s mind set while

learning his/her story?

•Do students express themselves while also considering

other readers’ thoughts?

■ Teaching-learning models: Novel Engineering.

■ Learning strategies: Project-based learning.

•Book chosen: Korean version of Anne of Green Gables,

shown in Fig. 5.

•Physical materials featured: Drone.

•Plot: The main character is a girl named Anne Shirley.

Anne’s parents were both middle school teachers, but

they died when she was three months old. Thus Anne, a

freckled, little, red-haired girl, is sent to be adopted by

Matthew and his sister Marilla. She meets Matthew for

the first time at the train station. She is then taken by car-

riage to Green Gables, where they were to live. However,

Anne has a problem. Marilla is stubborn, and doesn’t

want a girl like Anne. She wants a boy, to work her farm.

She thinks Anne can’t do the hard work. Matthew per-

suades Marilla to adopt Anne. Ultimately, Marilla tries

her best to accept Anne. 

■ Worksheets for the class: 

•Teachers should use workbooks to provide the class with

an overview of NE (as shown in Fig. 6). This helps stu-

dents to know what they will do in class.

B. Lesson Plan for Novel Engineering

1) Picking a Book: Teachers can use the school library to

Table 3. Explanation of Novel Engineering

Stage Explanation

Picking a book

Books are available in all school libraries. Teachers

choose a book to read. This book can be a picture

book, a cartoon, a long story, etc. When a book is

too long to read in one period, the teacher can

choose one or two chapters for use in the indicated

stages. Book suggestions for NE lessons can be

found on the official website [10].

Identifying problems

After reading, students brainstorm to identify sev-

eral problems faced by characters. Then, they

choose some problems for which they can provide

solutions. Teachers provide worksheets for students

to document their ideas. 

Designing solutions

In a group, students design solutions to the chosen

problems. They document a list of materials needed

and, on the worksheet, describe an algorithm to

solve the problems. 

Building

Students build something visible utilizing Scratch,

Entry, and Robotics. They can use recyclables, like

plastic bags, bottles, and cardboard. When they

decide to take control of the robot, teachers can

help students use programming to control the sen-

sors and motors. In this step, students can make

video clips from photos they have taken. However,

as the most important objective is to cultivate cre-

ativity and problem-solving, NE doesn’t always

require programming.

Feedback
Students give presentations to other students

regarding their problems and solutions.

Improving solutions

Students can upgrade their creations after receiving

feedback from others. When they need to revise a

design, they can backtrack to previous steps. 

Reconstructing 

stories

Students write stories while imagining how stories

changed as characters used the students’ creations.

In this stage, lower grades can draw pictures in a

big sketchbook.

Table 4. Mapping NE and CLP

Novel Engineering Creative Learning Process 

Picking a book

Identifying problems

Designing solutions

Imagining

Building Creating

Feedback Sharing

Upgrading solutions

Reconstructing stories

Reflecting

Reimagining 
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pick a book. This step may take a long time, as they must

select a proper book for the NE class. If no proper book can

be selected, teachers can use video clips from YouTube.

Teachers usually read the book to the students. While read-

ing, they help students discover problems faced by different

characters. Students can then read individually, or in a group.

The Havruta learning approach of a Jewish will be helpful,

allowing students to identify problems naturally. This

method can help students easily interact with teachers. If the

story is long, teachers can select smaller portions of a book.

Documentation in workbooks or on worksheets also helps

students to arrange their ideas. 

2) Identifying Problems: Students brainstorm and iden-

tify problems. In the above book, the main problem for the

character Anne was “difficulties in farming.” However, it’s

certain that unexpected problems will also be identified

through students’ creativity. If students are experiencing a

NE class for the first time, they won’t know how to do this.

In such a case, teachers can help identify problems, or pro-

vide students with a worksheet to help organize their ideas.

To share ideas, teachers prepare a whiteboard to put up small

notes, as shown in Fig. 7. To finalize the step, students write

down their ideas on the worksheet shown in Fig. 8.

3) Designing Solutions: Students brainstorm to come up

with solutions for problems decided upon. In this step, as in

Step 2, teachers provide worksheets to help students’ ideas

take shape. Students can search internet websites to help

support their ideas. If needed, teachers can help students by

providing proper information, or existing examples. Students

must also write down the necessary materials on the work-

sheet. This will allow teachers to prepare materials such as

drones or robots beforehand. In this example, students

decided to use drones to help solve Anne’s problems, as

shown in Fig. 9. Thus, the teacher prepared a map of Anne’s

farm for each group (shown Fig. 10). Sometimes students

worried about the difference between “what I want to do”

and “what I can do.” Most students were lacking necessary

materials or previous knowledge. Thus, teachers must con-

duct prerequisite lessons. This is the key to determining

whether a lesson is successful.

Fig. 5. Book for the NE lesson.

Fig. 6. Workbook for students while lesson.
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4) Building: Students create solutions. They can use vari-

ous materials like drones, robots, recyclables, boxes, card-

board, plastic bottles, and so on. If students require

programming to control digital devices, they must describe

the algorithms they will implement first, as shown in Fig. 11.

5) Feedback and Upgrading Solutions: Students give

presentations to others. If needed, other students can give

advice to the presenters to help upgrade their solutions. The

outcomes of NE will be various. If necessary, students may

need to repeat the previous steps of NE.

6) Reconstructing Stories: This is one of the most

important steps. Students rewrite stories, imagining situa-

Fig. 9. Worksheet for designing solutions.

Fig. 10. Map of Anne’s farm.

Fig. 7. Small notes on a whiteboard from students.

Fig. 8. Worksheets for identifying problems.
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tions in which characters might use the students’ creations.

It’s a highly creative process. In this way, students learn how

to write their own materials, such as letters, novels, and so

on (even in Korean subject classes). However, it’s insuffi-

cient if students continue to have difficulties in writing. As

Fig. 12 shows, most teachers in this exercise said that stu-

dents experience less difficulty with writing when they have

gone through NE. They were better able to solve problems

and create solutions. This is very encouraging.

V. CONCLUSIONS

In Industries 4.0, society needs humans to be critical

thinkers [12]. We must educate children to be well-integrated

and creative, as critical thinking promotes creativity. Creativ-

ity can only come from creative learning experiences.

In this paper, Novel Engineering has been shown to be a

solid framework for realizing the CLP outlined by Mitchel

Resnick. CLP, likewise, is based on the constructionism of

Seymour Papert. So, it follows that NE is based on construc-

Fig. 11. Ideas and Algorithm for drone.

Fig. 12. Stories reconstructed from students.
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tionism. Through real-world application of NE in the class-

room, students can cultivate creativity and problem-solving

abilities in a comprehensive manner. This method integrates

both literacy and engineering.

It’s not easy to compare NE with other methods, as it is

interdisciplinary and integrative. However, most teachers

said that afterwards, students had less difficulty in reading

and writing than those in traditional Korean classes. After

NE classes, teachers observed higher levels of interest and

engagement among the involved students. NE can help stu-

dents cultivate their personalities, collaboration abilities, and

communication skills.

Most paradigms (e.g., software education, STEM/STEAM,

invention education, and the humanities) have their own

goals. These have been performed in an exclusive way until

now. It’s time to integrate them, so students can go through

real world training.

NE is not yet familiar, yet all of the steps of NE are recog-

nizable activities. All teachers in Korean classes have con-

ducted reading education, while the other activities are

things that we have all done in our daily lives.

A way to assess NE must also be developed. In the 2015

Revised Curriculum, process-driven assessment is empha-

sized. This can be performed through qualitative assessment

methods, by teachers who observe and interview students

about their instructional methods. 
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