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About Suksapattana Foundation

With a start-up grant of Baht 5. 3 million in 1996, F.R.E.E. (Foundation for Research Education
and Enterprise), to which His Majesty the King later graciously bestowed the name Suksapattana
Foundation, started its work to improve education in Thailand.

Suksapattana entered a collaboration agreement with MIT under which Professor Seymour Papert
and his team from the MIT Media Lab introduced constructionism to education to Thailand.

The effects of the ensuing and path breaking ‘Lighthouse Project’ are still felt today. The foundation
has worked with three main sectors: Schools, Villages, and Industries.

(Text modified from The Education & Public Welfare Foundation website http./Avww.epwfoundation.com)

About “Constructionism”

Constructionism is a learning philosophy created by Seymour Papert at MIT. The idea was built
upon Jean Piaget’s Constructivism, where learning was seen not as a transmission of knowledge
from an expert to the learner. Instead, learning is a process where a learner goes through a
continuous process of making his or her own meaning about the world. At MIT, Papert has shown
how constructing personally meaningful artifacts using a computer can allow Piaget learning
process to take place “especially felicitously”. Papert and his learning ideas became widely known
in the eighties especially when “Logo”, a computer programming language designed for children,
became a popular learning tool on computers in that era.

Constructionism in Action

This year’'s theme reflects on how ideas created by the Constructionist community has been put
into action. It is broad enough to cover a wide variety of initiatives. This theme relates particularly
well with the Thailand host. Putting Papert’s learning ideas into practice has been the nature of
the work in Thailand since its beginning in the late 90s. Since the conference itself is held at a
constructionist school, participants are literally immersed in “ideas in action”.

Asia Conference

This is the first time that Constructionism is held in Asia. The conference is held at Darunsikkhalai
School for Innovative Learning ( DSIL) which is located inside King Mongkut’s University of
Technology Thonburi (KMUTT). DSIL was created as a constructionist school from day one. It was

established in the late nineties not long after Papert and his team came to Thailand. Participants
are able to observe what is going on in the school during the conference and learn about its ups
and downs throughout the past decade. This has given the conference a special vibe!
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Tuesday Wednesday Thursday Friday
9:00 Opening Ceremony
Special keynotes (6) Plenary 2 (10) Plenary 3 (16) Plenary 4
9:30 Welcome address Main Auditorium (2fl) | Main Auditorium (2fl) | Main Auditorium (2fl)
10:00 Main Auditorium (2fl)
Break (11) Conference-wide Break
10°30 Brainstorm
' Break
Break
(7A, 7B, 7C) (17A, 178, 17C)
11:00 . .
Paper presentations Paper presentations
: (3) Plenary 1 i .
11:30 Auditorium (2fl), (12) Group discussions Auditorium (2fl),
Main Auditorium (2fl) Lib (9fl), CLab(10fl) Lib (9f1), CLab(10f1)
12:00
12:30 Lunch
Lunch Lunch Lunch
13:00
(13) Group
Presentations
13:30
(8A, 8B, 8C) (14A, 14B, 14C)
14:00 Paper presentations Paper presentations
(4) Open house perp p. p' . (18A, 18B, 18C)
Auditorium (2fl), Lib
L Workshops
14:30 Auditorium (2fl), (9f1), cLab(10f1)
School Lobby (11 Lib (9fl), CLab(10f) k
o (9), Cla Elics CLab(10fl), Auditorium
15:00 (2fl), Fablab (10f1)
Break
15:30 Break red
(15A, 158, 15C)
- Workshops
16:00 (9A, 98, 9C, 9D) Break
(5A, 5B) Workshops Lib (9fl), CLab(10f1),
16:30 Poster & Demos Fablab (10fl)
CLab(10f1), (19) Plenary 5
17:00 Gymnasium (2 fl) Auditorium (2f1), Main Auditorium (2fl)
Lib (9fl),
17:30 Fablab (10fl) Closing
18:00
Evening Dinner at

Mr. Paron’s House

Conference Dinner
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The conference will be held at DSIL building. (DSIL stands for Darunsikkhalai School for Innovative
Learning.) It is the 14 floors building with all facilities located inside the building. All the program
will be conduct at different floors. Here is some directory for presentation location as well as some
interesting activities arranged by DSIL students, teachers and parents throughout the conference
week. Please enjoy your time and make yourself comfortable. If you need help, have any questions
or need translation for your interesting conversation, please don’t hesitate to ask our staffs or
rescuers team. © Welcome to Bangkok, Thailand:

Floor Room Number Activities

10t Constructionism Lab 1 and 2 Paper presentation Room 3
Demos and workshops

10 DSIL FabLab@School Workshop Room 4
Feel free to check out our FabLab.

gt Library Paper presentation Room 2
Demos and workshops

g Classrooms

7t Classrooms Workshops and Open house

6™ Classrooms

5 Cafeteria and Food lab Lunch and Thai arts and crafts activities
Small futsal field with panoramic view of
Bangmod area.

4t Fitness and Performing art | Not opened during conference week.

classroom

2nd Main Auditorium Plenary session
Opening and closing

2nd Gymnasium and Open Space Tea and coffee break and Poster session
*CCTV for plenary session

1t DSIL Hall Registration
Thailand Constructionism Expo

VI
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Schedule
13:30-13:50

Feb 1.5, Bangkok, Thailand

Introduction to Lighthouse Project and Candle Light Project (Nalin)

13:50-14:05 There will be just one round of approximately an hour presentation in each area.
You may choose to stay in one area or move around. There are 3 different groups of

presentations.
14.05 - 15:00

Demo / Presentation

15:00- 15:30 Q&A and Discussion

Different application of
Constructionism in
different school contexts

throughout Thailand.

14:05 -15:00 Demo /
Presentation in
classrooms

15:00-15:30 Q&A
Discussion

Groups Moderator Presentation / Demo and Location
Group A : Schools that | Nalin 6" — 8" floor
learn Tutiyaphuengprasert

-DSIL Science classroom, Biology Lab (6™ fl.)
- Engineering Project (7"-8" grade)
Room805-806

- Young Constructionist (15t and 2" grades)
Room706

- Ban Sankampang School in Chiang Mai
Room 707

- Ban Kha Yang School (Hill tribe school)
Room 707
- Wat Kien Kate Room 707

- Koh Yao School District Room 707

Group B: Villages that
learn

Constructionism applied
in informal learning to
improve quality of life and
sustainable development.

Arnan Sipitakiat

14:05 -15:00 Booth
presentation

15:00-15:30 Q&A
Discussion at the main
stage

Booth on 15t floor

¢ Ban Lim Thong Constructionist Village
from Buriram Province

¢ Ban Samkha Constructionist Village
from Lampang Province

Group C: Business and
Industries that learn

Constructionism applied
in professional
development programs in
different business units
which reduce cost and
increase revenue. Quality
improvement by
empowering innovative
culture in organization.

Tawan Tantikul

14:05 -15:00 Booth
presentation

15:00-15:30 Q&A
Discussion at the
committee’s meeting
room

Booth on 1% floor

e Siam Cement Groups Constructionist
Practice Schools (All business units)

e Petrochemical Industry
Constructionist Practice School

¢ Mabtaput vocational school

Vi
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Conference Program

Tuesday, February 2nd

09:00 -09:15 Opening Ceremony
LOCATION. Main Auditorium (2 fl)
09:15-09:45 Session 1: Special Keynote
Yongyuth Yuthavong
Sparks from the Spirit: Role of Learning in Constructing and Using Knowledge
09:45-10:00 Welcome Address & Conference Introduction
10:00-10:30 Session 2: Opening Keynote
Location:Main Auditorium (2 fl)
Paron Israsena
Constructionism the Thailand Way

10:30-11:00 Break Location: 2nd fl open space

11:00-12:30 Session 3: Plenary 1
Chair: Arnan Sipitakiat
Location:Main Auditorium (2 fl)
11:00 Nalin Tutiyaphuengprasert and Yuphin Trangkatarn
Darunsikkhailai and its 15 years improvisation on Samba School
11:45 Leda Munoz and Maria Eugenia Bujanda
Costa Rica's Omar Dengo Foundation Program: 29 years later

12:30-13:30 Lunch
Location: Cafeteria (5 fl)
13:30-15:30 Session 4: Open house: Constructionism in Thailand
Chair: Nalin Tutiyaphuengprasert
Location:School Lobby (1 fl)
15:30-15:45 Break Location: 2nd fl open space

15:45-17:45 Session 5A: Poster Session
Chairs: Arnan Sipitakiat and Nalin Tutiyaphuengprasert
Location:Gymnasium (2 fl)
Sawaros Thanapornsangsuth
Compassion and Empathy through Inventions: GoGo Board Toolkit for 7 - 10
years old

Brian Harvey
What's New in Snap: and BJC

Pavel Petrovic
A new robot in a classroom

VI
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Nathan Holbert
Bots for Tots: Leveraging ‘Ways of Knowing’ to Increase Diversity in Makerspaces
Tomohito Yashiro, Kazushi Mukaiyama and Yasushi Harada
Workshop of Game Programming in Scratch
Sawaros Thanapornsangsuth, Yongyuth Laitavorn, Kasidej Phulsuksombati, U-Lacha Laochai,
Rachaneeporn Assavanop, Surapat Somsri and Quankamon Dejatiwongse Na
Ayudhya
Little Builders: Empowering At-risk Children by Building and Design
Miki Matsumasa, Chieko Harayama, Kazuhiro Abe, Nobuko Kishi and Manabu Sugiura
Robot Programming Workshop for Middle and High School Girls
Alejandro Rosas Mendoza, Esteban Pablo Diaz and Avenilde Romo Vazquez
Bridge of popsicle sticks: A project and a contest
Aoi Yoshida, Kazunari Ito and Kazuhiro Abe
A practical report on a course of learning by making at the university in Japan
Micheal O Duill
Philological philosophy, simplistic science, misleading mathematics, perfidious
perception, trusty technology
Micheal O Duill
After Scratch: Logo(Writer)?
Pavel Petrovi¢
On controlling LEGO Education platforms from Imagine Logo
Ildikd Tasnadi, Laszlé Csink and Karoly Farkas
Teaching programming constructively and playfully
Suttipong Thajchayapong, Tanut Choksatchawathi, Paron Israsena and Chanikarn
Wongviriyawong
Increasing Learning Gain in Linear Algebra through Play

15:45-17:45 Session 5B: Demos
Location:Gymnasium (2 fl)

Pavel Petrovic

Tatrabot - a mobile robotic platform for teaching programming
Yu Guo and Uri Wilensky

Learning About Complex Systems with the BeeSmart Participatory Simulation
Mikhaela Dietch, Bryanne Leeming and Amon Millner

JumpSmart: A Platform for Communal Making and Physical Engagement in

Programming
Kazuhiro Abe and Masashi Umezawa

Pyonkee: A Scratch compatible visual-programming environment running on iPad
Andreas Grillenberger and Ralf Romeike

Analyzing Twitter Data using Snap:

19:00-21:30 Dinner at Mr. Paron's house
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Wednesday, February 3rd

09:00-10:00 Session 6: Plenary 2

Chair: Arnan Sipitakiat

Location.:Main Auditorium (2 fl)
Ivan Kalas

On the Road to Sustainable Primary Programming

10:00-10:30 Break Location: 2nd fl open space

10:30-12:30 Session 7A: Papers: Programming in the 21st Century

Chair: Brian Harvey

Location.:Main Auditorium (2 fl)
10:30  Chris Proctor and Paulo Blikstein

Grounding How We Teach Programming in Why We Teach Programming

11:00 Ken Kahn
What would the ideal constructionist programming language (or languages) be
like?

11:45 Marcelo Worsley, Kipp Bradford, Taylor Martin, Paulo Blikstein, Arnan Sipitakiat and
Nalin Tutiyaphuengprasert
Constructionism and the Internet of Things

10:30-12:30 Session 7B: Papers: Programming in Context

Chair: Ana Isabel Sacristan
Location:Library (9 fl)
10:30  Anja Petri, Christian Schindler, Wolfgang Slany and Bernadette Spieler
Game Design with Pocket Code: Providing a Constructionist Environment for Girls
in the School Context
11:00 Walter Bender, Devin Ulibarri and Yash Khandelwal
Music Blocks: A Musical Microworld
11:30 Deborah Fields, Lisa Quirke, Tori Horton, Jason Maughan, Xavier Velasquez, Janell
Amely and Katarina Pantic
Working Toward Equity in a Constructionist Scratch Camp: Lessons Learned in
Applying a Studio Design Model
12:00 Michael Weigend
Designing Interfaces for Special Needs

10:30-12:30 Session 7C: Papers: Constructionism & New ldeas

Chair: Gerald Futschek
Location: Constructionism Lab (10 fI)
10:30 Jean-Francois Maheux
Papert's sort-of-right mathematics
11:00 Kate Mackrell and Dave Pratt
Resituating Constructionism in the Space of Reasons
11:30 Valentina Dagiené, Gerald Futschek and Gabrielé Stupuriené
Teachers’ Constructionist and Deconstructionist Learning by Creating Bebras Tasks
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12:00 Meurig Beynon, Jonathon Foss, Antony Harfield, Elizabeth Hudnott and Nicolas Pope
Construing and Computing: Learning through Exploring and Exploiting Agency

12:30-13:30 Lunch & Scientific Committee Meeting #1
Location: Cafeteria (5 fl)
13:30-15:15 Session 8A: Papers: Case Studies & New Approaches
Chair: James Clayson
Location.:Main Auditorium (2 fl)
13:30 Tamar Fuhrmann, Marcelo Worsley and Paulo Blikstein
A new Model for Eliciting Engineering Expertise from Novices: Expect non-Experts
to Behave Like Experts
14:00 Yoshiro Yoshiro, Nanako Ishido, Kazuhiro Abe and Mihoko Kamei
Communities of Learning Designers in Japan - From constructing products to
constructing communities -
14:45 Umit Aslan and Uri Wilensky
Restructuration in Practice: Challenging a Pop-Culture Evolutionary Theory through
Agent Based Modeling

13:30-15:15 Session 8B: Papers: Reflections & Next Steps for Constructionism

Chair: Ivan Kalas
Location:Library (9 fl)
13:30 Chronis Kynigos

Constructionist activity with institutionalized infrastructures: the case of Dimitris
and his students.

14:00 Laura Benton, Celia Hoyles, lvan Kalas and Richard Noss
Building mathematical knowledge with programming: insights from the
ScratchMaths project

14:30  Gary Stager, Tracy Rudzitis, Brian Smith and Amy Dugré
Making Constructionism Real in Real Schools Every Day

13:30-15:15 Session 8C: Papers: School Experiences

Chair: Gerald Futschek
Location . Constructionism Lab (10 fl)
13:30 Cristianne Butto-Zarzar, Joaquin Delgado and Ana Isabel Sacristan
Generalization processes: an experience using eXpresser with primary-school
children
14:00 Antony Harfield, Rene Alimisi, Peter Tomcsanyi, Nick Pope and Meurig Beynon
Constructionism as making construals: first steps with JS-Eden in the classroom
14:30 Conor Wickham, Carina Girvan and Brendan Tangney
Constructionism and microworlds as part of a 21st century learning activity to
impact student engagement and confidence in physics
15:15-15:45 Break Location: 2nd & 9th fl open space

15:45-18:15 Session 9A: workshop

Location. Constructionism Lab (10 fl)

Xl
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Valentina Dagiene, Gerald Futschek and Gabrielé Stupuriené
Developing Computational Thinking by Using Constructionist and
Deconstructionist Learning

15:45-18:15 Session 9B: workshop

Location:Main Auditorium (2 fl)
Yoshiro Miyata and Mihoko Kamei
World Peace Song Project

15:45-18:15 Session 9C: workshop

Location:Library (9 fl)
Walter Bender, Cynthia Solomon, Devin Ulibarri and Claudia Urrea
Music Blocks Workshop

15:45-18:15 Session 9D: workshop

Location. Fab Lab (10 f1)
Gary Stager
Constructionist Archaeology - Digging into Papert Papers Lost and Found

Thursday, February 4th

09:00-10:00 Session 10: Plenary 3

Location.:Main Auditorium (2 fl)
Brian Harvey
Report from the Future: The Next Generation High School

10:00-10:45 Session 11: Conference-wide brainstorming:
"Where we are? What is next?"
Chair. Paulo Blikstein
Location.:Main Auditorium (2 fl)
10:45-11:00 Break Location: 2nd fl open space

11:00-12:15 Session 12: Group discussion based on themes that emerged
from the brainstorming session.
Chair: Paulo Blikstein
Location:Main Auditorium (2 fl)
12:15-13:00 Lunch LocationCafeteria (5 fl)

Xl
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13:00-13:45 Session 13: Presentation by all three groups.

Chair. Paulo Blikstein
Location:Main Auditorium (2 fl)
13:45-14:45 Session 14A: Papers: Early Childhood
Chair. Richard Noss
Location:Main Auditorium (2 fl)
13:45 Jose A Valente
Inquiry Based Learning Project: a study of doing science with elementary public
school students

13:45 - 14:45 Session 14B: Papers: New Tools & Activities

Chair. Arnan Sipitakiat
Location:Library (9 fl)
13:45 Corey Brady, David Weintrop, Gabriella Anton and Uri Wilensky
Constructionist Learning at the Group Level with Programmable Badges
14:15 Ken Kahn
Integrating programming languages with web browsers

13:45 - 14:45 Session 14C: Papers: Working with Teachers

Chair: Ana Isabel Sacristan
Location: Constructionism Lab (10 fI)
13:45 Mareen Przybylla and Ralf Romeike
Teaching Computer Science Teachers: A Constructionist Approach to Professional
Training on Physical Computing
14:15 Elena Prieto-Rodriguez and Daniel Hickmott

Preparing teachers for the Digital Technologies Curriculum: Preliminary results of a
pilot study

14:45-15:00 Break Location: 2nd & 9th fl open space

15:00-17:30 Session 15A: workshop

Location:Library (9 fl)
Carina Girvan, Nathan Holbert, Chronis Kynigos, Celia Hoyles and Richard Noss
Considering approaches to research through the lens of constructionism

15:00-17:30 Session 15B: workshop

Location: Constructionism Lab (10 fI)
Arthur Hjorth, David Weintrop, Corey Brady and Uri Wilensky
LevelSpace: Constructing Models and Explanations across Levels

15:00-17:30 Session 15C: workshop

Location:Fab Lab (10 fl)
Arnan Sipitakiat and Paulo Blikstein
New Frontiers in Educational Robotics with the Raspberry Pi and the GoGo Board

18:30-20:30 Sunset excursion and conference dinner on a private cruise along the Chao Phraya
river.

Xl
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Friday, February 5th

09:00-10:00 Session 16: Plenary 4
Chair. Richard Noss
Location.:Main Auditorium (2 fl)
Cynthia Solomon
Constructionism Lifetime Achievement Award

10:00-10:30 Break Location: 2nd fl open space

10:30-12:30 Session 17A: Papers: Math, Programming, Robots

Chair: Arnan Sipitakiat
Location.:Main Auditorium (2 fl)
10:30 Pavel Petrovi¢ and Richard Balogh
Summer League: Supporting FLL Competition
11:00 Dave Catlin
Learning Intentions and Educational Robots
11:30 Han Hyuk Cho, Jin Hwan Jeong, Jong Jin Kim, Yong Hyun Seo and Seung Joo Lee
Math-based Coding Education in Korean School
12:00 Han Hyuk Cho, Hanik Jo, Cho Hee Lee, Eun Ji Lee and Hye Rim Jeong
3D turtle coding activities for Korean primary education

10:30-12:30 Session 17B: Papers: Emotion & Engagement
Chair: James Clayson
Location:Library (9 fl)
10:30  Chris Shelton
Beyond lesson recipes: first steps towards a repertoire for teaching primary
computing
11:00 Ploybussara Gomasang, Pintippa Sangwan and Chanikarn Wongviriyawong
Assessing Interpersonal Relationship Among Peers in a Constructionist Classroom:
a Probabilistic Method
11:30 Michael Weigend, Lisa-Marie Jung, Sarah Lenzen, Maike Gebhardt, Caroline FlaBhoff,
Alisha-Sophie Unger, Julian Wagner, Weronika Jarosz, Stella Kramer and Stefanie
Schweitzer
Learning Emotional Aspects of Digital Competence By Creating Artefacts
12:00 Nalin Tutiyaphuengprasert
Samba School of the 21st Century : Learning in the Break Dance Community in
Bangkok

XV
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10:30-12:30 Session 17C: Papers: Tools & Powerful Ideas
Chair.: Ken Kahn
Location:Constructionism Lab (10 fl)
10:30 Maite Mascaro and Ana Isabel Sacristan
Exploring randomness and variability in statistics through R-based programming
tasks
11:00 Angel Pretelin-Ricardez and Ana Isabel Sacristan
Programming videogames with models of physical parameters: some examples
11:30 Eleonora Badilla-Saxe and Florencia Morado
The Imaginatorium

12:00 Arthur Hjorth, Corey Brady, Bryan Head and Uri Wilensky
Turtles All the Way Down: Presenting LevelSpace, a NetLogo Extension for
Reasoning about Complex Connectedness

12:30-13:30 Lunch & Scientific Committee Meeting #2
Location: Cafeteria (5 fl)
13:30-16:00 Session 18A: workshop
Location . Constructionism Lab (10 fl)
David Weintrop, Arthur Hjorth, Corey Brady and Uri Wilensky
NetLogo Web: Bringing Turtles to the Cloud

13:30-16:00 Session 18B: workshop
Location:Main Auditorium (2 fl)
Ken Kahn
And now for something completely different: ToonTalk - a programming language

that is not textual, block-based, or procedural

13:30-16:00 Session 18C: workshop
Location.Fab Lab (10 f1)
Angel Pretelin-Ricardez and Ana Isabel Sacristdn

Videogame construction with models of physical parameters

16:00-16:30 Break Location: 2nd fl open space

XV



Constructionism 2016 Feb 1.5, Bangkok, Thailand

16:30-17:30 Session 19: Plenary 5

Chair.: Jose Valente

Location:Main Auditorium (2 fl)
Jose A Valente

Computational Thinking in School: reviving programming in the context of digital
culture

17:30-17:45 Closing
Location.:Main Auditorium (2 fl)

XVI
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Abstract

The recently revised national curriculum for primary school in Korea inserted constructive activities
with "linking cubes" for 6-th grade math class to improve students’ spatial abilities. In addition, with
the worldwide trend to regard coding education as great important, the Korea Ministry of Education
announced that the class for coding be mandatory at primary schools after 2018. However, due
to the absence of appropriate expressive systems for the shape of 3D cube stacks and the paucity
of coding educational tools for primary school students, the schools will be suffered from a lot of

difficulties to teach it.
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Figure 1. 3D turtle coding activity

i

As presented in Figurel, 3D coding activities with the 3D turtle representation system and the 3D
printer were designed to present the solution to overcome the hindrance. Moreover, the 3D turtle
coding activities are expected to play the role as a bridge between primary schools and middle
schools in both mathematics and coding education, which will make the students possible to
enhance spatial abilities in linked curricula.

Keywords

3D turtle representation system, turtle symbol, 3D printer, 3D turtle coding activity, powerful idea,
spatial ability, mathematics education, coding education
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1. Introduction

Logo is a learning environment where one can think and learn about abstract phenomena as a
cognitive tool for constructing geometric objects. Based on the basic ideas of Logo, Cho et al.
(2010) designed the 3D turtle representation system. In this representation system, the turtle
moves stacking 3D cube in a Logo-based microworld. The 3D turtle representation system
consists of turtle symbol such as s (moving forward), I/r (moving left/right), and u/d (moving
upward/downward). An example of constructing the two types of 3D cube stacks with these turtle
symbols is shown in Figure2.

Figure 2. The 3D turtle representation system

Cho et al. (2012) had designed a creativity contest for students where their artifacts can be
designed, expressed, and manipulated by using the 3D turtle representation system, thus leading
to learning through design. The advent of the 3D printer made it possible to produce a 3D solid
object which is designed and expressed by the turtle representation system in virtual space (Cho
et al., 2014a). Figure3 shows an airplane created in virtual space with the representation system
and its printout by using a 3D printer. The learning environment built into the representation system
not only engages learners in constructing artifacts, but also encourages them to explore the ideas
underlying their constructions in both virtual and physical worlds. The above-mentioned studies
have elucidated the role of 3D turtle representation system as a tool not only for the expression of
3D objects and communication but also for learning mathematics(Cho et al., 2010; Cho et al.,
2012; Cho et al., 2014a; Cho et al., 2014b).
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airplane made in virtual world by using turtle representation airplane printed by 3D printer

Figure 3. Airplane made in both virtual and real (Cho et al., 2014a)

The recently revised national curriculum for primary school in Korea inserted constructive activities
with "linking cubes" for 6-th grade math class to improve students’ spatial abilities. In addition, with
the worldwide trend to regard coding education as great important, the Korea Ministry of Education
announced that the class for coding be mandatory at primary schools after 2018. However, due
to the absence of appropriate expressive systems for the shape of 3D cube stacks and the paucity
of coding educational tools for primary school students, the schools will be suffered from a lot of
difficulties to teach it.
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The present researchers designed 3D coding activities with the 3D turtle representation system
and the 3D printer to solve the difficulties. Moreover, the 3D turtle coding activities are expected
to play the role as a bridge between primary schools and middle schools in both mathematics and
coding education, which will make the students possible to enhance spatial abilities in linked
curricula.

2. 3D turtle coding activities for Korean mathematics
education

As presented in Figure4, the 3D cube stacks chapter of the Korean primary school 6" grade
mathematics curriculum were added to the constructive activities with “linking cubes” recently. The
activities aim at developing students’ spatial abilities by manipulating linking cubes on students’
own.

Which one will look like A when

you turn it around or tum it upside If you put B and C together, will they become D1 (or

D2)?

down?
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Figure 4. Contents of the revised mathematics textbook for 6th graders at Korean primary schools

However, there are some practical and physical limitations when using linking cubes in class due
to their expense, weight and volume. What is more, there are no appropriate expressive systems
for the shape of cube stacks. Consequently, students and teachers are expected to experience
considerable difficulty in communication and problem solving.

To solve the problem on the right in Figure4, for example, it is necessary to eliminate C from D1
(or D2) and to check whether the remaining piece is identical to B. It is linked to the problem on
the left in Figure4. The problems in Figure4 are related to mental rotation, where the subject is
asked to compare two 3D objects rotated in some axis and stated if they are the same image of if
they are mirror images. Mental rotation of 3D objects is shown in Figure5.
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@A‘ @ B‘ ‘C‘
Figure 5. Mental rotation of 3D object (Shepard & Metzler, 1971)

Consequently, the present researchers designed and applied 3D turtle coding activities based on
a study by Cho, et al. (2014) and with the two following principles. These activities were based on
the 3D turtle representation system and 3D printers.

= Principle 1. Mentally constructing the floor surface of a 3D object by using a 3D printer
metaphor.

= Principle 2. Coding 3D cube stacks as a sequential process from the perspective of turtle
standing on the floor surface of a 3D object.

In other words, students were prompted mentally to construct the floor surface in virtual space and
to look at 3D cube stacks presented according to diverse axes and angles, as on the left in Figure6.
To achieve this, the present researchers introduced 3D printers, which started from the floor
surface, piled layers on it, and printed out 3D objects. In addition, students were prompted to look
at 3D cube stacks not as products but sequentially, from the perspective of the turtle based on the
3D turtle representation system.

Based on such 3D turtle coding activities, students were prompted to distinguish between the
types of 3D objects, as on the right in Figure6. This not only makes it possible to communicate
about 3D cube stacks but will aid problem solving in the “linking cube” activities.

& Bes

left type right type

floor surface
Floor surfaces of 3D cube stacks in both real and virtual world Left and right type in a Soma cube

Figure 6. Floor surfaces of 3D cube stacks and type of blocks.

To show the effects of the 3D turtle coding activities in mathematics education, pre and post tests
were conducted based on the right of Figure4. All participants were pre and post-tested before
and after activities. The two tests included the same items, which were revised and supplemented
versions of a study by Lee (2015). In the tests, students were presented with a 3D object C
consisting of B and a soma cube piece put together and to determine whether, after the removal
of the piece B, the remaining 3D object was L or R, as in Figure7. Here, they were to make a
distinction under the restriction of the left type (L) and the right type (R) of the soma cube.
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Deciding whether, after the removal of the piece B from C, the remaining 3D object is L or R.

Fow- o™

R?

Figure 7. The test item

The 23 male students in the first and second years at middle schools participated in the tests;
however, the two students which did not take the post tests were excluded, resulting in the total
data of 21 students. The tests were conducted on personal tablet computers, and students’
answers and response time per question were recorded. Students were requested to solve a total
of 24 test items, with a time limit of 20 seconds per question. When the data for 21 students were
analyzed, from pre to post tests, students’ average scores increased significantly (z = -2.56, p
=.025, N = 21; Wilcoxon signed rank test) and average response time decreased significantly (z
=-4.02, p < .05, N = 21; Wilcoxon signed rank test), respectively, as presented in Figure8.

score reaction time
24

11
22 10.03

209
20 / 7
oﬁ 6.14

18 5
Pre Post Pre Post

Figure 8. Test result

After the application of 3D turtle coding activities, students felt that they had taken the tests more
easily and accurately. As a result, the present researchers claim that the idea of 3D turtle coding
activities help students to communicate about 3D cube stacks effectively and solve the spatial
tasks precisely. Through the activities, it will be possible for the idea of 3D turtle coding activities
to provide mathematics education at primary schools with a powerful tool for communication and
problem solving.

3. 3D turtle coding activities for Korean coding education

With the worldwide trend to regard coding education as great important, the Korea Ministry of
Education announced that the class for coding be mandatory at primary schools after 2018.
However, due to the paucity of coding educational tools for primary school students, the schools
will be suffered from a lot of difficulties to teach it. Therefore the present researchers suggest a
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powerful tool for coding education at primary schools by providing a learning environment where
students design personally meaningful artifacts in a smartphone environment through 3D turtle
coding activities.

Resnick et al. (2005) has stated that best learning experiences come when people are actively
engaged in designing and creating things, especially things that are meaningful to them or others
around them. Figure9 shows the artifact that a student designed in a smartphone environment
through 3D turtle coding activities and shared and communicated through social media by each
other. & shows the artifact called a “firefighting helocopter”. A student designed the artifact in a
smartphone environment after seeing news of a forest fire in California recently. @ shows the turtle
symbol to constuct this artifact. 8 shows comments such as “It's cool,” “What a wonderful thought,”
and “Well done” posted by other students after the creator of the artifact posted the link to the
Internet news on the forest fire in California through social media.
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Figure 9. Communication through design activity Figure 10. Learning by design

As another example, Figure10 shows an “Eiffel Towel” created by another student in a smartphone
environment. At first, this student constructed the artifcat using the turtle symbol such as @.
However, the student felt inconvenience because of the step for turtle to go and come back to a
certain point. Subsequently informed of the “[ ]” symbol, this student revise commands by using it,
which are presented in @. Like the repeat sign in music, turtle remembers its position and direction
in ‘[, takes actions according to the given commands between | and ‘] and comes back to
when 7 is commanded. After revising commnands, this student said the usefulness of the “[ ]
symbol: “I think the [ ] symbol is useful because you can create shapes without having to return to
the certain point. It's fascinating :)”

By providing students with a learning environment where they could design artifacts, the present
researchers enabled them to feel the power of the turtle symbol and to experience learning by
design, where knowledge is mentally constructed in the design process. In addition, students also
shared and communicated their work through social media in real time. Through this, it will be
possible for design activities based on 3D turtle coding activities to provide coding education at
primary schools with a powerful tool.
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Closing remark

Papert (1980) has stressed the importance of “powerful ideas” that can be used as tools to think
with over a lifetime. Through 3D turtle coding activities based on the powerful idea of 3D turtle
representation system, the present researchers provided not only a solution to difficulty in
mathematics and coding education at primary schools but also ideas with leverage to students.
The present researchers confirmed the possibility of expanding the cognitive skill of spatial ability
by prompting students to take a structural and systematic approach to 3D cube stacks through 3D
turtle coding activities. Furthermore, these design activities experienced at primary schools will
provide a bridge for seeing 3D objects as patterns, as in Figurell, thus leading to the exploration
of pattern generalization including substitution process with variables. Also, 3D turtle coding
activities are expected to play the role as a bridge between primary schools and middle schools
in both mathematics and coding education, which will make the students possible to enhance
spatial abilities in linked curricula.

RE,

Figure 11. Substitution (Cho et al., 2014b)
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Abstract

This paper focuses on learner’s interpersonal relationship with their peers in classrooms, and
proposes one approach to probabilistically assess some aspects of learner's interpersonal
relationship using minimal information, which can complement other approaches. We collected
the data in a constructionist classroom of 8 students in Grade 2 at Darunsikkhalai School for
Innovative Learning in Bangkok, Thailand. Total time spent with peers and the number of peers
surrounding a student whose interpersonal relationship we are interested in studying (student X)
were recorded on a random 17 days in one semester (comprising 60 days). We present a
probabilistic analysis to estimate the expected number of peers surrounding any student who is
not X. In this way, the amount of peers surrounding X to that of a generic student can be compared.
Preliminary results showed that X had varying degree of interpersonal relationship in different
learning environments. This method allows us to maximally explore the potential of extracting
maximum information from minimum data collection, and may help facilitators identify or design
learning environments suitable for certain students.

Keywords
Constructionism; Learning Analytics; Interpersonal Relationship; Probabilistic Approach

Constructionist Classroom

An approach to “learning to learn” as proposed by Seymour Papert called Constructionism is
practiced at Darunsikkhalai School for Innovative Learning in Bangkok, Thailand. This school has
Grade 1 through Grade 12 classes. Our research was conducted in one of the Grade 2
classrooms. A facilitator incorporated constructionism into her classroom through various
activities. For example, during a project class, children would work on a project of their choice,
usually under a common theme. They would conduct experiments, build, and test their artefacts,
and later have conversations through a project show and share session. Some other activities
included learning to use tools in Fabrication lab (Fablab) to finish off their artefacts. Even in
English, Math, and Thai class, learners would, first, learn through constructing an object to think
with. For example, in Thai class, they learned about a festival called Loi Krathong (Festival of light)
by first making Krathong, which is a floating decoration used as an offering to the water spirits,
usually made from banana tree’s trunk, its leaves, and colourful flowers. The class’s facilitator
integrated other skills needed for learners to make such objects or artefacts, such as figuring out
where banana trees grow, and how to get trunks of banana trees, or other substitutes to make
Krathong, etc. Children would then present their work, and the class would converse on facilitated
topics such as, the implication of Krathong, the significance of a festival, etc. This process allows
learners to go back and forth between becoming embedded in their own world (through answering
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others’ questions or presenting their own artefacts) and emerging from the embeddedness
(through listening to others and processing new information), i.e. dancing back and forth between
dwelling in and stepping out—a necessary process to reach deepen understanding (Kegan, 1982;
Ackermann, 1996). Children learned Thai alphabets through, first, writing their own names, and
sharing it with others. Then they naturally became curious about other alphabets that were in
neither their names, nor their friends’. Learning continued on outside the classroom. They learned
English through singing songs, playing games or having conversations with native English
teachers.

When one student screamed and yelled at the others in class, the facilitator turned “a problem to
be solved” into “a problem to be learned”. Using facilitated dialogue, she created an atmosphere
and space where learners learned to connect with others, have empathy, and coexist with others
who are different. In this way, even a problem became a platform for collective learning, as Papert
called “playing with problems,” rather than “solving problems” (Papert, 1996).

This facilitator observed that children were better at constructing knowledge when they had a
certain degree of awareness of self and environment such as knowing when to talk or listen, and
how to respect others. When learned of Waldorf education and its benefits to help children develop
connections with environments, she decided to integrate Waldorf activities into her class, which
she thought would improve their learning. In Waldorf-inspired activities, children are invited to join
in group activities such as circle time, story time, or creative play, engaging both bodies and artistic
sensibilities to develop their bodily-will intelligence (Schmitt-Stegmann, 1997). Waldorf education
emphasises the appropriate awakening of each of the 4 bodies (physical body, etheric body, astral
body—that which responds to feelings or sensation, and the “I"—that of the human Ego) at
appropriate ages. From age 6/7 to 14 (children in this classroom), connection with others, rhythm,
repetitions and imaging are essential in developing what Rudolf Steiner termed “etheric body,”
when children have information imprinted in their minds as pictures and imagination (Steiner,
1996). In activities such as creative play, or circle time, everyone will sit in a circle and participate
in activities that require movements. Most activities are carried out while children are together.

Appropriate learning environments can facilitate and is necessary in the process of knowledge
construction. As Papert’'s works imply, knowledge is formed and transformed within an
environment. It is context dependent, and is constructed and reconstructed through personal
experiences (Ackermann, 2001). Hence, there should be certain learning environments that can
best facilitate knowledge construction. Moreover, knowledge in this sense is not transmitted from
one person to the next, but is co-constructed felicitously in an environment where they share and
learn from others. Others (as a part of the learning environment) are necessary in this
constructionist learning process. Therefore, a suitable learning environment (including people and
non-people) not only helps, but also is necessary in the process of knowledge construction. The
facilitator noticed that, for the most part, one student in her class stood out as lacking interactions
with others. However, she was unsure if this student’s low interaction was subjected to class
activities and learning environments (external), or the inherent lack of ability of this student to
interact with others (internal). Because of a wide range of activities that this student went through
on different days, the facilitator was unsure if she could conclude her findings about the student’s
peers interactions based on the infrequent observational data she collected, which was often
lacking in details. Additionally, the facilitator questioned if adding Waldorf-inspired activities to
constructionist learning environment allows her student to bring out such inherent ability to connect
better with others than if Waldorf activities were not to be added at all.

Our work sets out to assess some of their primary aspects of the learning environment with a focus
on peers interactions, and infer some potential causes of their variations across different learning
environments.

Assessing Interpersonal Relationships

Research has found that interpersonal relationships that provide students with a sense of
belongingness can serve as strong motivators for their interests in school (Deci, 1992).
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Additionally, positive relationships with peers are associated with academic performance
(Wentzel, 1998) as well as a positive perception of the self (Steinberg, 1990; Youniss & Smollar,
1987). Therefore, deriving a practical approach to quantify student’s interpersonal relationship with
their peers is of great importance for facilitators.

Conventional approaches to assessing learner’s interpersonal relationships are based on
guestionnaires about student’s perception of their relationship with others (Anand, 1999; Dryer &
Horowitz, 1997; Locke, 2000) or open-ended interviews (Chung & Asher, 1996; Erdley & Asher,
1996). In both approaches, students should be able to accurately communicate and express their
feelings regarding their relationships with others, which may or may not be suitable for kids at very
young age. These approaches still rely on student’s cognitive maturation and development of their
response strategies. Another important approach is observing individual learner's behaviours
while interacting with others. While observing learners’ behaviours during activities are necessary
for facilitators to understand all learners, doing so would require a full attention of facilitators during
class time. This can be extremely challenging to carry out and at times is impractical in the setting
of Thai classroom where a typical ratio of students to teachers is 16:1 in primary schools (World
Bank, 2015).

We propose one approach to assess certain aspects of interpersonal relationships or interactions
with peers during activities based on probabilistic analyses. Although this approach cannot
measure all aspects of peers interactions, it can offer primary insights and be practically
implemented in a dynamically complex classroom. This approach requires only a small set of
behavioural data for the estimation of the expected number of peers surrounding other students
in class, and the likelihood that a student of interest would be surrounded by more peers than any
other student in the same class. Such assessment can allow us to infer some degree of positivity
in peers relationship of one student in comparison to a generic student, making our estimation
independent of demographics of students in class.

Methods

Demographics

Data was collected from a Constructionist-Waldorf classroom that contains 8 students (5 male and
3 female students) with average age of 8.4 years old and standard deviation of 0.52. After the
objective and research methodology were explained to parents of all students, all of them agreed
to participate and signed the consent forms.

Data Collection

A facilitator wanted to assess the degree of peers relationship of a particular student (student X)
who has been identified as having difficulties with his/her peers. On the days that this facilitator
spent an entire day (from 9am to 4pm) with all 8 students (17 days in total), she randomly observed
and wrote down the number of classmates surrounding student X. We tabulated this data together
with the class schedule to obtain the frequency and time spent in each “type” of activity, which are
1) Base Activity (Story time, Project show and share, Circle time, Creative play, and Student club),
2) Main Activity (Projects, and Experiments), 3) Breaks (Lunch break, Milk break, and Snack
break), 4) Core Subjects (English, Math, and Thai), 5) Curriculum Activity (Physical education,
Scout), and 6) Fablab. Note that most activities in Base Activities (Story time, Circle time, and
Creative play) were inspired by the Waldorf education pedagogy, whereas Main Activity, Project
show and share, and Fablab were based on Constructionism.

Data Analysis

Since this is the preliminary study to assist facilitators in assessing some aspects of social
engagements during class activities, we aimed at computing 1) an index of relative popularity (IR)
of student X when compared with other students—that is the number of students surrounding
student X in an activity period, and 2) period of social interaction or attention to peers (Attn)—that
is the expected total time student X spent with his peers. Note that we assumed that IR and Attn
could represent some, but not all, certain aspects of interpersonal relationships.

10



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

Index of Relative Popularity (IR)

Taking into account the individuality of each student, we generate all possible combinations of
groups that contain a student of interest (student X in Fig. 1) and all possible sub-groupings that
contain the rest of the students. Since our data has shown that there is no single event where we
observed a group that consists of one student, we then eliminated all generated groups containing
one student. We then computed the probability of occurrence for each event. This was used to
compute the expected number of classmates surrounding any student who is not X in any event
(EN-x). Additionally, the expected number of classmates surrounding X in any event (ENx) was
also computed. The index of relative popularity of a student (IR) is defined as the expected number
(EN) of peers surrounding a student in a class. We also computed A, which is the relative
difference between IRx and IR-x, as (IRx - IR-x)/IR-x. These parameters were calculated for all
activities, which are Fablab, English, Thai, Math, main activity, base activity, gym, scout, play,
snack break, lunch break, and milk break.
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Figure 1. Images showing the steps to generate all possible combinations of groups containing a student
of interest, X (a red star). A) Entire class. X is a student of interest among all 8 students. It is marked in
red as a star, while other students are marked as circles in dark grey. B) A case when the facilitator
observed that X was surrounded by 3 students. Hence, the number of peers surrounding X (Nx) is 3. This
is one example of all possible observations. Facilitator noted the total time for each observation. C) All
possible combinations of groups without X. An algorithm populates all possible grouping, and counts the
number of groups, assuming that each student is uniquely different. Probability of each grouping was then
computed. D) All possible grouping for a student who is not X. We computed the number of peers
surrounding a student who is not X (N-x) in each grouping and, hence, the probability of a student who is
not X to have N-x peers surrounding him/er.

Period of Social Interaction or Attention to Peers (Attn)

The second aspect of peers interaction we set out to assess is the length of time a learner spends
with his/her peers in any given class activity. If a learner spends more time with peers during an
activity, we hypothesised that a learner pays more attention to peers than those who spend less
time with peers. We assumed that such expected total time spent with peers represented X's
attention on others (Attnx). Similarly, we computed the expected total time any student who is not
X spent with his/her peers in class was computed as (Attn-x). AAttn was defined as the relative
difference between Attnx and Attn-x, as (Atthx - Attn-x)/Attn-x. These parameters were calculated
for all activities, which are Fablab, English, Thai, Math, main activity, base activity, gym, scout,
play, snack break, lunch break, and milk break.

Results

Using this probabilistic approach to compute the number of friends surrounding a student of
interest as an index of relative popularity (IR), and the time this student spent with any of his peers
as an indicator of attention on others (Attn), we found that both IR and Attn of this student is not
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statistically significantly different from their peers. However, in a particular learning environment
such as FabLab, this student had a significantly reduced IR (-19.6% compared to his peers) and
Attn (-38.3% compared to his peers).

On average, this student has slightly smaller IR than when compared to that of other friends in the
same class by 1.6%, however, not statistically significantly different from his peers. On average,
X paid slightly less attention to peers than when compared to others in the same class by 3.6%,
however, not statistically significantly different from his peers.

However, IR of this student is significantly higher than others during milk break (11.7%) and scout
class (6.4%). Note that compared to peers, IR of this student was markedly lower than that of
others by 19.6% during FabLab, 6.9% in English, 3.6% in Thai classes. Similarly, Attn of this
student is significantly higher than others during milk break (10.1%) and scout class (15.5%). Note
that Attn of this student was markedly lower than that of others by 38.3% during FabLab, 13.4%
in English, 7.8% in Thai classes.

IR and Attn of this student during play time, math class, gym class, lunch and snack breaks were
not different from that of others (Fig. 2A and Fig. 2B). Despite having fewer peers surrounding X
during scout class than milk break, X spent more time with them, making the attention paid to
these peers higher than during milk break.
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Figure 2. Plots of Index of Relative Popularity (IR) and Attention (Attn) when compared with a Student’s
Peers in Various Learning Environment for a Constructionist-Waldorf Class. (Top) Percent Increase in
Popularity (%AIR) for various subjects of a student we are interested in compared to his peers. Only
during FabLab, English and Thai classes, and main and base activities, this student has lower IR than his
peers. (Bottom) Percent Increase in Attention (%AAttn) for various subjects of a student we are interested
in compared to his peers. Only during FabLab, English and Thai classes, and main and base activities,
this student has lower Attn than his peers. This student’s Attn was higher than his peers during scout class
and milk break.
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Discussion

Our objective was to assess some primary aspects of learner’s interactions, namely the number
of peers surrounding the student of interest (IR), and the total time the student spent with his peers
(Attn). Because recording the number of classmates surrounding each student in class during
each class in a dynamic classroom can be an extremely overwhelming task for a facilitator to do
in real time, we developed a simple approach to probabilistically estimate a number of peers
surrounding any student in class from as few data points as possible. This approach requires a
facilitator to only record a number of classmates surrounding a particular student of interest in
each class. Using even such small set of data, we could infer certain aspects of peers interactions.
Although these two measures do not represent the entire spectrum of learners’ interactions with
one another, they are two simple measures that are practical to collect by a facilitator while
conducting a class. Moreover, they revealed some information on this student’s interactions in
various learning environments, which can become useful feedbacks for facilitators in designing
classroom activities.

Interpretation of Results

We assessed and studied two aspects of student’s peers interactions: IR and Attn. A positive
(negative) IR means that X has more (less) surrounding peers than a generic student. A positive
(negative) Atth means that X has spent more (less) time with his surrounding peers than a generic
student did. We found that neither AIR nor AAttn of this student was significantly different from
zero, that is, the interpersonal relationship or peers interaction of this student was not statistically
significantly lower or higher when compared to that of other students. This could mean that X’s
peers interaction was comparable to an average generic student. Despite the lack of any
significant difference among students, we found significant variations in X’s peers interactions in
certain learning environments. Our data shows that in subjects other than FabLab, Thai and
English, this student’s interpersonal relationship is on par with others.

Nevertheless, in FabLab (representing a Constructionist learning environment), this student was
with fewer people when compared to his peers. However, in main and base activities, X were
surrounded by approximately the same number of peers, but slightly less peers for main activity
(representative of a Constructionist learning environment). During Fablab, X spent an average
time of 136 out of 360 mins with only one classmate. This could have resulted from the nature of
activity that may promote individual work rather than a collaborative work such as creative play or
circle time in a Waldorf learning environment. This implies that in this particular Constructionist-
Waldorf classroom, activities in Fablab may need to be adjusted to promote more interactions
among students if a facilitator chooses to harness more collective intellectual development. For
example, activities that encourage teamwork may need to be added to the existing Fablab class.
Certain practice such as reciprocal teaching as proposed by Palinscar and Brown could also be
applied in this classroom. In other words, discussion structured with four strategies: predicting,
guestioning, summarising and clarifying could be used to assist in constructing reasoning and
understanding of certain concepts (Palinscar & Brown, 1984). Such discussions may prove to be
a successful means to improve peers engagement of student X and, hence, further enhance
his/her learning as Palinscar and Brown’s work suggests.

Factors Influencing Learner’s Peers Interaction

There are many factors that could influence peers interaction, such as learning environments, the
nature of activities, inhomogeneity in peers relationship or personal preferences, etc. Even though
our results showed that IR and Attn varied across activities, it did not suggest the cause of such
observed variation.

One potential cause that could influence X’s behaviours is the inhomogeneity in relationship with
different peers. For example, X is unlikely to join the group that contains a classmate he/she does
not get along with. And if that classmate were popular, X would have likely not joined others. Since
we assumed that X’s preference did not change across different activities, it is unlikely the cause
of the observed variation in IR and Attn. Another potential cause of the observed variation in IR
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and Attn could be the difference in learning environments. If learning environments in Thai, English
class, or Fablab were modified to be similar to that during breaks, or scouts, we could expect X’s
behaviours to be improved. Reasons for this could be that the learning environment in language
(Thai and English) classes or FabLab did not, for this student, foster the desire to interact with
others. For example, if the classroom is too restrictive or clustered, compared to an open space,
learners may find it difficult to gather in groups. When there is not enough space for multiple
students to comfortably gather, and work together, the social interaction can be reduced. In
addition to the limitations in the physical space, activities organised during classes could also have
a significant impact on encouraging or discouraging interactions. For example, if activities during
language classes or Fablab are individual-based, it is unlikely that learners will gather in groups.

Knowing the detailed nature of activities in each environment may help us identify factors that
influence learner’s peers interaction. During Fablab session, out of 360 mins, X spent on average
time of 136 mins with only one classmate. It could be that X was deeply engaged in making his
artefact. In this case, we would then conclude that the reduced IR and Attn were not due to his
lack of ability to interact with others. However, it could be that X was disengaged from learning,
and not paying attention to group activities in Fablab. In this case, we would have concluded that
the reduced IR and Attn could have been due to his low peers interaction. This is when detailed
observations of X’s interactions become very useful and could help in identifying the true cause of
low IR and Attn in such learning environment. In a Waldorf-inspired activity, one would expect the
entire class to stay together. Therefore, when IR and Attn of X was lower than that of an average
student, we can expect a behaviour such as seclusion during activities. This could be the reason
why the facilitator of this classroom “felt” that X did not interact much with his peers, even though
our results showed that IR and Attn of X were not statistically significantly different from others.
Our future work would include collecting detailed observational data and video recordings to help
normalise for the effect of the nature of activity on peers interactions.

Limitations of our Approach and Future Work

Some limitations of our probabilistic approach, their potential effects on the interpretations
of results, and future work are discussed here.

Identifying causes of different peers interactions. Although we were able to estimate
variations in certain aspects of peers interaction, we could not identify the cause of the
reduced interaction in certain class activities, whether the cause of low peer interaction
was internal or external. However, details of the physical environment, the nature of
activities, and quality of the interactions among students would greatly help deepen our
understanding of this classroom. Moreover, it may help identify the cause of reduced
peers interactions.

Qualitative description of peers interaction. Qualities of such interaction will allow us to
understand detailed dynamics among children, which would be important when we want
to further understand mechanisms that enable some learning environments to improve
peers interactions, and some to discourage peers interactions. This could be done through
analysing interviews, video recordings, or conversation that happened during the
interaction of interest. Such information can be used to further identify and understand the
specific mechanism that encourages or discourages peers interactions.

Impact of inhomogeneous peers interaction or personal preferences. In our analysis, we
assumed that all groupings had equal probability. However, there could be an underlying
negative relationship among peers that could impact potential grouping of learners. For
example, given that X does not interact well with Y, when Y is interacting with others peers,
it is unlikely that X will join in. Since the inhomogeneity in X’s relationship with others is
not likely to change in different activities, we expected that the observed variations in IR
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and Attn would remain unaltered. However, detailed observations and qualitative
assessment of peers interactions would add interesting dimensions to our future analysis.

Nevertheless, our probabilistic approach offers a practical means to assess certain
aspects of interpersonal relationship among peers via two measures: 1) the surface
popularity index and, 2) attention measure provide advantages. Due to the limited data
collected real time by class’s facilitator, our approach would make it easy for facilitators to
collect research data based on an observation of one student as compared to what could
have happened in a general case. Furthermore, our analysis provides an alternative to
guantitative assessment of primary aspects of peers interactions.

Conclusions

This paper’s main contribution is presenting a probabilistic approach to assess primary aspects of
interpersonal relationship among peers, such as popularity of a student, and the length of time the
student spent with peers during class activities. Analyses of these primary aspects yielded
interesting results. Peers interactions of a student whom a facilitator felt was having too little peers
interaction was not statistically significantly different from others. However, a variation of peers
interaction across class activities was observed. In Thai, English, and Fablab, these primary
aspects of this student’s peers interaction were significantly lower than others. Nevertheless,
during scout and milk break, these primary aspects of this student’s peers interaction were
significantly higher than others. We speculated that causes of such variations in peers interaction
could be due to differences in the nature of activities, inhomogeneity of peers interactions, or
learning environments, etc. In the future, this analysis can and may be useful in identifying learning
environments that enhance interpersonal relationships for various students, if systematically
tested. Moreover, this approach offers a tool to gather primary data, which if combined with more
gualitative data collection, could help deepen our understanding in this endeavour.
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Abstract

In 2014, the UK government introduced a new National Curriculum for state schools in England
with a greater emphasis on computer science and computational thinking. Teaching this new
curriculum presented challenges to many primary school teachers and led to a demand for
professional development and exemplar teaching resources. This paper argues that many of the
resources created in response to the revised curriculum are ‘recipes’ for lessons that fail to prepare
teachers to teach challenging and purposeful computing lessons. It argues that, instead of
providing recipes, we need to develop teachers’ ‘repertoire’ of strategies for teaching computing
and that our approach to doing this should take account of the context in which primary teachers
now work.

The paper describes professional development practices designed to help less confident teachers
take their first steps away from model lessons and towards computing projects that reflect the
needs and interests of the pupils they teach.

In particular, this paper will focus on two aspects of these practices: a teaching sequence intended
to scaffold teachers in planning and teaching computing, and an approach to meeting the needs
of the range of learners in a primary classroom through self-directed challenges. These were
intended to support primary school teachers in improving their confidence and capability to plan
and teach computer programming.

@EPRIE Create  Explore  Discuss  Help Join Scratch ~ Sign in

Guessing games (0 Followers)

Projects (4) Comments (0) Curators Activity

Updated 12 May 2015
Selection challenges

Figure 1. Scratch studio of learning challenges
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professional development, computing, computational thinking, primary schools, elementary
schools, pedagogy
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Introduction

This paper describes professional development practices designed to develop primary school
teachers’ confidence and capability to plan and teach computer programming. Within the
constructionist community, there is a long tradition of very successful approaches to professional
development for teachers. In the UK, however, recent changes to the National Curriculum for
England and the wide availability of new example teaching materials have changed the landscape
for primary computing and led to new demands for teacher professional development. This paper
discusses an approach to support teachers to plan purposeful computing activities, including those
teachers who are risk-averse or lack the confidence to step outside familiar and ‘safe’ teaching
approaches.

As this paper claims that the context in which teachers are situated should shape our approach to
professional development, it will first set out the context for primary computing in England. It will
then discuss two aspects of professional development: a teaching sequence intended to scaffold
teachers in planning and teaching computing, and an approach to meeting the needs of the range
of learners in a primary classroom through self-directed challenges.

Context and background

In 2014, the UK government introduced a new National Curriculum for state schools in England
(DfE 2013). One of the biggest departures from the previous curriculum (that had been in place
since 2000) was that the subject of Information and Communication Technology (ICT) was
renamed ‘Computing’ and the content of this subject was revised with a much greater emphasis
on computer science and computational thinking. These changes presented challenges for
teachers of primary pupils (ages 5-11), the majority of whom are non-specialists with limited or no
experience of computer science.

Unsurprisingly, teachers’ lack of subject knowledge alongside a curriculum that introduced
complicated and unfamiliar vocabulary posed a challenge to the introduction of the new curriculum
(though arguably, this vocabulary could be seen as fairly uncomplicated concepts disguised in
technical language). While there is a strong tradition of high quality computing in the UK, most
notably, the teaching of LOGO enthusiasts and a small core of schools where children achieved
much more than the requirements of the National Curriculum, achievement in primary schools
prior to 2014 varied widely. According to Ofsted (2011), in nearly two thirds of primary schools the
teaching of ICT was good or outstanding but there were particular weaknesses in the teaching of
programming or ‘control’ technology.

Solutions to this challenge have been numerous. The UK Department for Education provided
some funding for professional development for teachers notably through a website: ‘Barefoot’
computing (http://barefootcas.org.uk) and the Computing At School (CAS) subject association. In
parallel to this, initiatives such as the ‘Hour of Code’, code clubs, and commercial publishers of
teaching materials offered an increasingly wide choice of resources to teachers. This has included
online ‘coding’ puzzles, lesson plans for lessons using computers and ‘unplugged’ activities that
teach principles of computer science away from the computer itself. Such resources offer teachers
‘easy wins’ in their high pressured and busy schedules. At a local and regional level, there has
been a rise in demand for continued professional development as schools search for teachers
with expertise to offer training to their schools. Many of these professional development events
have needed to concentrate on building teachers’ confidence and providing reassurance. As
teachers have developed their subject knowledge and been able to relate the vocabulary of the
curriculum (computational thinking, algorithm, selection, etc.) to their practice they have grown in
confidence and their initial fears have been quelled. As a result, they have adopted some of the
example lesson ideas they have been given and started to teach computing to their pupils.

However, although these resources and basic computing skills training has provided an initial
solution to teachers’ anxieties about what to do in their new ‘computing’ lessons, they fail to equip
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teachers to be able to design the rich, open-ended learning opportunities that will most benefit
their pupils and that are a feature of the practice of constructionist teachers.

In fact, many of the teaching resources provided in response to the demands of the 2014
curriculum are best understood as lesson ‘recipes’. Alexander (2010) draws a distinction between
teaching ‘recipes’ and teaching ‘repertoire’. While lesson ideas and exemplar plans can provide a
lesson recipe for teachers to follow, and this can be exactly what an anxious and inexperienced
teacher desires, for a teacher to be able to design activities that meet the needs of the pupils they
teach, they need to have a repertoire of teaching strategies that they can use and adapt based on
their professional judgement. However, it can be very challenging for teachers to have the
confidence to step away from model lessons designed by ‘experts’ and to take full control of their
lessons even though classroom teachers are best placed to know the individuals they teach and
to make connections between the required curriculum and the interests and aptitudes of their
pupils. Alexander suggests that in primary education, educators need to “work towards a
pedagogy of repertoire rather than recipe, and of principle rather than prescription” (2010, p511).
This is particularly the case for computing in England at this time. As the initial shock of a new
curriculum and the new language of computer science begin to fade, English primary teachers
need support to move beyond the recipes they have been using in the first year of the computing
curriculum and to develop a teaching repertoire that will support them and their pupils to achieve
much more than the National Curriculum requires. In addition, it is a grounding in principles of
good practice (and, in particular, constructionist principles) that can help to provide teachers with
the confidence to do this.

This paper discusses some of the practices that have developed over the last year of attempting
to develop primary teachers’ computing repertoires in the new context they find themselves. The
principal aspect of the approach described here has been to present a particular teaching
sequence that can be seen as a first strategy to adopt. It is envisaged that this sequence, far from
being the only way to teach computing, is a first step towards building a teachers’ repertoire: a
single strategy but one that can be applied in many lessons and which lends itself to being adapted
for different topics. At its heart is the assumption that children will learn computing best through
the creation of meaningful projects rather than limited puzzles (Resnick, 2014). The second aspect
of this approach is to help teachers to learn to meet the needs of the learners in their class through
self-directed challenges.

In addition, this paper will make explicit the connections between these teaching approaches and
two other concerns of primary teachers: dialogue and ‘mindset’. This serves to help teachers to
connect what they need to do when teaching computing to their understanding of good practice in
the rest of their teaching, specifically, the importance of dialogic teaching (Alexander, 2006) and
the benefits of encouraging a ‘growth mindset’ (Dweck, 2006). These are increasingly becoming
accepted ideas amongst UK educators and as such, provide a familiar anchor from which to start
improving computing teaching.

A teaching sequence for primary computing: “UpTIME”

Soon after the launch of 2014 National Curriculum, it became clear that the initial professional
development focus on teachers’ programming or ‘coding’ skills and knowledge of computer
science concepts and vocabulary, whilst important, was not going to give teachers the pedagogic
skills necessary to move beyond the lesson ‘recipes’ that had suddenly become popular in primary
schools. Therefore, the challenge for teacher professional development was to encourage and
support teachers to take greater control of their planning and teaching for computing. While some
teachers were quick to appreciate that the language of the National Curriculum can be interpreted
very broadly and that it provides scope for varied and exciting lessons, others needed much more
support and reassurance.

During 2014-15, staff at the University of Chichester were asked to run a sequence of computing
workshops for pupils from local primary schools. These focused on using Scratch to meet and

19



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

exceed the requirements of the National Curriculum (and also on empowering pupils to return to
their schools and support others who were learning computing). In discussing with teachers how
these sessions were designed and the principles underpinning them, it was clear that an analysis
of these workshops could provide a template for future planning. This template became the
teaching sequence described below. The intention of this work was not to provide another lesson
‘recipe’ but rather to provide a scaffold — a structure and strategy for planning that could be applied
across many aspects of the computing curriculum. Secondly, the sequence was designed in such
a way that by introducing the sequence, both new and experienced teachers would be made aware
of some of the principles that underpin computing teaching.

A single page summary of the teaching sequence written for teachers and intended to be used in
professional development sessions can be found online at:

https://challengingcomputing.wordpress.com/uptime/

The teaching sequence was given the acronym “UpTIME” which stands for:

Use/ play
Tinker
Improve
Make
Evaluate

It is designed as a simple way to plan effective sequences of activities to teach computing that
teachers can use or refer to when planning. There is intentionally no indication of how long
teachers should spend teaching the sequence or on any individual part of the sequence and, in
fact, teachers are encouraged to consider how it might be used within a single lesson or over a
much longer series of lessons.

For experienced teachers, one of the most exciting things about project-based learning in
computing is that children will surprise us by developing ideas and products that we could not have
imagined at the start of a project and that ‘teachable moments’ present themselves when least
expected. However, for the teachers for whom this teaching sequence is intended, this can be a
daunting prospect. Therefore, the sequence encourages teachers to identify a specific aspect of
computing that they wish their pupils to learn based on their prior assessment of pupils’ learning.
It is intended as a ‘learning driven’ rather than ‘activity driven’ approach which complements the
pedagogic practices that they are familiar with from English primary teaching.

U/p — USE / play

The first stage of the sequence is intended to allow teachers to provide an authentic and
purposeful context for the computing concepts and skills that they want their pupils to learn. It
encourages teachers to allow their pupils to use programs that make use of the specific elements
of computing being taught and, if this program is in the form of a game, then to play the game. For
example, if the teacher has identified that their pupils need to develop their understanding of
variables then they might play a game that makes use of variables in a number of different ways,
e.g. for scores, lives or levels.

Some of the lesson ‘recipes’ used in UK schools begin by introducing abstract concepts or
vocabulary (often away from the computer). While there can be a place for this, teachers need to
motivate and enthuse their class and help them to see the relevance of what they are being taught.
Playing games that use the concepts that will be introduced later is one way of providing a context
for later work. Alternatively, sometimes the initial program that children use or play may be
incomplete or ‘broken’ to draw their attention to the part of the program that has gone wrong.

One aim of the sequence is to maximise opportunities for children to learn through productive talk
with peers and adults so at this stage teachers can be encouraged to ensure that pupils try to
explain to a partner or the class how they think the game works.

20


https://challengingcomputing.wordpress.com/uptime/

Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

T —TINKER

The second stage in the sequence asks teachers to let pupils investigate the particular learning
focus by tinkering with the program or game that they have already used. This involves pupils
looking closely at the program, discussing with their partners how it works, changing the program
and seeing what happens. Papert (1993) described learning itself in terms of tinkering or
‘bricolage’: “building up a set of materials and tools that one can handle and manipulate” (p173)
and here the pupils are learning through their manipulation of the program.

This is also an opportunity for the teacher to encourage ‘dialogic’ talk that is cumulative, reciprocal,
supportive and purposeful (Alexander, 2006). They can share their pupils’ ‘tinkerings’ with the rest
of the class and let others build on these ideas. They can also elicit key concepts and model the
vocabulary they want their pupils to use.

| - IMPROVE

As soon as pupils start tinkering, they discover ways to ‘break’ programs and ways to improve
them. At this stage, teachers are encouraged to allow the children to make small purposeful
changes to programs. Some of the ideas for improvement will come from the children while others
may be designed by the teacher. It is at this stage that teachers are encouraged to cater for the
range of abilities that can be found in their class through setting a variety of different learning
challenges (see below).

M — MAKE

This stage is the most crucial and the teaching sequence is designed to scaffold teachers towards
this. By giving children the opportunity to design and make their own projects, they develop
independence, are motivated to learn new concepts to achieve specific outcomes, and enabled to
make connections between abstract concepts and their application. Here, teachers can support
pupils to design programs, decompose them into manageable tasks, create, debug and share
their work.

However, by placing these open-ended (and potentially daunting) projects within a focussed series
of activities, the sequence supports teachers in two ways. Firstly, by helping them to connect such
projects to the specific demands of the National Curriculum and, secondly, by allowing them to
gain confidence through fairly tightly defined activities before ‘letting go’ and enabling their pupils
to explore more widely.

E — EVALUATE

The final part of the teaching sequence is ‘evaluate’ but this is not meant to imply that pupils only
evaluate their work (both their learning and their programs) at the end of the sequence. Children
will evaluate their work at every stage of this teaching sequence: they will evaluate other peoples’
programs at the start of the sequence and they will improve and debug their own programs
continually when programming. But, in addition to this, teachers need to create space in their
timetable for individuals and groups of children to reflect upon and evaluate the technologies they
have used, their own creations, their skills and their learning.

Setting suitable learning challenges

If there is one event that most clearly demonstrates the limitations of model lessons and teaching
‘recipes’, then it is when these lessons fail to meet the needs of many of the children in a group.
In any primary classroom, the pupils will have a wide range of attainment in computing. While
some children may have had limited access to technology outside of school, others may use
technology frequently at home and enjoy to explore and creative with digital tools. As a result,
lesson ‘recipes’ designed for an imaginary class of children can frequently fail to meet the needs
of the most or least confident pupils.
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In the UK, primary classes are rarely set or streamed and teachers are experienced in catering for
a wide range of attainment in one class. However, media images of children as expert computer
users (cf. Selwyn 2003) can lead teachers to view their pupils as very likely to be much more
knowledgeable about computing than they are and this can lead to anxiety about teaching
computing.

As a result of this concern, a second aspect of professional development for primary teachers has
been to demonstrate and promote an approach to meeting the needs of the range of learners in a
primary classroom through self-directed challenges. This is intended to help teachers ensure that
all their pupils are suitably challenged, in particular that higher attaining pupils are extended but
that those who might struggle with computer programming do not become frustrated and
disengaged.

As mentioned above, one of the aims of this approach is to make connections between the
teaching of computing and primary teachers’ understanding of pedagogy in other subjects that
they may be more confident teaching. In this particular case, it is useful to introduce the approach
with reference to Dweck’s (2006) work on ‘growth mindsets’ and the application of this to the
primary classroom through the ‘Learning without Limits’ project (Hart et al., 2004).

Carol Dweck’s work on ‘growth mindsets’ has grown in popularity in the UK and increasingly
teachers are becoming aware of the difficulties caused when teachers view pupils as being of
fixed ability and when pupils view themselves this way. In addition, Hart et al. (2004) have
demonstrated how the practice, commonly found in England, of classifying children as ‘high ability’
or ‘low ability’ learners can lead to unhelpful fixed mindsets.

If we apply these ideas to teaching computing, then those pupils labelled as ‘low ability’ may
believe that they will never be able to master computing while those labelled as ‘high ability’ may
become reluctant to take risks for fear of making mistakes — a particular problem for a subject like
computing that has ‘tinkering’ and learning through error at its heart.

One of the strategies used by schools in the ‘Learning without Limits’ project to encourage children
to fully participate and take responsibility for their learning was the use of learning challenges. In
applying this to the teaching of computing and the demands of the National Curriculum, teachers
are encouraged to set three or four challenges for their pupils and to allow the children to select
the most appropriate challenge for themselves. Pupils are not required to work through all of the
challenges in order but are encouraged to take responsibility for their learning.

For example, at Key Stage Two of the National Curriculum for England (Key Stage Two refers to
pupils aged 7-11), pupils are required to “work with variables”. If a teacher is using the ‘UpTIME’
sequence, then the children might begin by playing games that include variables for scores, levels,
etc. Then they will tinker to discover how these variables work and the teacher will lead the class
in exploring and discussing the concept of variables and how (and why) they are used. The
tinkering stage should be quite open-ended so that pupils have some freedom to explore for
themselves but this should not overwhelm anyone so the teacher might set some ‘tinkering
challenges’. Then he/she might ask the children to improve the games and could set simple
challenges (e.g. change how many points are scored each time) or more complex ones (e.g. add
a new variable to represent how many ‘lives’ the player has left and make the game finish if they
lose all their lives).

If the teachers are using Scratch then studios can be very effective ways of sharing the set of
challenges. Below is another example — a Scratch Studio of challenges called ‘Guessing Games’
(see Figure 1).
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Selection challenges

Figure 1: Guessing Games Studio

This studio was designed to help teach selection using ‘if’ statements. The four different Scratch
projects all use the ‘if’ or ‘if...else’ block but get progressively more complex. Guess My Number
1 is the simplest program and allows pupils to focus on how the ‘if’ condition works. The second
version improves the guessing game but is more complicated (for example, the ‘if’ block is nested
within another block). The third game shows how the game can work with words as well as
numbers while the fourth introduces ‘more than’ and ‘less than’ operators. The four games can be
used to challenge pupils in several different ways. For example, a teacher might ask his/her pupils
to choose one of the games and explain how it works to a partner, or they might ask pupils to
improve one of the games and let them pick one that they feel they understand as their starting
point. For a different class, a teacher might need to give the children more challenging
opportunities, for example, a challenge to create a game that uses random numbers or that keeps
a count of how many attempts it takes a user to guess the correct answer.

In summary, encouraging teachers to set a range of learning challenges in computing gives them
a strategy to meet the needs of the range of learners in their class while also helping to make
connections between this ‘new’ subject of computing and their existing understandings of effective
primary pedagogy.

Conclusion

Faced with the multiple challenges of life as a teacher in the 21% century, it is no surprise that
educators rush to collect teaching ‘recipes’ that offer easy solutions to planning computing. But
while the limitations of such recipes are well known, finding accessible ways of moving from
recipes to a varied teaching repertoire is challenging. While we know that enthusiastic teachers
will find ways of navigating through curriculum documents and teach in innovative ways, more
support is needed to help less confident teachers.

The teaching sequence offered here is not a recipe to teach a single lesson but rather a tool for
teachers to use and adapt to enable them to meet the needs of their pupils. The teaching sequence
described in this paper might be thought of as a scaffold to support teachers as they move from
following recipes to designing purposeful and authentic teaching and learning experiences. It is
not intended as an end in itself but rather as a first step in the direction of a wide constructionist
teaching repertoire.

A number of questions remain about how teachers develop a full and varied pedagogic repertoire
for computing that require further empirical investigation. We are beginning to explore how the
teaching sequence described here is used by teachers and what other approaches might function
as first steps to encouraging teachers who are confident enough to abandon their recipe books
and design their own teaching and learning opportunities. In addition, while there is excellent
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evidence for the use of dialogic teaching that uses digital technology to enhance learning across
the curriculum (e.g. Wegerif and Dawes, 2004), more research is needed to investigate how
teachers can be supported to model and promote exploratory talk when teaching computing.
Similarly, while there is excellent work on growth mindsets in certain other subjects, there are
opportunities to do more to investigate how these concepts relate to the teaching of computing.
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Abstract

The ScratchMaths (SM) project sets out to exploit the recent commitment to programming in
schools in England for the benefit of mathematics learning and reasoning. This design research
project aims to introduce students (age 9-11 years) to computational thinking as a medium for
exploring mathematics following a constructionist approach. This paper outlines the project and
then focuses on two tensions related to (i) the tool and learning, and (ii) direction and discovery,
which can arise within constructionist learning environments and describes how these tensions
were addressed through the design of the SM curriculum.
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Introduction

Computer programming is undergoing a renaissance in English schools. Recent policy and
curriculum initiatives have resulted in ICT being replaced by computing across all ages from 6 to
16 years. These changes have been motivated by a concern about students leaving school with
little understanding of computer science or the creative side of computing (Furber 2012). From
September 2014, schools in England® have to teach the new National Computing Curriculum (DfE
2013), which requires students to learn about how computational systems work, to use technology
safely and to design and build their own programs. At least at the policy level, computing is
recognised as not just about programming per se, but programming as a modeling tool: a key
component of thinking that allows ideas to be brought to life and explored in different subject areas
and contexts. How far this will happen in practice is of course a complex matter shaped by schools,
teachers and available resources (material and people) to support this work.

Much of the research in the field of programming within schools was conducted in the latter part
of 20" century before the advent of the many new blocks-based programming environments
developed specifically for young users (Weintrop & Wilensky 2015). One is Scratch, used by a
huge number of young children in and out of school (with over 2 million registered users aged
under 12 years). The popularity of this style of programming for use with novice programmers is
in part due to its ease of readability, composition and browsability alongside its interactivity, and
visual and dynamic outcomes (ibid).

In this paper, we introduce the ScratchMaths (SM) project, which aims to build mathematical
knowledge through programming in Scratch during a 2-year intervention for students aged 9-11
years. We set out to exploit programming to support mathematical reasoning in pre-specified
mathematical content areas and thus will explore among other areas, Papert’s (1972) claim that
learning to program in carefully designed ways should “make it easy to learn algebra and

L within England a growing group of schools known as academies do not have to adhere to the national curriculum so
can opt out of computing - an interesting dilemma
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geometry” (p.4). We describe the design process leading to a constructionist curriculum and
professional development program where students are able to exploit the powerful ideas of
computational thinking and programming tools to engage in mathematical thinking. We borrowed
from Brennan (2015) the identification of a number of tensions in supporting constructionist
approaches?, in this paper we focus on two: the tensions between (i) tool and learning, and (ii)
direction and discovery. We describe how these tensions were addressed in the design and
implementation of the SM curriculum.

Background

Tension between tool and learning

In the 1970s and 80s the earliest research in schools took place that explored the potential of
learning mathematics through programming languages, (such as BASIC and Logo), (Hoyles &
Noss 1992). As Logo became more integrated into schools, a perception grew that programming
was too difficult to have any widespread impact on mathematics learning. An often-cited reason
for this was the perception of programming as an overhead — something to be squeezed into an
already-overcrowded curriculum. As Resnick et al. (2009) point out, the difficulty of mastering
programming syntax, and the lack of specific skills’/knowledge that was required by teachers to
effectively guide or challenge students in capitalising on these early programming tools, posed
problems in exploiting this potential. There are now growing concerns that this perception may
come full circle with the ‘floor’ being lowered so far that novice programmers are discouraged — or
at least, not encouraged — from engaging with the underlying concepts, which may in part be due
to the implicit ways compilation errors are handled in tools such as Scratch. Thus, they can achieve
a visually pleasing outcome on the screen almost ‘by accident’ with no desire to ask why it
happened.

The accessibility of the programming tool, and the process of learning through programming using
the tool, is identified as the first of Brennan’s tensions. Brennan (2015) describes this as the
necessity of achieving a balance “between knowledge about the tool and understanding of how to
engage in creative design activities, using the computer for personal expression and problem
solving” (a similar analogy in mathematics education is the focus on what is termed
instrumentation) . Furthermore, there remains the critical challenge to exploit knowledge that has
been gained within programming contexts to promote engagement with mathematical ideas and
reasoning (Hoyles & Noss, 1992).

Despite recent innovations of programming tools, which aim to support a constructionist approach
to learning whilst making the tool more accessible to a more diverse range of learners, the tension
between content knowledge of the programming tool and pedagogical knowledge is still an
important issue to address within the classroom. In their commentary on Brennan’s paper Gash
and McCloughlin highlight the close relationship between content and pedagogy, suggesting that
teachers may find it easier to address the pedagogical issues. Furthermore through their
observations and interviews with teachers (primary, secondary and university) during a series of
Scratch workshops, Bustillo and Garaizar (2014) suggest that often students and teachers “have
a limited, immediate, and concrete vision of using Scratch (e.g. a step-by-step guide to program a
video game during a semester), instead of realizing the cross-curricular potential of computational
thinking”. They advocate a set of best practices, learning guides and curriculum models to help
teachers and students encounter the richness of the pool of ideas embedded within Scratch. We
concur but would go further: teachers need to appreciate the core goals of the programming
activities, the power of computational thinking skills and the purpose of exploiting them in
mathematics.

2The complete list of tensions include (i) tool and learning, (ii) direction and discovery, (iii) individual and group, (iv)
expert and novice, and (v) actual and aspirational.
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Tension between direction and discovery

Much research in this field has focused on extra-curricular activities that were either voluntary or
involved specially selected students, with rather few studies in naturalistic classroom settings (Lye
& Koh 2014). Israel et al. (2015) also note the lack of research examining how teachers implement
school-wide computing initiatives at the elementary level and particularly highlight this as the case
for diverse students (in terms of background and including those affected by poverty or disability).
Bers et al. (2014) claim that one key factor in the successful implementation of a programming-
based curriculum is to understand how to support individual teachers’ needs, especially in terms
of curriculum modifications, classroom management alternatives and forms of adult support.
Furthermore one failure with early programming initiatives was a neglect to design explorations
that linked to young learner’s interests or experiences (Resnick et al. 2009).

Defining the role of the teacher and the details of the curriculum design also present a challenging
dilemma that needs to be addressed. This was framed as the ‘play paradox’ by Noss and Hoyles
(1996): the problem of designing a learning activity in a way that allows students to explore and
construct ideas for themselves, but also ensuring that they encounter the powerful ideas
embedded within the activities; thus balancing exploration and guidance. Brennan’s second
tension (2015) resonates with this paradox: i.e. the tension between “direction (providing
resources in advance, anticipating and steering learner needs) and discovery (making resources
available when they are needed, in response to learner needs)”. We claim however that an
overarching challenge for those whose interest lies in teaching mathematics more effectively is
not only one of pedagogy, but of defining and elaborating new kinds of mathematical knowledge
that can be expressed by programming. We now turn to the SM project, which has attempted to
tackle this challenge.

The ScratchMaths project

Programming in schools has been shown to have the potential to develop higher levels of
mathematical thinking in relation to aspects of number linked to multiplicative reasoning,
mathematical abstraction including algebraic thinking as well as problem solving abilities
(Clements 2000). More recently, attention has been paid to defining computational thinking
(McMaster et al. 2010; Wing 2008), which is seen by Wing, for example, as part of a ‘family’ of
different aspects of mathematics thinking (Wing 2008). This relationship helps to explain why
programming and computer-based mathematical instruction have been found to have a positive
effect on both student attitudes, and on attainment in mathematics (Clements 1999). But of course,
such results depend fundamentally on the design of materials, support and implementation. The
SM project aims to maximise the benefits of programming for students' mathematical thinking,
reasoning and attainment. The overarching goal of the research is to iteratively design and
evaluate, both quantitatively and qualitatively, materials for students and teachers that directly
address the learning of computational thinking and its exploitation to enhance mathematical
engagement and attainment.

ScratchMaths is a 3-year research project involving a 2-year intervention with students aged 9-11
years. The intervention is intended to comprise approximately 20 hours teaching time across each
of these two school years, with the first year focusing on computational thinking with an implicit
mathematical component, and the second year foregrounding explorations of key mathematical
concepts using programing tools. The intervention has been subject to cycles of iterative design
research with the final quantitative outcome measure being based on national standardised
mathematics test scores, taken by all students at the end of primary school.

Methodology

Design workshops

At the start of the project seven teachers from four London primary schools were recruited to act
as ‘design partners’ for the SM intervention. The teachers were either class teachers or had
responsibility for teaching computing for this age range, and had a variety of experience with using
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Scratch ranging from none to reasonably experienced. The teachers attended five ‘twilight’ design
workshops at the university to help them to understand the main features of Scratch as a
computational tool as well as to encourage them to work collaboratively with the project team to
design, test and evaluate potential student activities. The teachers also shared some of their
experiences of teaching computing and maths, with project team members visiting each of the
schools to observe some lessons. This design phase established that the intervention needed to
be appropriate for teachers with a range of experience in computing and in using Scratch as well
as for students of wide attainment levels and support needs®. It was apparent that the materials
needed to be clear as to ways the intervention could fit within an already full teaching schedule
through making explicit links with the existing curriculum, as well as signpost critical teaching
points and progression and suggest discussion opportunities to reinforce understanding.

The project team also conducted several intensive internal design workshops to set out a high-
level overview of the entire SM curriculum guided by existing knowledge and experience from
within the team’s prior research and the findings from the design workshops and school visits. This
overview identified the key concepts to be introduced and an overarching structure. Each year
would be structured into several modules, each with multiple investigations, and each of which
comprising a series of activities, mixing hands-on and unplugged. The activities for the first
investigation were then planned in detail so it could be trialled in the design schools.

Design research in schools

A design research approach was followed primarily to establish the suitability of materials for use
within the current primary school context and how far the teacher was able to understand and
communicate the key learning objectives of each activity as well as feel comfortable with the
content. The activities needed to be: sufficiently adaptable so as to be accessible for all students
while offering challenges for the higher attainers, and also presenting a balance between
scaffolding of concepts and space for exploration. Further the structure of the content was modified
so it could be taught in lessons of varying length and frequency. The design research was
undertaken in four design schools over a year with one school progressing through the entire Y5
curriculum with three Y5 classes and the remaining three design schools testing a subset of the
materials with Y5 students in their schools. During the lessons in which these materials were
trialled, three researchers with a range of backgrounds, which included expertise in computer
science, mathematics teaching and primary school research, conducted observations. This
involved the researchers writing extensive field notes during these observations and speaking with
both teachers and children to gauge the appropriateness of the different materials. After each
lesson observation the researchers met to discuss what worked well and where improvements
could be made to the materials. Minor changes were agreed amongst this sub-team, with more
significant changes discussed with the wider project team. The materials were then trialled again
with a different class (or in the case of substantial modifications the same class) to check the
appropriateness of these changes.

Addressing the challenges through design

One key outcome of the curriculum design process described above was a ‘framework for action’
(DiSessa & Cobb 2004), which we named the “5Es™. This framework (consisting of five unordered
constructs) was clearly framed by a host of research into good practice in teaching mathematics
but also emerged from the early design workshops and was refined through the design research
in schools. It has been developed to provide guidance on the pedagogical strategies teachers may

3 The SM project is charged with »narrowing the attainment gap», which requires as many students as possible to be
successfully engaged
4 This is different from, but clearly intersects with, the BSCS 5E Instructional model, which includes five phases: Engage,

Explore, Explain, Elaborate and Evaluate, and is primarily targeted at science education (Bybee et al. 2006)
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adopt to successfully implement different aspects of the SM intervention. This framework is
described in more detail below in relation to the two of the tensions identified by Brennan.

Explore

Papert (1980) believes that children should use computers to explore their thinking processes,
suggesting with respect to Logo that the primary learning experience is about “getting to know the
Turtle, exploring what a Turtle can and cannot do”. Constructionist approaches value learning in
this way through design activities (Brennan 2015), which provide opportunities to explore ways to
deal with different constraints and ambiguity through employing skills such as iterative thinking,
problem solving and creativity. Therefore this first construct suggests the importance of developing
and supporting activities that allow learners to investigate ideas, try things out for themselves and
debug conceptual and technical errors where necessary. Part of this endeavour is to shift students
towards ‘taking control of their own learning’ and to seek out the reasons behind different
outcomes.

The activities designed around this construct addressed two of the tensions that were highlighted
by Brennan, tool and learning as well as direction and discovery. During the trials in design schools
it was noted that the children’s previous experience and knowledge of the tool had a major
influence on their approach to SM activities. Students with previous experience of using Scratch
would often use the blocks and strategies with which they were already familiar, whereas students
with no experience of Scratch were more cautious about trying things out that they had not been
explicitly told to by the teacher. Early in the SM curriculum students are introduced to tools for
exploration within the Scratch environment. For example the use of what Blackwell (2002)
describes as direct manipulation - a single action with a single visible effect. Within the SM
curriculum this term is seen as encompassing the manipulation of all objects both physical (i.e.
BeeBots) and digital, and therefore we use the term ‘direct drive’ to refer just to digital objects.
Direct drive is used to firstly explore the blocks on their own (Fig. 1 left), by clicking them and
observing the reaction, an important precursor we claim to using them to build more complex
scripts (Fig. 1 right). This gradual progression from direct drive of blocks to planning and building
behaviours built into scripts provides a structured approach to exploration encouraged throughout
the SM curriculum.

i

move €D steps

turn (A @ degrees

e (3 @ screcs SRS
Snap together a move, turn

Explore how the Tile sprite reacts by clicking and stamp block and click your

on the turn blocks. script to run it - again and again...

Figure 1. Example direct drive activity (left) progressing on to building simple scripts (right)

Explain

A crucial aspect of understanding ideas is being able to explain what has been learned and
articulating the reasons behind a chosen approach (using different modes of communication). This
helps clarify ideas, by expressing them explicitly as well as in answering questions from peers.
Several theorists have highlighted the cognitive benefit of generating verbal explanations (Harel
& Papert 1990). For example, Brown (1988) has shown that being encouraged to explain and
represent knowledge in multiple ways can increase motivation and levels of understanding as well
as subject mastery. In relation to mathematics, Hoyles (1985) discusses how language can
facilitate reflection and internal regulation, and how part of this process is the identification of which
parts of the mathematical idea are important and which are not. This reflection, or thinking about
one’s own thinking is a key component of the constructionist approach (Han & Bhattacharya 2001),
with the programming language itself becoming the tool “to think with”. This second construct
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suggests the importance of incorporating reflective questions and opportunities for discussion with
peers as well whole-class interactions orchestrated by the teacher.

The activities designed around this construct seek to address the tension between the tool and
learning. Once students are familiar with the tool, it was observed that the ease of building scripts
may encourage students to create extremely long scripts which then appeared to have status as
demonstrating a lot of ‘work’! However, it is difficult to understand and predict what these scripts
would do when clicked. Another key idea of the SM curriculum is definitions, an under-used
component of Scratch but which helps to reduce complexity and aids the readability of scripts. The
SM curriculum promotes the use of definitions through the process of building a script and then
giving it a meaningful name (e.g. Fig. 2). This in turn supports students in explaining step by step
what their script is doing and what outcome they intend to happen.

@ % % ;ﬁ ﬁ Pupils try combining their square
w and triangle blocks in one script
square square
move @D s
mm(l@dajrees

to draw a house.
Figure 2. Example activity where students are encouraged to define blocks that then help them explain
how they have drawn their houses

triangle

Envisage

It is important to have a goal in mind when building a computer program and to predict what the
outcome might be before trying it out. Papert (1980) describes the role of building computer
programs in facilitating reflection on intuitive expectations and knowledge, and highlights that the
link between the idea and the child’s intuitive knowledge is seen as key in understanding the power
of the idea (Papert 2000). However, Rader et al. (1997) found that in their work using a children’s
programming environment, children can easily create programs without “much knowledge of the
underlying program mechanisms” (as mentioned above). As often novice programming tools can
now manage much of the syntactic error handling, students are only required to ‘debug’ when they
have a clear goal, in other words it is quite straightforward to generate an outcome but not
necessarily a specific outcome decided upon in advance. Therefore to truly understand an idea it
is necessary to take time to predict the outcome before building the program and then compare
the actual outcome with this prediction. This enables the establishment of whether the original
intuition was correct or whether this knowledge needs to be remodelled (Papert 1980). This third
construct suggests a need for some learning activities to be conducted prior to exploration with
the programming tool, to provide learners with the opportunity to consider the program goal and
to predict the potential outcomes of using different strategies. It is important this construct is
balanced with explore, providing exploration opportunities that allow discoveries to be made but
also occasions to envisage the outcome first.

The activities designed around this construct intend to address the tension between the tool and
learning. Many students observed during the trial were very happy and excited with any outcome
that resulted in an attractive pattern being stamped on the screen or a fun animation being played
out, which they were able to produce without necessarily fully understanding how they created it
or even having a clear goal in what they were aiming to achieve. The SM curriculum thus includes
a series of unplugged activities that require students to work off the computer, encouraging them
to practice prediction, reflection and debugging skills before they test things on the computer, and
to reflect on how to engage with similar activities in other areas of the curriculum (see bridgE
below). It also promotes body syntoncity (Watt 1998) by encouraging both teachers and students
to envisage themselves as the sprite through activities which require them to act out the scripts or
through physical objects such as paper cut-outs and toys.
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Exchange

Collaborating and sharing is a powerful way to learn, with constructionist approaches advocating
the development of ideas through interactions with others (Han & Bhattacharya 2001). This allows
you to ‘decentre’, while trying to see a problem from another’s perspective as well as defend your
own approach and compare it with others. Furthermore Hoyles (1985) suggests that others’ ideas
can potentially result in modifications to an individual’'s thought processes, particularly helpful in
clarifying predictions or explaining ideas that are not yet fully formed. Bruckman (1998) has also
undertaken research demonstrating the cognitive, social and psychological benefits that
undertaking constructionist activities as part of an online community can provide. However,
children are still developing their collaboration skills and may need help to work together, resolve
disagreements and question one another (Hoyles 1985). Therefore the fourth construct requires
the inclusion of meaningful opportunities to share and build on others’ ideas.

The activities designed around this construct intend to address the tension between direction and
discovery. Collaborative learning offers the potential to promote less directed exploration and
discovery. During the trial in schools it was observed that pair work could encourage discussions,
requiring students to explain their strategies and discoveries to their partner. Some teachers
arranged mixed ability pairing encouraging the more able students to support less able students
by ‘teaching’ them what they had already discovered for themselves. Individual discoveries were
also observed quickly spreading around the whole class without teacher intervention through the
students monitoring what their peers were working on.

bridgE

Powerful ideas should be embedded in any well-designed constructionist activity (Bers et al.
2014), and ideas are seen as powerful partly through their connections with other disciplines, such
as mathematics (Papert 2000), and partly by virtue of the language in which they are expressed.
In order to develop these connections the ideas need to be re-contextualised and re-built in the
language of the other discipline. Therefore the final construct requires that activities or teacher
moves be suggested to make explicit links to another context (in our case school mathematics).

The activities designed around this construct look to address the tension between the tool and
learning. In one of the classes during an activity, which required circular repeated patterns to be
stamped, students were observed calculating the value of the repeat block by dividing 360 by any
chosen value in the turn block. Sometimes this resulted in a decimal number, e.g. 5.5, which they
then inputted into the repeat block. Scratch automatically treats the input to repeat by rounding it
prior to running (as it is not possible to stamp .5), which in this case was done by rounding up. To
ensure these important mathematics learning opportunities are not overlooked due to the
behaviour of the tool, explicit links with the mathematics curriculum are made and suggested
teacher discussion starter questions are provided within the materials. The unplugged activities
are also intended to make further consolidate these links away from the computer.

Conclusion

The ScratchMaths project is still in progress and here we primarily focus on describing the design
process adopted to develop the curriculum materials. We have also provided glimpses of the
myriad of challenges in implementation. In our presentation we will provide some interim results
along with more examples to give a greater feel for the different activities and the progression we
envisage.
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Abstract

The affordances of microworld simulations to promote student engagement and motivation are
well documented in the literature. These technologies which can be highly have the potential to
enhance a student’s learning experience. Nevertheless their widespread use in mainstream
secondary school classrooms remains limited as these technologies do not sit well in conventional
classroom settings, where short class durations, didactic pedagogy and an emphasis on teaching
to the test prevail.

The problems in secondary school STEM education, such as declining number of students
considering a career in science related disciplines, have often been linked to didactic teaching
styles in classrooms, with an emphasis on transference of knowledge from the teacher to student
and where text books are the main source of curriculum content. In physics, teaching is often
focused on the application of mathematical formulae and lacks context and applicability to real
world problems. As a result many students find physics a ‘difficult and hard subject to study’
leading to poor motivation and low engagement with the subject. This research brings three key
elements together - microworld technology, a constructionist, contextualised pedagogy and a 21st
century learning model — to investigate their combined impact on student engagement and
confidence in physics. Students worked in teams using a constructionist microworld simulation to
build electrical circuits. An exploratory case study was carried out involving 39 secondary school
students (aged ~15/16) participating in 4 separate physics workshops.

An attitudinal questionnaire was used for quantitative data capture, while focus groups and
observation provided rich qualitative data for triangulation. The findings from the study indicate
positive changes in student engagement, confidence in physics and attitude to the use of
technology for learning. The qualitative data provides context for these findings, which while being
based on a modest sample in terms of the number of participants and duration of the learning
experience, nevertheless support the hypothesis that a 215t century pedagogical approach is a
suitable framework for exploiting the potential of microworlds to promote engagement and
confidence in physics.

Keywords

Constructionism, Social Constructivism, Microworlds, 21st Century Learning, Bridge21,
Engagement, STEM, Contextualised Learning.
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1: Introduction

‘Microworld: An interactive, exploratory learning environment of a small subset of a
domain that is immediately understandable by a user and also intrinsically motivating to
the user. A microworld can be changed and modified by the user in order to explore the
domain and to test hypotheses about the domain.’ Rieber (2005)

Microworlds have been likened to playpens or sandboxes, providing the learner an opportunity for
creative exploration and there is extensive literature highlighting the potential of simulations and
microworlds to support student engagement and conceptual understanding. Simulations usually
provide a representation of physical phenomena, with varying levels of interactivity which allow
the user modify, create or alter parameters that will generate a response within the simulation.
Several research studies have examined the affordances of simulations to develop deeper
conceptual understanding (Girvan, 2014; Martinez, Naranjo, Pérez, Suero, & Pardo, 2011;
Perkins, Moore, Podolefsky, Lancaster, & Denison, 2012; Zacharia & de Jong, 2014). In particular
the ability of simulations to benefit a learners understanding through visualisation has been
demonstrated in science subjects (Blikstein, Fuhrmann, Greene, & Salehi, 2012; Chiu, DeJaegher,
& Chao, 2015). While research into constructionist virtual worlds to support creative mathematical
thinking points to the importance of collaboration and sharing of created artefacts (Kynigos,
Moustaki, Smyrnaiou, & Xenos).

The problems in secondary school STEM education, such as declining number of students
considering a career in science related disciplines, have often been linked to didactic teaching
styles in classrooms, with an emphasis on transference of knowledge from the teacher to student
and where text books are the main source of curriculum content. In physics, teaching is often
focused on the application of mathematical formulae and lacks context and applicability to real
world problems. As a result many students find physics a ‘difficult and hard subject to study’
leading to poor motivation and low engagement with the subject. The use of technology in general
and micorworlds in particular have the potential to help address at least some of these barriers.
However traditional classroom environments, with didactic teaching style and short class durations
are not ideal environments in which to exploit the power of learning through technology (McGarr,
2009). Instead the constructivist and constructionist pedagogies at the core of models for 215
century learning (Dede, 2010) may be much more suitable frameworks to capitalise on the power
of technology in general and micro-worlds in particular (B. Tangney, Bray, A., & Oldham, E., 2015).

215t Century Learning Environment

Bridge21, a specific model of 215 century learning, has been shown to be an effective environment
for technology mediated learning (Bray, Oldham, & Tangney, 2013; Conneely, Girvan, Lawlor, &
Tangney, 2015; Johnston, Conneely, Murchan, & Tangney, 2014; B. Tangney & Bray, 2013). In
particular in the area of mathematics Tangney et al (B. Tangney, Bray, A., & Oldham, E., 2015)
have investigated the combination of mobile technology with contextual and social constructive
pedagogies such as Bridge21. The initial results of this ‘perfect storm’ (as referred to by the
authors) are very positive and ‘student engagement and appreciation of mathematics content are
favourably affected’.

This research study follows a similar approach, but in this case the subject area is physics and
investigates the combination of microworld technology, a constructionist, contextualised pedagogy
and the Bridge21 learning model. Physics is chosen as the subject domain because of the decline
in the number of secondary level students studying physics, which research from several countries
(Lyons, 2006) attributes to transmissive teaching styles and a perceived lack of relevance. Even
with students who do study the subject research points to low levels of engagement and poor
conceptual understanding of the core concepts in physics (Azevedo, 2006; Saleh, 2011).

Research Questions and Goals

The research was undertaken as part of a larger project, looking at the introduction of 215 Century
Teaching & Learning in Irish secondary schools (age 12-16), and sought to investigate how

34



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

microworlds, when used as part of a 21st century learning model, impact student engagement and
confidence in physics?

2: Design & Methodology

Overview of the Learning Activity

The microworld selected for use in the study was from the Physics Education and Technology
(PhET) project at the University of Colorado® and it was chosen because it allows for a high degree
of interactivity, has strong construction capabilities and is highly immersive. The Circuit
Construction kit is a low floor, medium ceiling, microworld, easy for students to engage with but
sufficiently challenging for more advanced users. It is constructionist in its pedagogical approach,
allowing for concrete and abstract representations and supports cognitive conflict and
investigation of alternate models.

The Circuit Construction Kit microworld was incorporated into a 5 hour Bridge21 workshop at the
researcher’s institution. 3 separate workshops with ~10 students in each were run and formed the
basis of this research sample. This together with an initial pilot workshop consisting of 8
participants gave a total sample size of n=39 students over 4 workshops. The workshops
incorporated real world, problem based activities that required participants to construct both series
and parallel electrical circuit designs for set of Christmas tree lights and explain their choice and
potential design benefits.

The Mathematics and Technology Attitudes Scale (MTAS) developed by (Pierce, Stacey, &
Barkatsas, 2007) measures 5 variables related to the learning of mathematics with technology:
Mathematics Confidence (MC), Confidence with Technology (TC), Affective Engagement (AE),
Behavioural Engagement (BE), and attitude to learning mathematics with technology (MT). The
guestionnaire was modified for use in this study and was administered pre and post the
workshops.

3: Implementation

The 39 students, of mixed gender, came from five different schools. Many of the participants had
attended Bridge21 workshops in the past and thus were already familiar with the structure and
team collaboration elements. This helped ensure that the investigation could focus on the use of
microworlds and was not overly influenced by the novelty of the Bridge21 experience itself.

Data Collection & Analysis

Quantitative data was collected using the modified MTAS questionnaire while qualitative data was
gathered through pre and post questionnaires, focus groups, observation and student output
during the workshop activities. Qualitative and quantitative data was collected at the same time,
both were analysed separately allowing for an element of triangulation to provide deeper insight
into the research questions. See Figure 4.

Focus group interviews were run immediately after each workshop and each group comprised of
between 4 and 6 participants and the discussion was recorded (using an unobtrusive smartphone
recording app). 8 separate focus group discussions were recorded which yielded well over an hour
of data to be analysed.

5 https:/phet.colorado.edu/
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Figure 2: PhET Circuit Construction Kit illustrating complex circuit design. The user has access
to accurate measuring tools such as ammeters, voltmeters and results are immediate.

Figure 3: The Bridge21 learning space. Workstations are fully configurable and can be easily rearranged
to suit specific needs. Large monitors support sharing within the team.
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Figure 4. The data analysis framework used in this parallel mixed method case study. Congruence between
guantitative and qualitative data supported the research findings.
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4: Findings

MTAS Survey — Statistical Analysis

Examining the t values in Table 1 shows that 4 of the 5 MTAS subcategories show significant
positive differences after the workshop namely: Affective Engagement (AE), Behavioural
Engagement (BE), Physics Confidence (PC) and Attitude to the use of technology in
teaching physics (PT). For PT (t=6.894) the change was very significant indicating that the
participants had a positive reaction to the PhET Circuit Construction Kit microworld. Only
Technology Confidence (TC) with t= 1.275 showed no significant change pre and post workshop
activity.

Faired Differences
95% Confidence Interval of the
Std. Std. Error Difference Sig. (2-
Mean | Deviation Mean Lower Upper t tailed)
Fair1 BE Post-BE Pre BB421( 1.67824 27225 13259 1.23584 2513 016
Fair2 TC Post-TC Pre 42105 2.03525 33016 -.24792 1.08002 1275 210
Fair3 AE Post- AE Pre 1.23684 | 2.18637 35468 51820 1.95548 3.487 nm
Fair4 PC Post- PCPre 118421 216677 35150 47201 1.89641 3.369 002
Fairs PT Post- PT Pre 392105 3.50584 AHE6ET2 276871 5.07339 5.894 000

Table 1: Results of the paired t-test analysis on the pre and post workshop MTAS questionnaires. At 95%
confidence interval a t value greater than 2.021 is significant.

Qualitative Data

Both Open and Directed coding techniques were used to analyse the data and the results of
directed coding of the focus group data against the MTAS subscales aligns well with the
guantitative data. The frequency of occurrence of the open coding themes was highest for a
positive reaction to the physics workshop for PT, PC, AE and BE, again in that order. This matches
the order of the measured impact from the MTAS data.

Engagement Impact

The research identified several factors that contributed to the increase in behavioural (BE) and
affective engagement (AE). These are: Microworld Technology; Collaboration; Self-Discovery.

The constructionist capability of the PhET microworld was a significant factor in the improvement
of participants’ affective engagement. The PhET microworld allowed students to create their own
models and use these to confirm or challenge their understanding of the underlying concepts. The
microworld also enabled students to see and understand abstract concepts such as electron flow,
capacitor charging, neither of which cannot be easily grasped through textbooks or real physical
experimentation.

Collaboration played an important part during the workshops in promoting engagement. Students
worked in teams, discussed their solutions and were asked to present back to the whole group
and this aspect was seen as positive by the participants.

1 think like, when you found the problem and you solved it and the light came on and it
worked, and you got passed the problem as a team and you had a working circuit then, |
think that was the best bit.’
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Impact on Confidence in Physics

The research findings offer statistical evidence that these workshops made a significant
improvement in the students’ attitudes to physics and to their confidence with the subject and two
main factors contributing to this emerge from a structured analysis of the qualitative data, namely
the Bridge21 workshop format (when contrasted with their conventional class experience) and the
contextualised nature of the learning.

The contrast between the Bridge21 model with the participants own class experience was very
evident from the workshop focus groups as typified by statements such as

‘Because it wasn't like school. It was like, | don't know—because you didnt tell us we have
to do this, and then this and then this. We got to just learn how to do it ourselves, kind of.
And it makes you understand it more and it is more fun than just being told what to do.’

‘Like with that Ohm thing, | learned that in five minutes. But in school | couldnt even
remember it from the book. Because it showed you exactly what was going on with the
computer.’

By contextualising the learning of physics to real life situations during the Bridge21 workshops
students had a basis from which to understand the concepts and then apply the underlying
mathematics to solve the problem.

‘Because you know which way the circuits were actually moving. Like you know which way
it is all set up. Instead of just looking at picture of piece of wires on the ground. You actually
look at the simulation and see how it all fits together.’

Yeah, | just viewed it as a school subject. But after the workshop you see it is a lot more
real-world stuff. *

Technology Effectiveness

With a t value =6.894, student attitudes to using technology in physics learning (PT) showed the
most statistically significant change as a result of the workshops. The choice of microworld
technology was a major factor in this improvement. The data suggests several features of the
PhET microworld that led to this positive change; visualisation; experimentation and construction
capabilities. The microworld allowed students to “do physics” and imagine and create new models
in ways that is not possible with existing teaching methods.

1 didn't know that electricity was the flow of electrons. You could see the way that they
were going around. So that was good.’

1 think if because you could see it and you didnt have to imagine it like you normally did
in class and stuff. And then you could move them around and make stuff so it helped.’

A recurring theme during the focus groups related to the constructionist features of the microworld
and participants being able to ‘do things’. With the freedom to create, students developed their
own models and views of the circuits they constructed. Since the PhET software is based on real
electrical principles students often created circuits that did not work or because of voltage
irregularities gave unexpected outcomes. This challenged students to understand what was
happening and propose a solution.

‘And doing things in a more interactive, and like hands on way.... start learning things a lot
easier when they do it hands on.’

‘Because we were actually able to see how a circuit gets put together. And we done a lot
of experimentation as well. You know and, | suppose you can be told how something works
but unless you, kind of, try it yourself and try different ways of doing things you don't really
learn much.’
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Summary

The authors are engaged in a large scale design based research project which is working with
teachers and schools across Ireland to embed 21 Century Teaching and Learning practices in
mainstream secondary schools (Conneely et al., 2015; Johnston et al., 2014). A core premise of
that work is that a 21t century learning model, such as Bridge21, is a more suitable framework
for exploiting the potential of technology to support constructivist and constructionist learning than
the traditional didactic model. This study looks at student engagement and confidence in physics
when following such an approach. Carried out in an out of school setting the data indicates that
both engagement with, and confidence in, physics improved as a result of the learning experience.
The data also suggests that the attitude towards using technology in the study of physics
improved. Factors which contributed to these improvements include the constructionist nature of
the simulation, collaboration between peers and the contextualised nature of the learning activity.

The limitations of the study are its short duration, the lack of longitudinal follow-up with the
participants to see if the intervention had any lasting impact and the fact that the activity took place
in an out of school setting. Nevertheless this study, combined with our other experience of
transitioning learning activities from our learning space to schools, gives confidence that the
approach followed is transferrable to a real classroom setting and ongoing research will investigate
this in practice.
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Abstract

JS-Eden is an environment for learners to build software artefacts that relies on construction by
‘making construals’ using observables and dependencies. JS-Eden is proposed as an alternative
to procedural or object-oriented constructionist environments. In this paper we present a small
experiment in which JS-Eden is introduced to 25 high school students. The observations and
feedback suggest that although there are improvements to be made to JS-Eden’s user interface
for learners, the principles of constructionism by making construals can be readily applied in a
classroom for domain learning. Comparisons are drawn with existing constructionist
environments, and it is argued that making construals in JS-Eden is a better paradigm for children

engaged in the “instructing”, “animating” and “modulating” activities that are key in working with
digital media.
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## Mars

marsX is originX + sin(tick/1.9) * earthDistance * 1
marsY is originY + cos(tick/1.9) * earthDistance *
mars is Circle(marsX, marsY, 14, “grey");

Figure 1. The solar system construal.
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Introduction

A recurring tenet of Papert’s constructionism is that children should not learn programming for the
sake of programming. Instead, children can use programming to create contexts in which a wide
variety of learning experiences might occur (Papert, 1980). Many of the most popular
constructionist programming environments today (e.g. Alice, Greenfoot, Scratch) take a computer
scientist’s view of programming as procedural or object-oriented (Utting et al., 2010) and, due to
the challenging nature of programming, the learning often focuses on the tool or language. While
there are advocates of computational thinking as a learning outcome in itself (Wing, 2006),
Papert’s vision for constructionism was clearly much greater. Brennan contends that, although our
classroom technologies have changed, we are still “stuck in a technocentric view” (Brennan,
2015). On the other hand, Ackermann points out that a digital native’s concept of ‘programming’
spans a broader range of activities involving “instructing”, “animating” and “modulating”
(Ackermann, 2012). Taken together, these critiques suggest that the traditional procedural view
of programming is not only unsatisfactory for supporting current learning activities but also
insufficient for the vision of construction as a way to learn in any domain. In this paper we propose
to support constructionism by ‘making construals’ — an activity that is more general than
conventional programming, and promotes a less technocentric view more closely aligned with the
activities that Ackermann identifies. Our claim is that this non-procedural, non-object-oriented
approach is more accessible to young people while still supporting the breadth of constructionist
activities in which today's digital natives are engaged.

The idea of ‘making construals’ originates in a reconceptualisation of computing called Empirical
Modelling (EM) that is radically different from the paradigm of computational thinking (Beynon,
2012). Rather than focusing on writing programs to achieve specific functional goals, EM puts its
primary emphasis on making construals which are built up incrementally and have states and
transitions closely connected with an object of study in the learning domain. The characteristic
guiding principle of EM is that the learner should be able to directly experience a correspondence
between the state of a construal and the state of an external object. The learner works as a
modeller, building the construal by creating observables and dependencies. If we consider a
learning situation where the object is the motion of planets in the solar system then the
observables might be the Sun, the Earth and the position of the Earth in relation to the Sun.
Dependencies are connections made between observables, for example how the position of the
Earth depends on the position of the Sun and the day of the Earth year.

JS-Eden for making construals

Construals are created by making connections using observables, dependency and agency
(Beynon, 2012). JS-Eden is a web-based environment for creating construals that has been
developed by researchers at University of Warwick (Beynon et al., 2015). JS-Eden has previously
been utilised as a constructionist tool for high school students to build construals for learning
mathematics (Harfield and Beynon, 2012). Construals are constructed by entering script-like
definitions into JS-Eden which interprets the definitions on the client-side of the web browser. The
primary interface for JS-Eden consists of a Script Input Window, an interactive canvas (“Picture”)
and an observable inspector (“Observable List”). A developer, or teacher, or learner, constructs a
construal in a progressive manner, by adding or modifying observables, dependency and agency
on-the-fly without recompiling. Unlike many procedural programming environments which have a
two stage process of creating and running, JS-Eden is interpreted and constantly “live”,
representing state as it is in the current moment. JS-Eden can be used to build models from
scratch, and to exercise or ‘remix’ existing models. The focus of this paper is on the use of JS-
Eden for building simple models from scratch. Figure 2 depicts the typical starting screen of JS-
Eden showing an 'empty' construal.
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Figure 2. JS-Eden, ready to start a construal making activity.

Early JS-Eden trial in school

CONSTRUIT! is an on-going project to develop online resources for making construals. As part of
the project, a workshop was organised in Athens, Greece, of which one part was to test the viability
of teaching using JS-Eden in the classroom. The main aim of this experiment was to provide
teachers with a model class and to analyse student reactions to the JS-Eden environment and the
learning material. Furthermore, the experiment was a way to test the claim of this paper that JS-
Eden is an accessible environment for digital natives that supports a breadth of constructionist
activities.

The workshop was held at 2nd Experimental Lyceum of Athens, Greece, for 3 teaching periods
(approximately 2.5 hours) on Tuesday 22nd September 2015. The school was chosen because
the teachers and students have experience with trying new approaches and technologies. The
participants were 15-16 year old students. There were 25 students in total, and they mostly worked
in pairs. Two teachers and a number of assistants and observers from the CONSTRUIT! Team
were present during the session.

The students had no prior experience of JS-Eden. The workshop was designed to introduce the
basics of making construals in JS-Eden and help the students become familiar with the kind of
things they could build with JS-Eden. The aim of the workshop was not to teach programming or
computational thinking. At the beginning of the workshop, no more than 5 minutes were spent
explaining the 3 main components of JS-Eden (the Script Input Window, Picture, and Observable
List as shown in Figure 2) with a short example. The students were then given a worksheet that
explained what to do next and walked them through the basic building blocks of the environment.
Each topic involved at least 1 question. In total there were 11 tasks in the worksheet.
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i Creating dependencies
As shown above, you create a new observable called c:
c =a + b;

The observable ¢ should now have the value of a+b. However, there is another way of calcu-
i lating a+b, using dependency: !

d is a + b;
Now ¢ and d should have the same value. Try changing the value of a:
a=1;

Are c and d still the same? They are not, because d has changed. It has updated to maintain
the 'dependency’ of d is a+b. In JS Eden, 'is' is used to create dependencies between ob- '
: servables, much like the dependencies between cells in a spreadsheet.

In JS-Eden, we say that “c is a Base Observable”, and “d is a Dependency”.

Task 2: Can you model a right angled triangle with sides a, b and c? The value of ¢
should always be the hypotenuse (longest side) and should be calculated as a de-

pendency on a and b. Hint: use the sqrt () function.

If a=3 and b=4, then €= ... IA

What is your definition of €? €S ..ooeeeemeeeee.

Figure 3. Introduction to dependencies and the Pythagoras’s theorem task.

Figure 3 shows the part of the worksheet where the notion of dependency was explained for the
first time (the part framed by dashed line). Some of the observers were able to see the “Ahal
effect” in some groups of students when they observed that the value of observable d changed
after changing the value of observable a. This is an important concept for the students to grasp as
it is unrelated to procedural programming. The immediately following Task 2 was oriented not only
to practice the new knowledge of dependency, but also to use some of their existing mathematical
pre-knowledge in a new situation. Figure 4 shows the next part of the worksheet which introduces
the “picture” observable and the Line graphic object. Tasks 3 and 4 concentrate on both creating
graphics in JS-Eden and the use of dependencies. They both also relate to drawing a triangle that
illustrates Pythagoras’s theorem featured in Task 2. Later in this paper we will discuss the
outcomes of Tasks 2-4 in more detail.

Figure 5 shows an example of one of the later tasks. This relates to building a model of the solar
system, where the students must create dependencies that position the Earth dependent on the
day of the year.
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The Picture

The Picture is currently a large empty white space on the upper right hand side. Now that we
have a basic knowledge of observables/dependencies, we will add some simple graphics.

Creating a line

lineA is Line(0, 0, 50, 100);
picture is [lineA];

The first definition creates a line from point (0,0) to point (50,100). To draw a line from
i (x1,y1) to (x2,y2) then you can create a definition for Line(x1, y1, x2, y2).

The second definition places the line inside the picture. (Without this, you would not see the
! line in the Picture.) ;

Note that (0,0) is the top left corner of the Picture.
You can modify the line:
lineA is Line(100, 50, 100+10*a, 50);

Now the line is dependent on the value of the observable ‘a’.

Task 3: What happens when you change ‘a‘?

A

Create a new line called lineB and add it to the picture:

lineB is Line(100, 50, 100, 50+10*b);
picture is [lineA, lineB);

Task 4: Create lineC to make a right-angled triangle with lineA and lineB. When you
change the values of a and b then the triangle should change.

Answer. lineC is..

Figure 4. Introduction to graphics and using the knowledge about dependencies in a new context.
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Building a model of the solar system

Let's make Earth move in a circular path around the sun!

Continuing from Task 9, we can make a circle bounce backwards and forwards along the x-
axis

originX = 200;
earthDistance = 100;
earthX is originX + sin(tick) * earthDistance;

Next, speed up your animation by modifying the clock

setedenclock(&tick, 100);

Task 10: Add a yellow circle called sun at (originX,originY). Change the earth depend-
ency by introducing a dependency for earthY which causes earth to move in a circular
path around the sun.

Hint: use cos (tick) in your dependency for earthY.

Figure 5. Later task on building a model of the planets in the solar system.

By the end of the workshop the students could have created a fully animated solar system with 4
planets moving around the sun at their correct relative velocities. The status of the construal after
completing all the tasks in the workshop is shown in Figure 1. The three definitions in the Script
Input Window represent the dependencies required to create a circle for Mars and animate it so
that it moves around the Sun in a circular path. The first 2 lines define the x and y position of Mars,
which are dependent on the position of the Sun (originX and originY), the day of the Mars year
(based on a factor of tick) and the distance from the Sun to Mars (approximated as earthDistance
*1.5).

Results of the trial

During the session, the students’ interactions with the environment were recorded by capturing
their submitted inputs in the background. The recordings of student interactions showed that all of
the student groups reached task 8 out of a total 11 tasks. The last 3 tasks related to building the
solar system model, and while more than 75% of the students made some progress on these
tasks, only one group was able to complete the final task (which was purposefully difficult and
open-ended to push the students who found the earlier material easy). The later tasks involved
the use of sine and cosine which had not been taught as part of their regular classes which may
have slowed the progress of some students. However, the assistants were active in helping
students through the difficult exercises which contributed to the high completion levels.

Examples of the struggles and breakthroughs that the students experienced can be found in the
recordings. Consider the tasks 2 (shown on Figure 3), 3 and 4 (both shown on Figure 4) which
involved drawing 3 lines to make a triangle and required the students to apply Pythagoras’ theorem
in order to complete the tasks. Figure 6 shows three extracts of the recordings relating to tasks 2-
4: the script entered by the students is displayed in bold and the comment above shows the
timestamp of JS-Eden session (e.g. 26m 16s is 26 minutes and 16 seconds into the session).
Note that it is not evident from the scripts whether the students received any assistance during
these periods — hence their breakthroughs could be the product of an individual, the group,
intervention from an assistant, or a combination of all three.

In the case of Group A, after 26 minutes the students seem to be considering how to use the
square root function (sqrt) to solve task 2 which requires them to calculate the hypotenuse of a
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right angled triangle using Pythagoras’ theorem (a2 + b? = c¢?). After 30 minutes they enter their
definition of ¢ as sqrt(a*a) + sqrt(b*b). This is a valid JS-Eden definition, but mathematically it is
wrong. After a further 3 minutes they have realised their mistake and entered a new definition for
¢ (perhaps through their observation of the values of a, b and c in the Observable List). Group A
make a mathematical error that they are able to observe and correct.

The observations of Group B start with them making some mistakes about how to make a
definition. They might be new to programming as they struggle with the equals operator between
the 26th and 28th minutes. They make a further error in the 30th minute, but their understanding
of Pythagoras's theorem is correct. It takes a further 2 minutes for them to refactor to obtain a
syntactically correct definition for ¢ (although it uses “c =...” instead of “c is...” which means there
is no dependency). Group B have a correct mathematical understanding, but struggle to represent
it in the language of JS-Eden.

In contrast to Group B, Group C obtain a syntactically and mathematically correct definition of ¢
on their first attempt at task 2. However, in task 4 (after 29 minutes) they are initially unable to
apply their knowledge to create the line of the triangle representing the hypotenuse. After 31
minutes, Group C is trying to use the sqrt function to create the line that connects LineA and LineB
(mixing up the mathematics of triangles with the drawing of triangles). At 41 minutes they have
mastered the syntax for drawing the line and finally at 49 minutes they find a definition that satisfies
the requirements to create the triangle. Group C have a misconception about how to draw the
lines of a triangle, but through experimentation they are able to make sense of the problem and
solve it.

This small sample of extracts demonstrates how the students overcame three struggles: a
misunderstanding of Pythagoras's theorem, a misrepresentation of Pythagoras's theorem in JS-
Eden and a misconception about how Pythagoras's theorem relates to drawing triangles in JS-
Eden.

Group A Group C
## 26m 16s ## 15m 12s
a =sqrt(9); cis sqrt(a”2 + b"2) ;
## 26m 43s #it ...
b =sqrt(16);
## 29m 8s
## 30m 31s LineA is Line(100, 50, 100+10*a, 50);

c is sqrt(a*a) + sqrt(b*b);

## 33m 17s
c is sqrt(a*a+b*b);

## 31m 36s
LineC is sqrt(LineA*2 + LineB"2) ;

## 32m 28s
LineC is sqrt (LineA”2 + LineB"2);
Group B

## 32m 44s
HH# 234m 33s LineC is sqrt(LineA”2 + LineB"2) ;
a=3;

## 37m 51s
ﬁ# ij 45s LineC is Line(100, 50, 100, 130) ;

## 26m 46s (error)
c=c*c;

## 40m 29s
LineC is Line(100, 50, 130, 100);

## 41m 39s
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## 27m 24s LineC is Line(100, 50, 100+10*a, 50);
C = atb;
## 43m 52s
## 28m 3s (error) LineCis Line( 100 , 50+10*b)"2 + (100+10*a ,
crc=; 50)"2;
## 30m 58s (error) #HH# ...
c*c=a*atb*b;
## 49m 58s
## 32m 17s LineC is Line(100, 50+10*b, 100+10*a, 50);

c=sqrt(a*a+b*b),

Figure 6. Three interaction extracts that demonstrate the difficulty faced by the students
in applying Pythagoras’ theorem.

Immediately after the session, the teacher was interviewed, specifically to understand her reaction
to the activities undertaken by the students. The teacher expressed the view that the students
reacted well to the activity, which was evident from the fact that their attention was undisturbed for
3 periods when usually they would have taken breaks. The teacher said that they would like to
continue using this tool in their classes. They observed that it is different style of ‘programming’ to
Scratch and Logo (with which they have some experience) because it has more reliance on typing
and entering definitions. For this reason, they felt it was closer to traditional programming that
requires textual input. The example given by teacher was that it is similar to Prolog in the way that
it is an interpreted, definition-based language.

Feedback was also obtained from the CONSTRUIT! project members who were present during
the session. They highlighted problems with the JS-Eden environment which mostly focussed on
the difficulties that students had with the lack of suitable error messages and poor feedback. This
is possibly an indication that the problems were not conceptual, but more a consequence of JS-
Eden’s migration from being an expert’s tool to a learner’s tool. The observers noticed that the
students appeared to be experimenting with the behaviour of the environment, either in a focused
way, or by random ‘prodding’ to understand how it works.

Several of the observers noted that the tasks involved the students applying their basic
mathematical knowledge (e.g. modulo arithmetic, Pythagoras’s theorem, and sine/cosine).
According to observers, some students were not aware or could not access this knowledge. Were
the students unaware of the required mathematical knowledge? This might be a possible
explanation — although the class teacher stated that these mathematical topics have been taught
and they are integral parts of the school mathematics curriculum. Another possible explanation
may be related to the context of the activity — students might have had an expectation that they
were programming and therefore they did not treat the exercise as being related to ‘doing maths’.
In other words, being 'hooked' in their perception of the context of the activity, they were not fully
prepared for an exposure to an interdisciplinary learning experience.

Other observers said that although they struggled to apply their mathematical knowledge within
JS-Eden, the students were not afraid to use the environment to try out their answers (e.g. Group
C’s line drawing experiments in Figure 6). In a previous study (Beynon and Harfield, 2010), a high
school student commented that you don’t actually need much knowledge of the Eden environment
to use it to find solutions to the tasks.

A week after the session, students were asked to reflect on their experience in the form of a student
diary. The diary requested students to comment on “what went well”, “what did not go well”, “what
did you like the most”, and “what did you like the least (dislike)”. Of the 25 students in the class,
20 student diaries were collected. Many of the positive comments were focussed on the
environment, the group of experts and the English practice. The most negative comments were
that there was too much content to cover in the time available, that the level of difficulty was too
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high, that the environment contained bugs or user interface issues, and that using English was a
barrier to communication.

Some of the students noticed the synergy with software development and expressed enthusiasm
in building programs: “Finally we did some serious programming!” and “I was involved in serious
programming tasks!”. Many of these students had already been exposed to Scratch or Logo, and
so their comments seem to corroborate the teacher’s view that JS-Eden has some characteristics
that make it feel more like “grown-up” programming than other educational environments.

Although the students said that the tasks were difficult, their diaries suggest that the tasks that the
students enjoyed were some of the most difficult. One female student commented that “the
animation” was what they liked the most, and another female student said “the planets moving
around the sun was the one that | mostly liked”.

The students recognised that the tasks were difficult, but they were mostly able to overcome
obstacles, and the fact that they could do this was satisfying. “It was very difficult but we made it”
and “We followed the worksheet, made notes on it and we managed to understand the
programming language”. Another student complained that one task “did not go well because it
was very difficult, | struggled at finding a solution and | did not submit the task on time”, but after
that he said, “I liked it when we were making the figures. It was fun and enjoyable!”. Is this a
contradiction? No, we think that it is an excellent case of the ‘hard fun’ Papert proposed as the
essence of good education (Caperton, 2005).

Discussion: JS-Eden vs procedural constructionist
environments

While the positive results of the trial no doubt share common elements with studies of other
popular constructionist environments, there are noticeable conceptual differences in their
approaches to creating software. Most constructionist environments have a necessary
programming component, either procedural or object-oriented, that must be mastered (e.g.
Scratch). The three activities noted by Ackermann’s are evident in these environments, as part of
a two stage process of designing and executing. “Instructing” involves writing some instructions
and then running; the “animating” and “modulating” activities are the same. JS-Eden offers a more
direct approach as there is no two stage process to these activities. Interaction in JS-Eden is more
like using a spreadsheet than writing a traditional program. When a learner “instructs” something
to happen in JS-Eden, that is all they do because they are simply creating a connection. When a
learner is “modulating”, they are also tweaking a connection directly. This ‘directness of interaction’
is a characteristic feature of making construals with JS-Eden.

Within the short time of the workshop, the students undertook a number of tasks that involved
applying existing mathematical knowledge to solve the problem of drawing and animating objects
on the screen. One example was when they first struggled to apply Pythagoras’s theorem in
practice, but were able to realise and correct their mathematical misunderstandings, syntactic
errors and tool misconceptions with the help of JS-Eden. Admittedly, their realisation was
supported by a team of assistants who were there to provide hints and act as scaffolders in the
learning process. However, the important point is that JS-Eden enabled students to tackle their
domain learning within a relatively short period of time and with little prerequisite knowledge of
programming.

Some of the students were able to complete the animation of the Earth revolving around the Sun
in the final tasks. A Logo or Scratch equivalent of rotating the Earth around the Sun might involve
first finding the starting position in relation to the Sun and then looping over a set of actions that
include moving forward a small step and turning by a small amount (e.g. 1 degree). Furthermore,
to animate more than one planet with the correct relative speeds would involve a significant
number of extra calculations. In JS-Eden, the students were able to create these animations by
making connections between the day of the year and the position of the planets in the construal.
For example, if the Earth moves once around the sun in 365 days then after 182 days it will be
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approximately half way (or 180 degrees), whereas Mars (with an orbit period of 687 days) has
moved less than a quarter of its orbit. The connections made in JS-Eden have a more meaningful
association with the domain than the individual procedural steps of moving an arbitrary small
distance forward and turning. Being able to find and model a ‘meaningful association’ closely is
one of the principles behind JS-Eden.

Concluding remarks

This small-scale study presents a setting where students were introduced to JS-Eden and ‘making
construals’ for the first time. They were asked to use dependency to make connections between
observables, to create simple construals that are representative of a situation or domain problem,
and to reflect upon their experiences. While the students reported that the activities were
challenging, the evidence suggests that they overcame their difficulties either in their group or with
assistance. The interaction recordings demonstrated that the challenge may in part have been the
friction between learning how to make construals and applying domain knowledge from
mathematics. In some way, this can be taken as a positive in that there was a reasonably low
barrier of entry to learning JS-Eden, and that domain learning is achievable after a short
introduction to the tool. It provides some support for the claim that the making construals approach
is accessible to young people for constructionist activities.

Furthermore, the making construals approach offers a more accessible environment for the kind
of ‘programming’ activities of digital natives that were defined by Ackermann. Firstly, “instructing”,
“animating” and “modulating” are all activities that are involved in the direct manipulation of
observables and dependencies in JS-Eden. Secondly, “instruction”, “animating” and “modulating
are activities that might evoke a meaningful association between the software in the computer and
a situation or object in the world. While there is typically a good correspondence between the
products of computational thinking andprocedural tasks (e.g. performing a sequence of steps), the
approach taken by JS-Eden of making connections between observables is well-suited to
modelling a wide variety of everyday situations (cf. the movement of one object rotating around
another). It is the principles of directness of interaction and meaningful association that we wish
to emphasise in proposing making construals with JS-Eden as an attractive alternative to the
technocentric constructionist tools that rely on computational thinking.
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Constructionist activity with institutionalized
infrastructures: the case of Dimitris and his
students.

Chronis Kynigos, kynigos@ppp.uoa.gr
Educational Technology Lab, Sch. of Philosophy, National Kapodistrian University of Athens and
CTI-Diophantus

Abstract (style: Abstract title)

The paper discusses the case of Dimitris, a secondary mathematics teacher, who selected three
micro-experiments from an institutionalized portal, re-mixed them and then gave his version to his
students who in turn made their own changes and constructions. The case is discussed in the
frame of the potential for institutionalized portals and digital infrastructures to afford constructionist
activity for educators, designers, teachers and students.
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Figure 1. A 'micro-experiment' on an institutionalised digital portal
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Introduction

For around ten years now, scratch has been paving the way for a number of emerging
infrastructures for constructionist activity addressing mostly informal settings and gaining
popularity based on their own merit. At the same time infrastructures for access to digital media in
institutionalized settings such as ministries of education and organizations working on their behalf
have grown but mostly seem to be indifferent to supporting coherent pedagogical reform and
innovation. The agenda there is mostly to accrue the largest possible volume of resources
provided they have a basic accreditation mainly with respect to the validity of and the rights to the
embedded information. Very often, these portals give mixed messages with respect to the role
and uses of digital artefacts, emphasizing video narratives, links to encyclopedic information,
tightly defined exercises usually to be resolved by multiple choice questions and finally some
simulations affording a simple experiment.

In this paper I'd like to raise the question of how might it be made possible to embed the potential
of supporting constructionist activity in these institutionalized infrastructures without disputing their
agendas to democratize access to information and easily understood affordances but at the same
time seeding affordances for educators, teachers, designers and students to make structural
changes to artefacts therein. To use Chevallard's metaphor, | ask whether it is possible to go to a
human knowledge exhibition centre and place some exhibits allowing visitors to engage in
producing their own knowledge (Chevallard, 2012). | take the case of the 'Digital School'
infrastructure of the Greek Ministry of education created in the past four years and in particular
two co-existing portals, the ‘Interactive books' portal and the 'Photodendro’ portal at
http://photodentro.edu.gr/aggregator/?lang=en. The former contains the original unique curriculum
books enriched by the inclusion of links to a variety of artefacts in amongst the text and in tight
relation to it. The latter is a classic portal with carefully organized meta-data for each of the
artefacts which began by containing the artefacts of the interactive books portal and has been
growing with more since, but with no connection to the curriculum books.

My role in the design and development of this infrastructure was to coordinate the design and
development of artefacts for the domain of mathematics from year 3 through 11. | worked with a
team of 30 professionals selected so as to have diverse expertise, comprising of technical
knowledge, pedagogical design knowledge and mathematical knowledge (Fischer, 2012, Kynigos,
2007). In a course of four years, an impressive number of 1800 original artefacts were developed
and uploaded in the two portals, almost all of them constituting what we call 'micro-experiments',
i.e. tightly focused microworlds, objects with which students can experiment and dynamically
manipulate some simulation or problem embedding mathematical concepts in order to discuss
and answer in the classroom a set of closed questions and occasionally a final open question
involving invitation to some constructionist activity (Kynigos, 2012). To orchestrate a sound
integration of the knowledge and experience inherent in the design team and also to create the
conditions for creative designs, | made sure that each of artefacts was created by 2-3 designers
with diverse expertise and internally reviewed by another team member in a way visible to all
designers (for a discussion, see Clinton & Hokanson, 2012, Gero, 2010). The underlying authoring
tools were 'Geogebra’, 'MaLT' - a 3D web version of e-slate "Turtleworlds', (Kynigos, 2004)- and
some custom widgets built with flash and other tools.

The question I'd like to discuss in this paper is how may it become possible for this kind of
infrastructure to support constructionist activity. | thus asked Dimitris, a mathematics teacher with
a masters degree in mathematics education and some (but not extensive) experience with
constructionist media, to pick a small number of artefacts, change them and then give them to his
students to engage in mathematical activity.

The paper revolves around three examples of Dimitris' work (see Kynigos 2007b for a background
discussion). The corresponding artefacts will thus be discussed with respect the way they were
originally designed and the way they may be used by people who play different roles, such as the
role of the designer, the educator and the student (Kynigos, 2002). The main perspective and
pursuit is to talk about the fact that Photodentro and the interactive books portal can play the role
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of the resource, of the available infrastructure, but it can also play the role of a springboard for
design, creation and development for all the people involved in education, from the educator to
the student (Pepin et al, 2013, Guedet & trouche, 2012).

The context of large scale initiatives

Firstly, for Mathematics we had the possibility and the opportunity from very early on to work in
conjunction with other major initiatives of the Ministry that happened to take place around the
same time. One of those initiatives was the committee for the new curriculum, which for the first
time placed great emphasis on mathematical activity, that is what is proposed for students to do
in order to become personally engaged with the concepts of mathematics by actually utilizing them
and have a mathematical experience. Additionally, great emphasis was been placed in this new
curriculum on mathematical literacy, that is the approach to mathematics as an important societal
asset, a cultural tool concerning everyone’s actual life and not the mere abstract end-product of a
scientific field. The second major concurrent initiative of the Ministry was what was named 'second
level Training program’, which supports in-service teachers to make use of the two portals and all
the infrastructure to a very large degree, focusing on mathematics education, which is the blending
of new and established methods, techniques and teaching practices http://b-epipedo?2.cti.gr/.
Thus, the 'Digital School' initiative was for us the third field of contribution and intervention, the
one that constitutes the infrastructure in terms of available material.

Beyond any doubt there are great many matters that are addressed with these infrastructures,
such as the availability of textbooks or resources online for everyone, from anywhere and at any
time. What we were interested in the domain of mathematics was to look for added pedagogical
value that may be involved in utilizing them, what the educator or the student can do that would
otherwise be very difficult to be done without these technologies. This was our focus for the subject
of mathematics. Reinforcing the possibility for students to have a personal experience of
mathematical reasoning in situations that are realistic for them, by utilizing the available
infrastructures as the tool for expressing concepts of mathematics by using them in the context of
mathematical literacy. The interweaving between the three major actions was especially important
for us as to eliminate the confusion that is often caused by the feeling of fragmentation between
intervention actions in the field of education.

The quest for added pedagogical value

So, first a few words about the ways in which we designed the portals to afford added pedagogical
value that comes as a result of this intervention, and immediately afterwards we will see the first
example. In the paper there are three examples, of three artefacts, that incorporate different
technologies and concepts of mathematics and | will describe the ways that they have been
constructed by the designers, by Dimitris and by his students for each of them to express concepts
of mathematics.

Students can utilize these infrastructures to strengthen their mathematical experience and the
feeling that mathematics is something that is realistic, interesting, fun as well as beautiful and
mainly that it's something useful for our everyday lives. The added value is not only about what
the student can do. The added value also concerns the designer as well as the educator with the
role of the designer. It is a springboard for the design and development of artefacts, not only by
specialists and researchers but also by the educators themselves. In the team of mathematics,
we were 35 specialized colleagues and all the artefacts of mathematics in the Photodentro, around
1800 artefacts, were developed by Greek creative minds and hands. This team of colleagues
consisted of technicians and educators that had overall knowledge of pedagogy, mathematics and
technology. Not even a single artefact was developed without having all these three aspects of
know-how underlying, by the people that made it. Beyond this highly specialized team, this
infrastructure also provides the educator himself with the possibility of modifying his own artefacts,
design activities for his students and his own repertoire can be contained in these activities, his
own “suitcase” or “la valise” -as the French call it- of digital artefacts that are modifications of the
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ones that can be found at the Photodentro. And these possibilities also exist for trainers and
councilors for them to strengthen and create seminars of training and practice between colleagues
who discuss matters of didactics.

Emphasizing equivalence to solve an equation: Dimitris' re-
mix of a 'scales' simulation

Let me show you what | mean by that by means of a first example. Dimitris chose a classic
equation problem embedded in a scales task residing in the 8" grade interactive textbook (and
also in the Photodendro portal). In the paper version the task refers to a picture of the scales. In
the interactive book, it is dynamically manipulable, affording the adding or taking away of known
and unknown weights and the simulation of a balanced or titled scale (fig. 2). So, the idea is that
students will experiment and come up to a solution involving the isolation of one unknown weight
on one scale and the number of known weights needed to balance the scale. They are supposed
to connect this with the process of solving an equation. The digital tools available in this simulation
are sliders that change the number of known and unknown weights on each one of the two sides
of the scale. Dimitris however had other ideas regarding how to use it in order to make the
mathematics more interesting for his students and changed the artefact completely, he created a
modified version (fig. 3). In his version of the simulation, the semantics for the weights and their
measure are not iconic, the user imagines the weights inside two pots (for a discussion of artefacts
as representations, see Morgan & Kynigos, 2014). The semantics are numerals for the number of
weights and color for known (red) and unknown (blue) weights, all changeable by means of
respective sliders. Up till now, the simulation appears to be the same just with different, more
abstract, representations. Things change dramatically however by a textual question asked to the
student: “is there any chance that the scale is faulty”? Dimitris wanted to get the students to work
that one out and then find the value of the unknown weight too. Let’s see now how this artefact
was used by the students. One way that the children themselves thought in order to deal with this
was to put the same number and combination of weights on each side, despite the fact that the
blue weight was unknown. They then added known weights until it balanced to find out the extent
of the fault. In this case, their thinking dealt with the unknown value as an object which is at the
heart of mathematical thinking. It means that they could cope with imagining that the number had
been found and additionally accepting that the scale is broken and there is no balance. So, the
students found that the scale had an error of 40 kilograms since it was balanced when two red
weights of 20 kilograms each were added to the equivalent weights. Afterwards, in their effort to
find how much the unknown blue weights weighed, a strategy that a group of kids thought of was
to put the scale in balance and then increase the number of blue weights by one and then see
how many reds they needed to add in order for it to become balanced again and in that way figure
out the solution. Dimitris' agenda was for the students to see the value of equivalence and
appreciate that it lies behind the concept of equation. The students' changes allowed them to be
able to use a faulty balance to work out their equation problem and estimate the extent of the fault.
Although maybe in this case they did not change the functionality of the simulation, they did
understand it to an extent allowing them to resolve a problem.

With respect to the process of designing the original artifacts for the two portals, special care was
taken so that each one emerged out of the collaboration of 2-3 designers with diverse expertise,
at least one with technical know-how and one with pedagogical design experience. First and
foremost special care was taken so that the mathematics embedded in the artifact was correct in
essence and in the way is was conveyed by means of its representation. Equivalently, the
developers were asked to clearly negotiate the pedagogical agenda for its use, i.e. to anticipate
what the students would do with it as an expressive tool. Thus, although the development of the
two portals was funded simply to play the role of a resource, for the domain of mathematics it was
almost exclusively designed as a set of artefacts for the students to do mathematics with, i.e. to
experiment, to modify, to think around and to justify behaviors, properties and the changes they
made.
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The scales you see are in balance!
Can you find out how much each cube weighs?
The cylindrical weights weigh 100 grams each

1. Drag the points with the +/- indication on them

to increase or decrease the number of weights on the scales.
2. When you find the weight of the cube,

click on the return icon top right

and then click in the frame

to activate the showing of the equation.

3. repeat those steps

and notice how

they are ‘transpated" into the formal

mathematical language.

Figure 2. The 'scales’ micro-experiment

The scales have two containers which we can fill with

blue balls and red balls
. . The red balls weigh 20 grams each.
Do you think it possible for these scales to be faulty?
Move the points on the red and blue sliders
to add or take away blue or red balls respectively from either container.

The numbers above each container show how many balls

are inside from either color respectively.

Can you find how much each blue ball weighs?

Figure 3. Dimitris' 'scales' experiment

Constructionism for all in a classic geometrical problem

The second example shows how students made structural changes to an artefacts already
changed by Dimitris. We now have a classic geometrical example, which is in the interactive
textbook (fig.4), two concentric circles are given, the two corresponding diameters and students
are asked to tell what kind of quadrilateral is formed if the four intersection points of the diameters
and the circles are connected and also justify their answer. Next, they are asked, by increasing
and decreasing the lengths of the diameters and changing their direction to make various
guadrilaterals and justify their constructions. But Dimitris wanted more in terms of the possibility
of engaging his students in mathematical thinking. So, he made two line segments, where one of
them was a diameter and the other was a mere chord of an arc whose size could be modified. He
asked his students if a parallelogram is formed, as well as when and why. He asked them to
explain what is happening on the shape and construct different parallelograms of their own choice.
We can see that the questions are more open, they invite students to create quadrilaterals and to
explain how a figure does not belong to a particular class when the properties necessary for it to
do so do not apply.

Now let's look at some students' activity. A certain student thought of connecting these two
midpoints, one of the diameter and the other of the chord, O and O’, and observe what happens
to the OO' segment in order to provide his explanation. This is especially important, since the
student felt that he had the right and that it is part of his role to tamper with the software, to add a
line segment which will help him think and then dynamically manipulate it
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Join up points A; B, T, A, with line segments
to create a quadrilateral.

Is this quadrilateral a parallelogram or not?
Why?

What happens when point K moves?

e

N

HeMas )@ 9 s SHM@ S E

Figure 4. Dimitris' geometry experiment

. It is also important that in order for such a thing to happen, the teacher needs to create and
encourage this norm in the classroom, i.e. that these tools are tools for experimentation and
engagement as well as modification and tampering. In support of this, let us look at the things the
children were saying while using the tool. We have a student who says “this quadrilateral is not a
parallelogram since the opposite sides are not parallel and equal’. So far she answers the
guestion. But, without being asked, she goes on to say, “if the point K is moved along the diameter
that is there, the length of the chord, from which this point passes through, will change. So, as K
comes closer to D, the length of the side BG increases and of GD decreases”. This conclusion
was not part of the question. It is however a mathematical formulation, a conjecture and a topic
for thought in class, that this particular student felt it is a valid thing to do, it's within the norm,
within reason to do so. Despite the fact that there was a specific question, children felt free to think
of the mathematics around the question and not just answer it and move on to the next matter and
the next problem. These digital infrastructures, are thus infrastructures that encourage and allow
children to express themselves, to attribute meaning in what they’re doing. They include
interdependent representations as is shown in the first example, which is a very important matter
in mathematics, they help children become detached from the representation and understand that
there are concepts behind it. They allow dynamic manipulation, which is a new way to represent
concepts in mathematics as shown in the second example, a way that was not available before.
They allow teachers and students alike to have deep access to functionalities. In the first two
examples, Dimitris modified the scale simulation and took away a property of one segment
(diameter) to drastically change a mathematical problem. The students respectively changed the
functionality of the experiment by employing equivalence to resolve an equation and by adding a
segment to help them study a property.

Employing Algebra for a Geometrical Construction

The third example is about how we can combine concepts of mathematics that lie in different
sections in the curriculum, to such an extent so that they are mistakenly considered to be
unconnected. It is also about how students can for themselves invent ways to use mathematical
concepts. The respective artefact from the digital school is for the 7" grade and it is about the
rhombus and the square, apparently geometry again. This artefact incorporates mathematical
expression through computer programming, it is made with a new web-based 3D version of E-
slate Turtleworlds which we call 'Turtlesphere' which we developed at the Educational Technology
Lab. Students are put in the position of an engineer, and are asked to de-bug a model that one of
their fellow students has apparently made and that is not working correctly. “Yiannis’ team”, we
read in the problem text (fig. 1), “tried to make a procedure to construct a square, without success,
can you help Yannis fix the procedure so that when it is executed a square is always constructed”?
Students can experiment with the sliders by altering the variable values dynamically, look at the
code to figure out what change is needed, which property of the square is missing in this
procedure. What is missing here is that the angles should be 90 degrees. They get into the
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formalism of mathematics, correct the code, run the procedure and observe if it works or not. What
| wanted to discuss first is Dimitris' modification (fig. 5 first column). He turned this problem to be
about parallelograms providing one that doesn’t work in order for the students to experiment and
find out, think of what they need to do to make this shape become correct once again. After a lot
of discussion, the children managed to realize that the angles of the turns are supplementary and
that this suffices for the parallelogram to be fixed and nothing else is required. Dimitris then gave
them another problem, he asked if they can make a rectangle, that can never be a square. The
students came up with various strategies For example, they put a variable x for one of the two
opposite sides and they used x+20 in one case and 2*x in another, for the other side (fig. 5,
columns 2 and 3). What did the children do here? In order to express and make a model, without
anyone telling them, they thought of incorporating the linear function as an element of changing
and modifying the model. With this artefact the students themselves came up with an algebraic
solution to a geometrical problem and incorporated a linear relationship between two generic
numbers, the length of the opposite sides.

To parellelogram :x :y | To change :x | To myrectangle :x
Fd 50 fd :x+20 Fd :x

Rt 30 rt 90 Rt 90

Fd:y fd :x Fd :x*2

Rt :x rt 90 Rt 90

Fd 50 fd :x+20 Fd :x

Rt 30 rt 90 Rt 90

Fd 100 fd :x Fd :x*2

Rt 150 Rt 90 Rt 90

end end end

Figure 5. Students' constructions as responses to Dimitris' task

A short discussion

So this is a way in which institutionalized digital infrastructures could afford added pedagogical
value for students and also for teachers, designers and teacher educators and consultants. The
teacher can be assisted by these infrastructures in order for his practice to acquire a higher
element of orchestration by means of using them to generate norms for mathematical literacy. The
portal can also be used by teachers to engage in their own research and professional reflection.
The design element in the teaching profession can also be enhanced in interesting ways given
that these digital media can be used as expressive media for design. Teachers can create their
own artefacts by remixing the ones given in the portal like Dimitris and thus act as a members of
communities that discuss and share such activities and such materials.

Consequently, the artefacts now become springboards for student constructions, for design, for
creation of such artefacts by the educator and for engagement in communities of educators.
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Abstract

This paper reports on early- stage design research oriented towards engaging groups of learners
in computationally-rich constructionist activities. The work we present here focuses on computer
science (CS) instruction, but the approach is applicable across Science, Technology, Engineering
and Mathematics (STEM) disciplines. To enable constructionist learning at the group level, we
have created a new computational tool: a programmable and open-hardware electronic badge. In
collaboration with Parallax, Inc., a leading educational robotics company, we are developing these
badges as a research platform that foregrounds social and interactive dimensions of learning. In
this paper, we introduce the CCL-Parallax badge, outline our design motivations, situate the
badges within constructionist literature, and describe some of our early activities using them, which
fall into three broad categories: embodied participatory simulations, computational systems
simulations, and social and distributed maker activities.
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Figure 1. The CCL-Parallax Programmable Badge.
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Technology for Constructionist Learning at the Group Level

Can a group of learners engage in collective learning activities that are constructionist in nature?
If so, what does this look like, and what technologies are needed to support this kind of activity?
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We argue that this is indeed possible, and we are pursuing design research to illuminate this space
of possibilities. In this paper, we describe several categories of activity that are constructionist
both for individuals and for groups as collective learning entities. To support ongoing research in
this area, we have developed a computing platform centered on wearable, programmable, and
hardware-hackable devices: the CCL-Parallax Programmable Badge (Figure 1). These badges
are tuned to support activities that make learning social, shifting images of computation away from
work with self-enclosed black-boxes, toward distributed mobile devices and peer-to-peer
interactions. Moreover, the badges’ wearable nature encourages embodied learning, and their
openness at the hardware and software levels enables a range of open-ended construction
activities. Our work revives and unifies themes that have appeared throughout the history of
research into using mobile computing devices for learning. One important thread emphasized
distributed, embodied learning in groups, while another focused on the power of open, simple, and
mobile computers to support programming and robotics. Much of this work has built on Papert’s
constructionist vision of computing and learning (Papert, 1980). Within this broad vision, however,
researchers have diverged in the design and educational applications of mobile, personal,
programmable devices. With this work, we try and bring those threads back together.

Twenty-five Years of Wearables and PartSims

Early forms of wearable computing had few affordances for learning: they were used primarily in
corporate settings to increase efficiency and security, and to provide location tracking of
employees (Want & Hopper, 1992; Want et al., 1992). These early badges employed an
asymmetric communications model, positioning their wearers as passive objects to be labeled.
However, a targeted set of improvements enabled a radical expansion of the affordances of
wearables. The next wave of research in this area focused on supporting badge wearers in
symmetric peer-to-peer and badge-to-badge communications. Making a corresponding shift in
metaphor—from badge as label to badge as nametag—researchers at MIT created Thinking Tags
and later, Meme Tags, which were used at conferences to augment conversations between
people. These smart nametags were also programmable in a rudimentary way, opening the door
to user customization and personalization (Borovoy et al., 1996; Borovoy et al., 1998).

Education research also began exploring how such activities could be used to engage learners in
authentic practices of scientific inquiry. In particular, Wilensky and Resnick began exploring how
group-centered, embodied activities could illuminate multi-agent computational and social
systems. In the late 80’s, they created a massively parallel Logo environment, StarLogo, which
extended single-turtle Logo, to support simulations in which many turtles interacted to produce
emergent systems behaviors. In concurrent research in low-tech settings, they also designed
StarPeople activities, which allowed groups of people to “play turtle” in embodied simulations of
complex systems (Resnick & Wilensky, 1993; Resnick & Wilensky, 1998; Wilensky & Resnick,
1995). In such participatory simulations (PartSims) a group of participants enacts emergent
phenomena through coordinated role-play. Learners individually participate by playing the role of
the system’s agents that they are representing, and the group as a whole collectively experiences
aggregate and emergent behaviors arising out of individual interactions.

Given the complexity and inherent parallelism of both StarLogo models and StarPeople PartSims,
a design challenge arose about how to make agent-based insights into complex systems available
to a wide audience, using existing technological infrastructure. (Initially, running StarLogo required
some of the most advanced computers of the time.) Following one direction, which foregrounded
agent-based modeling, Wilensky created NetLogo (Wilensky, 1999). NetLogo enabled both
researchers and learners to create and run multi-agent complex systems models using the
personal computers that were increasingly available in homes and at schools. Participatory
simulations (PartSims) were then added to NetLogo by way of the HubNet module (Wilensky &
Stroup, 1999a), enabling a distributed network of computers to run PartSims and making them
easy to author in the NetLogo language. HubNet based PartSim research (Wilensky & Stroup,
1999b; 2000) observed significant learning outcomes and new forms and levels of participation,
especially with underrepresented groups.
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In parallel, a second line of research focused on carrying PartSims work forward utilizing wearable,
customizable badges (Colella et al., 1998). This work identified the embodied learning benefits of
wearables. For instance, in PartSims simulating the spread of a disease through a population
using badges, high school students drew heavily on prior experiences, knowledge, attitudes, and
interests (Colella, 2000). In spite of these successes, badge-based embodied PartSims were
largely set aside in the 2000s, though some studies with Palm Pilots and other PDAs continued
(e.g., Klopfer, Yoon, & Perry, 2005).

Programming and Robotics

While badge-based research focused on using portable and potentially ubiquitous computing
devices for embodied PartSims, there was little attempt to involve participants in programming or
designing hardware in that work. In contrast, other lines of constructionist research focused
specifically on the affordances of small, open computing devices that were similar to badges in
architecture and computational power as platforms for learners to build constructions involving
both hardware and software. In particular, work in physical computing and robotics advanced the
programmability and physical hackability of microcontroller platforms. The Cricket was created in
this line of research, intended to allow learners to construct personally meaningful computational
artifacts (Martin et al., 2000; Resnick et al., 2000). Such tools involved learners in authentic
scientific practices and tapped into prior experiences, interests, and motivations (Martin et al.,
2000). This approach remains a successful pathway into computation and scientific practice, as
evidenced in the continued popularity of platforms like GoGo Boards, Arduinos, pcDuinos, and
Lego Mindstorms. We argue that advances in wearable technology can support an approach that
unifies this work with work on embodied social simulation, supporting not only PartSims but also
scientific exploration, physical computing, and programming education. In this way, badges can
serve as flexible, multifaceted tools for authentic explorations of scientific and computing practices
that also foreground the social nature of computing.

Introducing the CCL-Parallax Programmable Badges

The CCL-Parallax badge was co-designed by Parallax, Inc. and the Center for Connected learning
and Computer-based Modeling (CCL) at Northwestern University to enable open-ended group
activities in an array of settings, from education-oriented conferences to classrooms. The badge
comes equipped with an accelerometer, a small OLED display, and IR communication capabilities,
meaning it is immediately possible for badges to communicate with each other. It is based on the
Parallax Propeller 8-core microcontroller, which is 100% open source (hardware, firmware, and
software). Additionally, multiple Integrated Development Environments (IDEs) for the badges
include the Simple IDE (SIDE) and the Propeller IDE; and programming language options include
the Propeller-C and Spin languages. The badges are also hardware-expandable through an array
of solder pads. They are thus designed to be “hackable” at both software and hardware levels,
inviting learners to tinker with, and customize, them. Across conference and educational settings,
the goal is to engage wearers in computational thinking by offering a rich set of “onboard”
functionality with an emphasis on social interactions through badge-to-badge communication.

All of these features support a “high ceiling” for the badges. That is, they ensure that learners will
be able to pursue their interests without running into limitations of the technology. However, for
the goal of broadening participation in computing, the badges are also intended to have a “low
threshold” and be accessible to learners with little or no prior programming experience. For this
reason, we are working to develop a blocks-based interface for creating badge programs. This will
allow the badges to be programmed with elementary logic that includes access to all onboard
functionality including badge-to-badge interactions and communications.

We aim to leverage the inherently social nature of the badges to engage young learners with
computing and science practices in activities that position them as creators of personally
meaningful constructions. Research has shown how perceptions of Computer Science and STEM
fields as asocial and isolated negatively affect young learners’ dispositions to pursue these fields
(American Association of University Women, 1994; Barton & Tan, 2010; Brickhouse et al., 2000;
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Margolis & Fisher, 2003). Our end goal in providing a “low threshold” entry point is to enable the
badges to respond to the interests and expertise of learners as they develop, and to create a novel
pathway into STEM and computing learning experiences.

Designing for Constructionist Learning

In constructionist designs, the physical, social, and conceptual dimensions of learning all play
important roles in structuring the experience of participants. While the constructionist tradition
does not prescribe specific requirements for effective activities, it does lay out a series of
guidelines and principles that collectively foster deep and effective learning. We argue that the
CCL-Parallax Programmable Badge can support researchers in exploring a new constructionist
design space of activities that can engage learners with powerful ideas in innovative ways.

Learning by Making

One of the central tenets of constructionism is that the development of internal knowledge
structures can be facilitated through the construction of external artifacts. In Mindstorms, Papert
uses the Logo programming language as one example of external construction in support of
meaning making (Papert, 1980); and similar arguments have been made about construction with
physical devices (Eisenberg, 2003). Moreover, improvements in digital fabrication and increased
access to these technologies have introduced a host of tangible computing environments that
enable new blends between computing and crafting (Blikstein, 2013).

To serve as an effective tool for supporting and investigating constructionist learning in a given
domain, a technology must make appropriate tradeoffs between functionality, simplicity, cost, and
other factors, as judged by the needs of designs in that domain (cf, Sipitakiat, Blikstein, & Cavallo.
2002; 2004). While the CCL-Parallax badge has been designed to be “protean” in the sense that
they invite expansion, their onboard functionality nevertheless determines the type of activities
that are their “native ground.” This built-in set of features clearly favors social and badge-to-badge
interactions. Beyond the focus on IR communications, audio-visual outputs are central hardware
components on the badges—from RGB and monochrome LEDSs, to the high-density OLED
display, to the headphone-compatible audio (and video) output port. Built-in libraries offer simple
access to this hardware and facilitate uses that favor embodied social interaction. For example,
there is a simple single command to vertically flip the OLED display, enabling switches for text to
be read by the wearer (flipped), or by another person (public).

Social Syntonicity

Papert described the kind of learning he hoped to foster with Logo as syntonic. For instance, the
turtle is body syntonic in that children interact with it in ways that are grounded in their own sense
of themselves as physical beings navigating the world. It is ego syntonic in that their relation with
the turtle is coherent with their ideas of themselves and others as beings with intentions, goals,
and desires, In developing the badges, we aim to create distributed technology that supports
socially syntonic learning. That is, we seek to develop a wearable platform for activities that
encourage learners to invoke their ways-of-being as social creatures. Our goal is for badge
activities to encourage learners to leverage their understandings of how, when, and why they
interact with others. We see this as a particularly compelling and novel aspect of the badges, since
it brings engagement with computing into the social realm, augmenting existing social practices of
learners and broadening the range of contexts in which constructionist learning can occur. If
successful, the badges could join other constructionist tools in serving as useful objects-to-think-
with. Specifically, the badges can support thinking in settings that foreground distributed or group-
level behaviors and phenomena. Given the importance of such phenomena to both computer
science and STEM disciplines, the badges could be a significant addition to the constructionist
design toolkit.
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Public and Sharable Artifacts

Early Logo research found that the social and communicative dimensions of the construction
process were integral to learning. Harel and Papert (1990) reported that Logo “facilitated the
ongoing personal engagement and gradual evolution of different kinds of knowledge; and at the
same time, it also facilitated the sharing of that knowledge with other members of the community,
which in turn encouraged the learners to continue and build upon their own and other people's
ideas” (p. 33). The integration of public sharing mechanisms has also played an important role in
the success of some of today’s most widely-used constructionist software (Fields et al., 2014). In
making constructed artifacts public, the shared artifacts come to serve as public reflections of the
creator’'s ideas. Furthermore, these artifacts can serve as occasions for conversations -
conversations in which the learner is the expert, with valuable knowledge to share. Such
discussions can serve as powerful opportunities to disseminate ideas, to gain and give feedback,
and to reflect collaboratively with peers. Some of our early activity designs with the badges
integrate new opportunities for public sharing, which are enabled by the underlying distributed
computing model. In activities that engage learners in creating badge constructions that
communicate, the iterative programming and debugging cycle also intrinsically involves sharing.
Students need to work in pairs or groups even to test their programs; and these social interactions
provide opportunities for sharing at all levels.

Powerful Ideas of Computing Made Accessible

Papert argues that an idea is powerful if it is seen to be immediately useful to the learner, if it
connects to many other productive ideas, and if it is rooted in the learner’s intuitive understanding
about the world (1980, 2000). Constructionist research in computational thinking attends to the
significance of various powerful ideas, be they practices—such as debugging and abstraction—or
concepts and patterns that provide explanatory purchase in a variety of domains—such as
emergence and feedback. Badges have the potential to expand access to powerful ideas in
computing because they can operate not only individually as mobile computers, but also
collectively as a distributed computing system

Activity Structures Supported by the Badges

In this section we briefly describe and categorize some of the activity types that we have explored
with the badges. To date, our designs have fallen into three categories.

= Embodied PartSims of social and scientific phenomena

= Simulations of systems significant to computer science

= Social and distributed maker activities, emphasizing programming, wearable physical
computing, or hardware hacking and expansion

In the first category, we see the badges as a means to carry forward the tradition of embodied
PartSims research previously described. As an example, we have done field studies of two
versions of a PartSim involving networks and disease transmission with three groups of learners,
experimenting with the interactions between the badges, variations in the participant group, and
different badge-mediated interaction designs. Two of these studies are described in Brady et al.
(2015). Our fieldwork has included teachers in a professional development event; a group of 32
fourth graders in a museum setting; and a smaller group of 11 high school students, also in a
museum. The disease activity has two phases. In the first phase, participants interact with each
other as well as with badges that are affixed to inanimate objects in the “scenery” of the simulation
environment. In the second phase, interaction data stored on the badges is relayed to a central
computer, which provides a dynamic, manipulable visualization of these interactions. The group
investigates the visualization, to gain an analytic perspective on the shared embodied simulation
experience. In this category of work, the badges act as supports for the roles that participants take
on in the simulation. Thus, these activities extend the metaphor of “badge as nametag” discussed
previously, to a more general role that we call “badge as costume.”
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In a second category of activities, we have designed PartSims that address specific topics and
phenomena in computer science. These activities differ from activities of the first category because
the badges are foregrounded as computational devices, which are simulating the behavior of
components in (other) computational systems. An example is the Wearing the Web activity (Brady
et al., in review) in which learners play the role of network endpoints, data packets and routers in
simulating a working instant message application. While activities in this category are also
PartSims, the computational nature of participants’ roles focuses their attention on the
mechanisms by which the badges achieve their functions. These activities thus act as a bridge
between research in the PartSim tradition and research that is oriented toward supporting learners
in programming and physical computing.

In the third category of activities, the badges’ computational nature takes center stage. Their
behaviors become the explicit focus of collective attention, and the group collaboration is centered
on constructing these behaviors. We provide an early instance of a software-focused multimedia
activity in this category in the next section: Talking Badges.

Talking Badges

This is an introductory activity that can be used early in students’ work with the badges and
perhaps as their first experience with programming them. It foregrounds the audio-output
functionality of the badges, along with a text-to-speech library that converts specially-formatted
phoneme strings into intonated speech. For instance, the following string produces the first seven
letters of the familiar alphabet song: “#laybee+7seedee++ee ef-jee”.

The Talking Badges activity provides an open social computing environment in which learners
collectively develop computational artifacts of two kinds. First, at the level of content they construct
and iteratively improve phoneme strings that yield recognizable utterances when run through the
text-to-speech engine. Second, at the level of code the learners create programs that allow them
to render and share the phoneme strings they are building. The “code” goal is pursued as a means
of achieving the “content” goal, and both proceed in a distributed, social manner, leveraging the
emerging collective knowledge and thinking of the group.

At the start of the activity, students are introduced to the blocks-based programming environment
and to the phonemic conventions of the text-to-speech engine. They do this by examining a
rudimentary initial program that enables them to (a) play pre-defined phoneme strings, (b) send
these strings to another badge, and (c) store strings received from other badges into long-term
memory, which can be uploaded to a computer when the badge is connected. After a simple
demonstration of how to load and run programs onto the badges, how the initial program works,
and how to upload strings collected in long-term memory, learners are invited to tinker with the
program, changing it in any way they like and using their constructions to make their badges
communicate. They are also encouraged to make use of an online class “Gallery” which allows
them to post and download digital artifacts (e.g., programs or text strings), enabling sharing,
remixing, and so forth.

It is important to note in this activity, while the user is programming, they are not writing programs
from scratch. Instead they are modifying and extending existing programs, thus making the
activities accessible to those without prior programming experience. And although the blocks-
based environment is still being developed, early tests of the Talking Badges with graduate
students suggest that text-to-speech is engaging to a variety of learners with a range of prior
programming experience. Moreover, “coding” a phoneme string seems to provide a motivating
entry point for tinkering with computer code.

Hybrid Activities that Blend these Categories

Because the badge platform is still in its infancy, our initial studies have involved PartSims in the
first two categories of activity described above: these activities do not require a fully-developed
low-threshold programming environment. However, we feel that a great deal of the innovation
potential for the platform resides in the third activity category and also in an entirely new family of
activities that blend PartSims and Making. For example, consider a PartSim in which participants
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can contribute to the simulation by modifying the code or hardware of their badges. Extending our
existing work on disease spread, we have imagined a family of such activities in which a “viruses”
or other pseudo-biological entities are represented a character strings that can be transmitted from
badge to badge. Error-prone IR communications can simulate mutations in transmission. Students
can be given challenges to create viruses with given properties, to generate “drugs” or simulate
immune responses that attack “genetic” sequences, and so forth.

Conclusion

The CCL-Parallax Programmable Badge is designed to make powerful ideas accessible to
learners through a variety of group-centered activity types that unfold in a social space and
integrate virtual and physical constructions. We believe that badge-based activity designs can
bridge between the PartSims and Programming themes within the constructionist research
literature, as well as supporting broader scientific exploration and physical computing. This not
only allows for activity sequences that incorporate both traditions, but it also opens up a new
design space of hybrid activities—including PartSims involving distributed programming and
networking scenarios. As we develop a robust learning platform around the badges and iterate the
hardware design, we hope to share insights into new social dimensions of learning in computer
science and the STEM disciplines.
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Abstract

Constructionism is a practice that has developed alongside computing. In addressing a
conference of educators in the 1980s, Papert himself recognised that “the new technologies are
very, very rich in providing new things for children to do”, that a child who used LOGO to make a
picture would be unlikely to say “I'm programming a computer”, and that “nobody knows how
computers will be used in 10 or 20 or 30 year's time” (Papert, c1980). Thirty years later, despite
many generations of development in LOGO, and the advent of other programming languages such
as Alice and Scratch designed with constructionist aspirations in mind, there is scant conceptual
support for computing that is not in essence based on a paradigm of ‘programming the computer’.
In this paper, we outline an alternative constructionist practice that is based on exploiting
computing technology in a way that cannot be accounted for merely in programming terms. A
crucial ingredient in this new practice (“making construals”) is an epistemological stance that is
constructivist in character and derives from the radical empiricism of William James. Adopting this
stance enables us to regard the contention by Ben-Ari — fundamental to the idea of programming
— that the computer is ‘an accessible ontological reality’, as itself a construction.

We can exercise the construal by clicking on the coins in the purse construal, on the selection panel and on the coin slot of the vending machine.

In this way, we are able to track the course of a single purchase only. For instance, we don't know what coins are returned in the change, so that tracking the cumulative effect of buying

more than one item would require a richer construals of the purse and of ‘change’ -
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To reset the construal for another purchase, we should return all coins to the purse and reinitialise the vending machine:
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Note that the interaction is somewhat unrealistic in that coins entered can in effect be retrieved until a purchase has been made. In practice this would require an additional button for

returning coins that had been inserted.

Figure 1. Making a construal of a purse and vending machine
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Introduction

Computing and construing are two concepts linked by the question: What agencies are at work in
the world?. When computing, we exploit contexts in which we can be confident of the answer.
When making a construal, we are exploring the myriad possible answers. Computing is typically
concerned with how we can deploy the agencies at work in the world to achieve a clearly defined
goal. Construing is typically an open-ended activity, speculative in nature, that is often invoked
when we are uncertain or confused.

By tradition, computing is squarely rooted in an objective reality. As Ben-Ari explains (Ben-Ari,
2001), the novice programmer must come to terms with the computer as an ‘accessible ontological
reality’, where there is no room for negotiation about the interpretation of an instruction. With
reference to Latour’s essay on the nature of ‘construction’ (Latour, 2006), the established view of
computing is most readily allied with a world view that espouses naturalism.

By contrast, construing is a personal and subjective matter. In some contexts, as in writing science
fiction, for instance, it is quite appropriate for a construal to be fantastical. With reference to Latour
(Latour, 2006), associating ‘making construals’ with ‘construction’ is potentially problematic
because a construal can be so idiosyncratic and arbitrary. Where there is controversy, it is not
uncommon for one person to say of another: “How can they possibly construe things that way?”.
In this respect, construing has affinities with deconstruction.

Naturalism and deconstruction represent polarised views about the fundamental nature of agency.
Latour argues that in order to sustain a robust notion of ‘construction’ it is necessary to resist both
— yet to reconcile computing and construing within a constructivist setting is to bring together
activities with the flavour of both (Beynon and Harfield, 2007). The almost paradoxical nature of
this conjunction is reflected in the guarantees Latour sets out in his characterisation of authentic
construction. Consider, for instance, his First guarantee: “once there, and no matter how it came
about, discussion about X should stop for good. This is an essential assurance against endless
controversies, heckling, superfluous doubts, excessive deconstruction.” and contrast this with his
Second guarantee: “In spite of the indisputability insured by the former, a revision process should
be maintained, an appeal of some sort, to make sure that new claimants—which the former
established order had not been able to take into account—will be able to have their voices heard—
and ‘voice’, of course, is not limited to humans.”

ENVIRONMENT
Context
Understanding
MAKER
COMPUTER DOMAIN
Construal Referent

Figure 2: Making a construal by using a computer

69



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

In the approach to computing to be outlined and illustrated in this paper, the computer serves as
an instrument to support the maker of construals (cf. Figure 2). The key idea is that the maker
creates an interactive artefact that embodies their personal, provisional and evolving answer to
the question ‘what agency is at work in the domain of interest?’” and auxiliary questions such as
‘how is this agency mediated?’. The term ‘construal’ reflects the role of this interactive artefact in
helping the maker to construe agency in the environment viz. to think about how agency in the
environment of interest ‘works’. Through interacting with the construal and in the environment, the
maker crafts a computer-based experience that mirrors what is observed in interacting with the
environment. This observation is typically oriented towards a specific ‘referent’ in the environment,
such as an object or phenomenon to be understood, and involves creating an appropriate context
for interaction (as in experimental practices in science). The directness of the connection between
the construal and the referent, as experienced by the maker, is aptly captured by the ‘mirror’
metaphor. A movement of an object in the world and the associated movement of its image in the
mirror are experienced as if they were one. Note that, even in this context, there is an element of
‘construction’ — if the mirror were sufficiently far away, then there might be some discernible delay
between the movement of the object and that of its image, but the maker may still construe the
one movement to be indivisibly associated with the other.

From a learning perspective, the connection between a construal and its referent is of the same
kind that a native speaker experiences between words and their meaning. No conscious element
of formal translation is involved — the words are heard or spoken and what they signify comes to
mind in the very act of hearing or speaking. Much experience of a language and of life is required
to acquire this degree of fluency, and there is no point at which the understanding of the meaning
of a word or phrase can be deemed absolute. It is quite appropriate that the term ‘construing’ is
conventionally used to refer to what we do when faced with a situation in which the fluent
connection between a phrase and its meaning is for some reason perturbed or undermined.
Construal in this sense involves playing around with words and exploring what comes to mind so
that the fluency of the connection can be restored. Though the computer is not involved in this
kind of construal, essential ingredients of such activity are represented in Figure 2. As a computer-
based example of a similar kind of ‘connection in experience’ to which Figure 2 applies, consider
the way in which, without conscious effort, an examiner connects the rows and columns of a
spreadsheet with students and subjects of study.

The philosophical outlook that is best matched to ‘making construals’ is the radical empiricism of
William James (James, 1912). James’s central thesis is that all knowing is rooted in connections
between experiences that are themselves given-in-experience (‘conjunctive relations’). James
contends that those aspects of experience that we regard as objective or formal are derived from
primitive experiences of connection: “the "truth" of our mental operations must always be an intra-
experiential affair” (James, 1912, p202), “... subjectivity and objectivity are affairs not of what an
experience is aboriginally made of, but of its classification” (James, 1912, p141), “knowledge of
sensible realities ... comes to life inside the tissue of experience” (James, 1912, p56). The
importance of adopting a Jamesian outlook for construction is that it addresses the issue to which
Latour draws attention: the need to resist the claims of naturalism and deconstruction. Where
naturalism argues for absolute knowledge of agency, radical empiricism interprets all attribution of
agency as pragmatic in nature, calling into question the significance and practical value of
believing that “we could know what causation really and transcendentally is in itself” (James, 1912,
p185). And where (as Latour maintains) deconstruction “has been able to turn into dust all the
claims to solidity, autonomy, durability and necessity”, radical empiricism traces the root of all such
claims to connections in personal experience whose authenticity is pragmatically attested and
cannot be refuted: what proof do we need that a native speaker makes fluent connections between
words and their meanings but to hear them speak? This Jamesian perspective on naturalism and
deconstruction is summarised in the Principle of Pure Experience: “Everything real must be
experienceable somewhere, and every kind of thing experienced must somewhere be real”
(James, 1912, p159-60).
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This paper outlines and illustrates an approach for exploiting computer-based technology to make
construals. This is the theme of an ongoing EU Erasmus+ project, entitted CONSTRUIT!, aimed
at disseminating online resources for making construals. The three following sections respectively
discuss: the basic principles of making ‘digital’ construals; how this gives support to making
connections in experience of the kind described by William James; and what merits this has where
computer support for constructionism is concerned. More details appear in a tutorial paper
(Beynon et al, 2015) and in online versions of the construals shown in Figures 1, 3 and 4.

Making construals by using the computer

In making a construal by using the computer the focus is on exploiting the rich interactive
experiences that computing technology affords. In keeping with James’s view that all knowing is
rooted in connections between one aspect of our experience and another that are themselves
experienced, the goal is to develop ways of invoking and evoking connections in experience.

Figure 2 depicts the key ingredients in making a construal. The maker, represented by the eye
icon, observes the construal on the computer (e.g. the symbols in the cells of the spreadsheet
grid), in parallel observes an independent phenomenon (e.g. the exam performance of a class of
students) and experiences a connection between what is observed on the computer and what is
observed in the world (e.g. reading the value of a spreadsheet cell as ‘Tim’s mark in Greek’). The
term ‘referent’ is used to refer to “what is observed in the world” (cf, Figure 2).

What makes it possible for the maker to experience such a connection? Though the experience is
always in the present, it is informed — indeed constructed — by past and ongoing experience of
interaction with the construal and its referent. Of central importance is the fact that the changes to
the referent that might be expected to occur have direct counterparts in the construal (cf. revising
Tim’s mark in Greek, removing a row to signify that Tim has withdrawn from Greek, scaling the
numbers in a column as the Greek exam was too hard). In Figure 2, the term ‘understanding’
refers to the memories of prior interactions and the expectations these arouse in the maker’s mind
in this fashion. If the construal has reached a mature state of development, the maker’s experience
of the connection between the construal and its referent will be very reliable and unremarkable.
The crafting of the construal aims to establish and maintain a connection that can be experienced
seamlessly. In this respect, the context for the interaction (cf. Figure 2) is significant as it influences
what is to be expected (cf. the absence of a mark in a spreadsheet is normal whilst an exam is
still being marked, but concerning at an exam board).

The connection in experience between a construal and its referent is enabled by a correspondence
between ‘observables’ in the construal and in the referent. An observable is an entity to which a
current value or status can be attributed. Observables in the construal may or may not have a
visual representation — the term ‘observable’ is used in a broad sense, as in science, where an
observable value may not be directly perceptible. Observables are linked by dependencies,
whereby changing the value of one observable affects the value of others in a predictable way. As
the spreadsheet illustrates, recognising observables in the construal and the referent and
experiencing a connection between them relies upon perceiving dependencies.

The practice of making a construal will be introduced via a simple illustrative example. The maker
interacts with a special-purpose environment for making construals (“the MCE”). Within the MCE,
the maker can develop a network of observables and dependencies in an empirical incremental
fashion. Each dependency is expressed by giving a definition for the value of an observable similar
to the definition of a spreadsheet cell. The current state of the construal is then recorded as a set
of definitions or ‘script’. Within the MCE, the definitions in the script can be freely modified and
inspected. By way of illustration, the screenshot in Figure 1 depicts a construal of a purse and
vending machine: it features a window (A) through which the script can be modified, a Symbol List
(B) from which current values and definitions of observables can be obtained, together with visual
representations of observables where appropriate (C). Unlike a conventional program, a construal
does not have a clearly prescribed ‘user-interface’ and ‘user-manual’. It supports a wide range of
open-ended interactions and interpretations, many of which are not preconceived. The maker’s
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‘understanding’ is one of many possible ways to interact with the construal. This understanding
can be partially documented by embedding script fragments into a narrative, as in the backdrop
to Figure 1, where what is involved in construing a purchase (D) and the definitions needed to
initialise the purse and vending machine are displayed (E).

More insight into the role of the MCE can be gained from looking more closely at the purse
construal that features in Figure 1. Panels extracted from a screenshot of the purse construal are
shown in Figure 3.

Canvas Picture I,

New Purse

ﬁ "5'\\ Offered
- = T = F

Symbol List (showObservables) - %

offered% |spen|have|tota|chang Edit Listed

Construal ¥

spendingmoney = 292

haveenoughmoney = true

totalcost = 283 G

offered = 285

change = 2

Figure 3. A construal of a purse

In making the purse construal, the scenario the maker has in mind as a referent is the old-
fashioned shop, where the customer takes money out of their purse and places it on the counter
when they wish to buy something. This is modelled in the construal by clicking on the coins so that
they are moved out of the purse, where they are being offered in purchase (F).

To expose the construction that underlies this transaction, it is useful to contrast the customer’s
adult view with that of their accompanying child. What the child sees is simply the placing of the
coins as tokens on the shop counter. It is an activity devoid of explicit meaning. In fact, the activity
embodies many invisible observables, dependencies and a pattern of agency that is only
appreciated by the adult. The Symbol List (G) in Figure 3 shows how these are taken into account
in the construal. The adult interprets the coins they have to hand as a derived observable — the
money available to spend (“spendingmoney”). They have in mind the total cost of the items they
wish to buy (“totalcost”). They can observe how much money they have offered (“offered”) and
know how much change to expect (“change”).

The observables that are defined by dependency are shown in green. For instance, the observable
‘change’ has the definition:

change is offered - totalcost if (offered >= totalcost) else @;
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The role of the construal is to mimic the environment for interaction and agency that is experienced
in its referent. Dependency is crucial in making it possible to capture the many possible concurrent
interpretations of a simple atomic action. For instance, in the purse construal, ‘choosing to offer a
coin in payment’, to this end ‘placing the coin on the counter’ and ‘increasing the amount of money
being offered’ are expressed as one and the same action

Modelling the current state of the referent as a network of observables and dependencies that can
be revised at any moment in an open-ended fashion also makes it possible to take account of
many different agent perspectives in ways that cannot be comprehensively preconceived. For
instance, suitable supplementary definitions turn the coins over for the benefit of someone who is
totally unfamiliar with the currency but can read the numerical values displayed on the other side
of the coin. A simple transposition of definitions can reflect a misconception about the value of
coins, such as mistaking 2p coins for 5p coins and vice versa on account of their relative size.
Another form of agency is expressed by the ‘New Purse’ button, which randomly generates new
contents for the purse, as is appropriate in a context where what the customer has in their purse
is a matter of chance. Changing the definition of ‘totalcost’ to reflect the need to save the bus fare
home illustrates an alternative way in which agency may be adapted to context.

Making construals as making connections in experience

The aspiration in making construals in the MCE is to give explicit concrete expression to the
Jamesian notion that all knowing is rooted in making connections in our experience.

The development of the construal of a purse and vending machine depicted in Figure 1 was
contrived to demonstrate how ‘making connections in the experience’ pervades every aspect of
the maker’s interaction with the MCE. Indeed, given sufficient expert knowledge of its referent,
learning how to exploit the MCE as an instrument for making connections in experience is in
principle all that is required to be able to develop a construal from scratch.

With reference to Figure 1, the skeletal visualisation of the vending machine comprises four
rectangles: a compartment to hold the items for sale, a slot to put coins in, the delivery tray and a
box for the change. The definition of the observable to represent each rectangle has the form:

testrectangle is Rectangle(10,10,100,50);

To construct the visualisation, the maker must first define the observables for the component
rectangles and then establish the appropriate geometric connections between them. This
construction can be carried out by repeating a standard process for ‘making connections in
experience’ that is quite characteristic of the MCE. This process involves disposing appropriate
panels, one or more of which is a script fragment that can be interactively edited, in such a way
that they can be viewed simultaneously, then interacting in an exploratory fashion by editing the
script and observing the result.

A simple application of this technique juxtaposes the above definition of ‘testrectangle’ with its
visualisation on the canvas. Experimental redefinition of the four parameters on the right- hand
side of the definition readily identifies them as referring to the x and y coordinates of the top left
corner of the rectangle, the width and the height of the rectangle respectively. Note that being able
to associate the symbolic names x, y, width, height is not a prerequisite for being able to
manipulate the rectangles or indeed to elaborating the construal. The connection between the
visualisation and the definition can be experienced whether or the learner can attach objective
names to the parameters. But for the learner who speaks English, the connection is more vivid.

Though this empirical approach to such a simple task as constructing rectangles at first sight
appears trivial, this is misleading. Making connections in experience is indeed a primitive learning
activity but — in keeping with James’s thesis about knowing — its cumulative potential to express
rich and subtle understanding is immense. As illustrated by the allusion to English- speaking
makers above, a connection in experience does not have the binary limitations of semantic relation
based on logic. Neither should we forget that the abstract concept of a rectangle is far from trivial,
when we consider that no true rectangle can be physically drawn.
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For the non-specialist, the exploratory process outlined above may seem more appropriate when
considering the more technically challenging task of specifying the fruit images in Figure 1, as in:

apple is HTMLImage(0.1*s, 0.1%s, 0.8*s, 0.8"s, imagelocation // "a.png");

The same process generalises to other connections between the rectangle and image constituents
of the vending machine that relate to its real-world semantics (cf. Figure 1). These include the
connections that give integrity to the parts by defining their location relative to a single reference
point and those that keep them in the same proportion (cf. the scale factor ‘s’ in the formula above).
It is also used to set up dependencies to ensure: that, for the purpose of submitting coins to the
vending machine, an observable ‘inCoinSlot’ attached to the coin slot responds to mouseover;
that, when appropriate, the change due will be displayed in the change tray; and that the selected
choice of fruit juice will be displayed in the delivery tray.

The benefit of making construals where making connections in experience is concerned is
illustrated by the way in which (as shown in Figure 1) the construals of the purse and vending
machine can be blended within the MCE to form a new construal. This makes it possible to apply
the exploratory process described above to make connections between the state of the purse and
that of the vending machine. For instance, when the money offered is sufficient to buy the item
selected, the item is delivered.

The above discussion suggests that making the construal in Figure 1 is a matter of exploiting the
support for exploratory interaction in the MCE to express the connections in experience that are
in the mind of a person who has real-world experience of using a purse and a vending machine.
This is not without its elements of technical challenge, but several distinctive qualities of the
environment can assist in establishing these connections:

the immediate / present moment nature of the model of current state

support for direct interaction that can disclose latent patterns of state-change

means to display aspects of state and dispose them so that they can be viewed side-by-side
means to distinguish different kinds of agency and modes of state-change.

Computer support for constructionism

Construing has an important role in teaching and learning. The learner construes what the teacher
presents. The teacher construes the responses of the learners. Being able to apprehend
connections in experience has a crucial role in learning. Terry Pratchett, the distinguished author
who suffered from a rare form of Alzheimer’s disease at the end of his life, describes how his
illness made it difficult for him to put his pants on the right way round ( Pratchett, 2010). He had
lost the ability to interpret what he was looking at to such an extent that he could not recognise the
orientation of his pants without first pulling them up, and then — if necessary — taking them down,
walking around them, and pulling them up again. This is evidence that our capacity to make
connections is implicit even in what appear to be the simplest tasks. It also shows that being able
to model connections in experience is a necessary element in giving personalised support for
learning. What is more, it suggests that our reliance on being able to make connections is hard
both to recognise and to analyse.

The need to understand learning with reference to modelling connections in experience that may
take subtle and unexpected forms is a reason for thinking that making construals is a better
foundation for constructionist learning than conventional programming. This may seem
paradoxical when we consider that ‘developing the MCE’ could be regarded as ‘writing a program’.
The fundamental distinction is that the priorities in giving support for making construals are quite
different from those involved in writing a computer program. The primary emphasis in exploiting
computer-based technology as a rich source of experience is not on implementing an algorithm
and crafting a user-interface to realise a specific functional objective. Of paramount importance
are the characteristics of the peripheral devices that make state perceptible, pragmatic issues
concerning the instrumental qualities of the construal as matched to the skills and expertise of the
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maker, and considerations concerning real-time response and how agency is mediated that are in
the normal way regarded only as epiphenomena.

The basic procedural specification of a rectangle in LOGO is ill-suited to expressing meaningful
relationships associated with rectangles such as were discussed above: there is a gross mismatch
between a formal recipe to describe a behaviour in a highly engineered and precisely formulated
machine-like environment and an informal and open-ended perception of state with plausible
agency that is yet to explored. Alternative programming paradigms, whether declarative or object-
oriented, resolve this problem only to the extent that more useful abstract relationships can be
preconceived. The idea of making connections in an open-ended manner transcends the formal
semantic boundaries that such abstractions impose.

Though educational software is not in general conceived with explicit computer programming
concepts in mind, the influence of computational thinking is still apparent. A typical approach to
developing a microworld involves conceiving a rich set of affordances for the learner to enable
them to explore the states that arise. These affordances reflect what a teacher might consider to
be appropriate primitive steps out of which interesting and instructive patterns of behaviour can
be fabricated. Certainly, the concept of ‘use’ no longer applies to the learner’s interaction in such
environments: through exploration, the learner may encounter situations that were never in the
teacher-developer’'s mind. The danger is that in such situations the connection in experience that
can associate meaning with state has been lost, thereby removing the ground from the learner’s
efforts at interpretation. In contrast, making construals is an activity in which the experience of
making connections is critical — the construal, its referent, the maker’s understanding and the
context for interpretation can evolve freely, but if the correspondence between the construal and
its referent is no longer the subject of a connection in experience, the exercise is futile.

In the educational context, the significance of maintaining dependencies as a way of establishing
a cognitive link between software and the domain to which it refers is well-recognised (Beynon,
2007; Roe and Beynon, 2007) . Dependency features prominently in dynamic geometry and in the
application of spreadsheets in education (Baker and Sugden, 2003). The Scratch programming
environment also has built-in features to enable the computing novice to make connections
between program variables and media devices. Satisfactory support for construction demands
more than adding dependency to the repertoire of features available in a programming language:
the computing environment in which the maker-learner interacts cannot be abstracted from the
learning domain if it is to be open to live specification of dependency.

Making construals makes it possible to specify program-like activities without compromising the
openness to live interaction and revision (cf. Beynon, 2009). This is illustrated by the construal of
‘giving change’ depicted in Figure 4 below. The learning resource on which this construal has been
modelled is a Scratch program entitled ‘Coins’ from Phil Bagge’s book on teaching primary
programming (Bagge, 2015, p107).

As described by Bagge, the Coins program is conceived as ‘a machine that chooses the largest
coins possible to make from the pence inputted by the user’. This machine is constructed by
making use of several abstract procedural constructs represented by Scratch blocks.

In making a construal, the primary focus of attention is on what sequence of states might be
observed when one person gives change to another. Panel (H) in Figure 4 shows some key
observables and dependencies viz. whether the amount of change to be given in pennies exceeds
each of the denominations of coins available (gtl, gt2, gt5 etc.). These truth values can be
disposed in a list that is ordered from the smallest to the largest denomination (see ‘gtlist’ in panel
(1)) and reinterpreted as 1s and 0s via a simple dependencies (see ‘gtnumlist’ in (1)) . In the list of
denominations (‘denoms’ in (H)), the index of the maximum denomination smaller than ‘amount’
is defined as the sum of the elements in ‘gtnumlist’. This maximum denomination can be defined
by dependency via this index (see ‘maxdenom’ in (1)).

The core action in specifying the change in coins (as recorded in ‘coinlist’ in panel (I)) appends a
coin to represent ‘'maxdenom’ to ‘coinlist’ and reduces ‘amount’ by ‘maxdenom’ (see panel J).
When this action is performed, the values of the observables in panel (H) are updated by
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dependency, and the next coin to be given in the change is identified. In this approach, there is a
direct correspondence between acting out the process of giving change and executing it
automatically. This makes it possible to interleave manual and automatic action — so that for
instance keeping back a 2 pence coin and in place using two penny coins can be acted out.

In the Coins program, the denominations are built into the structure of the code. In contrast, the
construal of giving change illustrates the separation of agency (J) from the specification of context
(H). This gives potential for easy and flexible adaptation of the context (e.g. a single redefinition
can change the denominations available or convert from UK to Euro currency) and of the algorithm
(e.g. giving change so that the smallest denominations are presented first). The construal can also
be plugged into the construal of the purse and vending machine in Figure 1.
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Figure 4. A construal of giving change

Concluding remarks

The aspiration in CONSTRUIT! is to develop open online resources to teach making construals,
and so encourage its adoption in school education. Support for ‘digital’ construction has potential
benefits not only for developing general educational resources but also for computing and
computer science education. The synergy between James’s radical empiricism and making
construals may also help in communicating both. As James (1912, p90) remarks of his ‘philosophy
of pure experience’, so crucial to interpreting the notion of construction being advocated in this
paper: “it is almost as difficult to state as it is to think it out clearly”.
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The interested reader can find more background on both the practical and conceptual aspects of
this paper. The illustrative examples were developed in association with training activities held
under the auspices of the CONSTRUIT! project, and can be accessed via the link to the MCE
cited below (The CONSTRUIT! environment, 2015). For in-depth discussions of the role of
dependency in educational technology, and of how the concept of construal can be related to
model-building in support of software construction, see (Beynon, 2007) and (Beynon 2012).
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Abstract

Twenty-nine years ago, Costa Rica decided to introduce computers into the educational system.
From the beginning, it was clear that a solid theoretical and pedagogical basis should guide the
design of the project and that it ought to be focused on the use of computers as tools to develop
high level thinking skills and on training the teachers in the methodology to be used rather than on
the computer hardware and software. This understanding was a key factor to select the
pedagogical proposal of Seymour Papert, whose influence in the design and initial implementation
of the project was strategic.

With time, the project became a sustainable, innovative and dynamic National Program,
implemented through a public-private partnership between the Ministry of Public Education and the
Omar Dengo Foundation. This paper reviews the evolution of the Program, the results achieved,
lessons learned, and challenges still ahead. The financial cost of this type of programs is
substantial, particularly to developing countries that still have educational systems demanding
resources to cover even the basic needs of infrastructure, educational materials and of sufficient
and well-trained teachers. The international cooperation and financing agencies are interested in
understanding under what circumstances such investments generate significant results, both
educationally and socially, and allow for a sustainable scheme. As more and more countries
around the world have engaged in the design and implementation of variants of these projects,
it becomes more important to examine the results that have been obtained, and share the
knowledge that accumulates around.

One of the key issues is understanding the role of teachers and of the curricula in this type of
programs. The profound transformations that new technologies are generating in all areas of
society, including the knowledge about our brain and its specific learning processes, call for a
deep revision of our educational systems. The twenty-first century demands creative and
collaborative citizens capable of contributing to solve local and global problems and provide new
and inspiring ideas. How to create the adequate conditions to foster these conditions is a
challenge, and our experience suggests that Constructionism does provide a valuable alternative.

The initiation of an idea

[0 An idea surges: to bring computers to students at public schools
(1 The educational model: PBL and programming using Logo as the core language and

learning tool
[J The organizational model: a Foundation

(1 Project’s launch in 1988: first steps in implementation, 57 elementary schools, two

lessons a weak, a tutor in each computer Lab
[0 The governance model: Board of Directors with the Minister of Public Education as Board's

President

In 1987, a group of academics and entrepreneurs were called by the recently elected President
to shape a project to provide computers to schools in Costa Rica. This was quite a visionary and
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courageous idea if we consider the fact that computers were at that time a luxury item that was
difficult to see even in the most advanced companies in the country and when initiatives to make
computers available at schools were rare, especially in developing countries.

This early decision to invest in digital technologies and enrich children’s learning opportunities
has to be pondered against the background of the country’s historical determination of making
education a pillar of its development strategy since the declaration in the country’s 1847
Constitution —well ahead to more developed countries in the region — that education ought to be
universal, free and state-financed.

The founding group started by asking some fundamental questions: Computers in school, for
what? How to do it? 29 years later the ideas that inspired their answers to those questions are still
sound and valid, if not more. One of the founding group’s key insights was that the introduction of
technologies in schools should lay the foundation to prepare for the country’s transition into a
modern economy by providing its citizens with the creativity, flexibility and intellectual skills needed
for this shift. Technologies were also seen as a powerful tool for innovation and regeneration of
the national educational system, at that time considered to be in a deep crisis. To these
motivations, we must also add the concern to close the emerging technological gap, not only in
its international manifestations, i.e., between developing countries and industrialized countries,
but also in its national manifestations, i.e., between the different sectors of the country and among
generations (Fonseca, 1991).

So, from its beginnings the initiative showed a broad understanding of what the purposes of
technology in education could be, expressed in the following four domains (Fallas & Zufiiga, 2010):

[0 Inthe individual domain: to develop students’ creativity and intelligence.
] In the educational domain: to make a contribution to improving the quality of the

education system and foster its technological modernization.
[J In the social domain: to strengthen social cohesion inside the country and so

reduce existing socioeconomic, geographical, technological and educational gaps.
[10In the economic domain: to help achieve a wider incorporation of people into

the national economy and the international dynamics.

From the onset, it was clear that a solid theoretical and pedagogical basis should guide the
design of the project and that it ought to be focused on the use of computers as tools to
develop high-level thinking skills and on training teachers in the methodology to be used
rather than on the computer hardware and software. This understanding was a key
factor to select the pedagogical proposal of Seymour Papert, whose influence in the
design and initial implementation of the project was strategic.

So, the decision was made to start introducing computers at the elementary school level
--contrary to most initiatives of that time that worked at the secondary level-- and to create
a place for children to build their knowledge through exploration and ludic activities, as
Papert proposed. Logo was the ideal tool for that purpose, as it created what Papert called
the conditions or micro worlds for students to root intellectual models. In fact, Logo
delivered both a powerful instrument and a learning proposal for promoting mental
processes and for solving problems, as Papert noted. So programming at elementary
schools with Logo, and a project-based learning approach constituted the core of the soon
to be launched project.

The project’'s continuous focus on children’s use of programming to develop their
creativity and thinking skills has distinguished it from other projects in the region, and it
proves to be still in force as more and more countries are launching initiatives to
introduce these types of learning opportunities in their curricula.
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Concerning the need to answer the how of the project in terms of its organizational
structure and dimensions, it was clear to the founding group that the model should be able
to overcome bureaucratic obstacles and political cycles. Thus, a non-for-profit foundation
was established, the Omar Dengo Foundation (FOD), to take on the development and
implementation of the program in partnership with the Ministry of Public Education (MEP).
In order to guarantee the link between the two organizations, the Minister of Education
was initially appointed head of FOD’s Board of Directors. This public-private arrangement
provided a good combination that included the needed efficiency and relevance
conditions.

In 1988, the Project began establishing Educational Informatics Laboratory (name the
computer labs received) in 57 elementary schools. Two lessons a week (90 minutes) were
devoted for students to work at these computer labs, and a tutor for each lab was appointed
among the schools’ teachers. At that time, FOD assumed all the implementation
components of the project: financial resources, training of teachers, selection and
purchasing of computers, hardware and software installation and configuration processes.
Schools and their local communities were required to facilitate and provide conditions for
setting up a classroom to house the school’s computer laboratory.

And thus gently but firmly, the project became a reality.

First 10 years: growth, sustainability and diversification

= The educational proposal

= Multigrade, one teacher school: an important variation
» The tutors

= The funding

After the initial launching to the project at schools, it became evident that the educational proposal
was difficult to implement, although the initial enthusiasm of students, teachers and principals
to the novelty of the proposal counterbalanced the difficulties. The educational proposal began to
be enriched complementing the original concept through the introduction of robotics, telematics
and others. Extracurricular clubs were created in some cases to facilitate the incorporation of these
new options, where students would voluntarily participate in a non-formal complementary learning
opportunity.

Eventually, new teaching and learning scenarios emerged, especially the so called Multigrade
schools. These are very small rural schools, with a total of less than 30 students, usually headed
by one teacher in charge of all grades (from 1st to 6th).

However, to facilitate the growth and sustainability of the Project, other things were needed in
addition to a solid pedagogical approach. FOD then built an articulated and efficient program
architecture around the following main pillars:

[J A continuous training, support and follow-up system for teachers: The system
comprised the provision of an initial training program for incoming teachers, annual
mandatory training workshops and continuous pedagogical face-to-face support
from a team of advisors who visited the schools with regularity. A specialized
computer-lab teacher position was lobbied and eventually created by the MEP; and
education departments of the main public universities, designed and began offering
the new training programs, initially with the guideline and support from ODF.

[ A sustainable and constant financing source: After ten years of launching, the
program managed to growth and be available in 181 public elementary schools
benefiting 148,000 students nationwide. In 1988, due to the Program’s efficient
performance, the Costa Rican government decided to strengthen its investment
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in it, and in order to provide appropriate financial support, the MEP would
annually transfer resources to it from the national budget. ODF continued bringing
into the project funding to incubate new ideas, to support research and evaluation,
etc. but from this moment on the main funding has come from the MEP.

[0 Logistic, administrative and technical services were designed: evolving from

a small contained initial effort, to a large scalable initiative.
[0 A research, monitoring and evaluation process to provide feedback to the

educational component of the program and to contribute to its enrichment and
advancement.

The second decade: a national program

[1 2002: Secondary schools are incorporated
[1 2007: Educational Informatics goes to Technical High Schools
[1 The renovation of the didactic proposal

By the year 2002, the Ministry of Public Education and the Country’s Superior Council of Education
decided to transfer to the Omar Dengo Foundation the effort that MEP had initially implemented
to bring computers into the secondary-level schools. This decision was based on an evaluation
that showed evidence of limited results of the MEP’s project at secondary-level schools and on
the need to have a more articulated national effort to undertake educational informatics initiatives
in the public school system. So a National Program of Educational Informatics was created as an
integrated initiative from grades K through 9.

In 2007 a complementary educational proposal emerged for the final years of the educational
system, that is, grades 10 to 12, in technical high schools, with the specific aim to develop
entrepreneurship skills in students using digital technologies and virtual environments to simulate
real world experiences.

In 2008, ODF started a review process with the intent to generate a more precise, coherent and
integrated educational proposal for all levels, with appropriate scaffolding to guide the teachers’
work in the Computer Labs. The goal was to clearly define the minimum learning outcomes
expected to occur at each level, and based on that, provide didactic guidelines to the El Lab
teachers as references and support. The initial training of teachers by the universities was not
providing the required profiles, and the needed changes were difficult to promote, given important
structural limitations such as the minimum requirements faced by students wishing to follow a career
in Education, and the usually low demanding training being offered to them. In addition to this
limited initial training in a notable proportion of teachers, the years had also allowed a better
understanding of the scaffolding needed by teachers, in general, to implement an ambitious and
demanding proposal as PRONIE’s, and to be able to lead their students along the path to deep
and effective learning.

By the end of this period (2009), 974 schools and 453.826 students were participating in the
Program.

The last five years: evolution and permanency

Mobility to support the curricula

The equity perspective

An enriched and integrated educational proposal
Professional development and eLearning

The evolution of the Program in the last five years has been marked
by:
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1 Irruption of mobile digital technologies, the broader possibilities to use them in

regular classrooms and the widely available practical knowledge on how to use them
to promote the new pedagogies needed in the 21st century.
[J Increasing international calls to have every child learning how to program and

develop their own software, what has been recently named as computational
thinking (Wing, 2006, 2010; Grover and Pea, 2013), and that Papert usually would
refer to as computational or computer culture (1976, 1980, 1996, 1999).

1 Development of applications and knowledge based on digital learning platforms and

their potential to enhance learning opportunities both for students and for teachers.

Let us see next how the program has responded to these new possibilities and demands:

1. In the last five years, the Program has made significant efforts to promote the use of digital
technologies in regular classrooms and not only in computer labs, thus aiming to enrich content
learning in key subject areas and develop the strategic skills that students need today. At this
moment, students and their teachers in over 1000 primary and secondary schools have been
provided with laptops to be used in their classrooms —and outside of them-, and FOD’s goal is to
reach by 2017-18 all the country’s schools not yet in the program.

Two main pedagogical schemes have been explored: (a) one-to-one laptop programs, aimed at
facilitating ubiquitous access to technology to primary and secondary students in rural areas, thus
allowing students in such areas to experience the potential of the computer as a personal tool for
learning, production and creation; and (b) laptop cart programs, installed at both primary and
secondary schools, with a focus in reinforcing research, reasoning and creative skills in curriculum
subjects such as language, mathematics and science. These approaches have been designed to
promote equity in a society like the Costa Rican, which has been easily and rapidly adopting new
technologies, with a majority of homes nowadays having a computer and internet access.

One-to-one laptop programs have thus been intended for those rural schools where the digital
gap is deeper. The pedagogical vision behind these initiatives is to take seize of the potential of
technology to amplify and deepen our students’ capacity to build knowledge individually and
collectively and to apply it. The vision also seeks making classroom learning more personally
meaningful, dynamic and attractive for students. The Program sees digital technologies as
powerful tools serving the kind of learning most needed for today’s and tomorrow’s world:
ubiquitous, connected and self-managed learning.

2. As a second complementary educational strand, the program has also been working in the
consolidation of its educational proposal for the computer-lab educational informatics lessons by
enriching and deepening it with new conceptual approaches and experiences that have evolved
from the constructionist framework. The program is visualizing an enriched computer-lab
proposal, no longer constricted to a physical facility (the computer lab) seeking to benefit all
students in the country. Drawing on its long experience in teaching programming and the use of
technologies to promote students’ high-order capacities, the program is now looking into new and
exciting perspectives such as physical computing, while strengthening its learning approach to
problem solving, computational concepts and computational practices.

3. As a third educational strand, the program has been designing and producing a new learning
extracurricular proposal for students to expand their learning possibilities according to their
individual interests and talents and reinforce their self-learning capacities. Most of these new
learning opportunities are delivered on-line, through a digital learning platform.

These three strands are unified under an integrated model, a well-defined strategy to use
technologies as thinking tools, to stimulate the development of specific student’s capabilities and
competencies that are highly valued in the modern society.
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The configuration of this educational offer has required the design of a new model of professional
development for teachers which relays more in virtual platforms, and it is more strategically
oriented to accompany teachers progressive evolution towards higher levels of ownership and
innovation (see www.upe.ac.cr).

Conclusions and perspectives

[1 Relevant results
[1 The public- private partnership: its strengths and weaknesses
[1 Lessons learned and the challenges ahead

Throughout the years, the program has continually monitored and evaluated its educational
proposals although a large-scale evaluation of students learning outcomes has been hard to
organize — among other reasons, due to the difficulty of having access or developing the
appropriate assessment instruments capable of measuring the kind of dispositions and deep
thinking skills that were aimed at.

However, increased efforts have been recently directed to measure the Program’s outcomes in terms
of the student’s abilities (the individual domain). Last year, close to 10,000 students

that had just finished elementary school (6" grade) were incorporated in a study to evaluate their
learning levels, based on the program’s didactic guidelines and its learning outcomes framework.
The evaluation results show a statistically significant and positive accumulative effect in students
participating during several years in the program, improving their performance in dimensions such
as problem solving.

With regard to the other dimensions where effects of the Program were also expected (in the
economic, the social and the educational domain), the results are varied. In the economic domain,
the program’s impact on the national productive structure and economy has been regarded to be
clearly positive. Though hard to be rigorously assessed, the fact of having a whole new generation
of children who got familiarized with technology much sooner than children from other Latin
American countries, who learnt programming at an early age and had the experience of being in
control of the machine and not in a position of receiving orders from it, is commonly recognized in
the country as one of the key factors explaining the exponential surge of its high technology
industry sector.

Other very visible impact of the program has been its contribution to reducing the digital gap inside
the country. The slowly increasing technology access rate, especially in rural areas, has been
compensated by the possibility for many children and young people of having access to
technology in the school — and, furthermore, accessing it in the context of learning experiences
designed to foster their creativity and thinking.

On the contrary, the renovation of the school system has proven to be a difficult goal to achieve.
To begin with, it was perhaps a too optimistic goal to pursue. Notwithstanding the powerful
message broadcasted from the educational informatics Lab, a synergistic and multidimensional
plan is needed to cause the system to change.

The public-private partnership established with the Ministry of Public Education from the
beginning, has proven to provide strengths and weaknesses, with an overall positive balance.
Among the positive elements, evidently, is the sustainability of the program, with

29 years of continued work, and its articulation with the country’s education policy.
Notwithstanding several political administrations that have taken office during almost three
decades, the program has grown constantly in terms of coverage, and its educational proposals
have evolved dynamically, in respond to lessons learned, accumulated experience, and new and
inspiring technical possibilities that had arisen.

83



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

Nevertheless, the political cycle has proven to be a challenging process, with new authorities
coming every four years, and an intense transitional route that needs to be taken of every time.
This includes explaining the program, its objectives and results, mutually understanding the role
of each partner, synchronizing the program with the political priorities of each administration, and
yet maintaining the fidelity of the program’s objectives and its epistemological framework which
are critical elements of that process.

The economic limitations of the country have resulted in a slower progress of the program through
time than most of us would have liked, and 100% coverage is still a goal to reach,

which would be hopefully accomplished very soon. In addition, new requirements have emerged,
such as access to broad band and good quality internet services, which in Costa Rica are under
the responsibility of MEP and the Ministry of Science, Technology and Telecommunications.

Improving the training of teachers --both initial and continuous training--, is probably the most
determining factor in any educational proposal, and certainly it is crucial in our program. The
complementary efforts that FOD has developed in this field are important, but they do not substitute
a sound training process along the four or five years of formal university education. On the other
hand, we need to better understand how to use new technologies to support teachers training
process. FOD’s new proposal is aimed at reaching this goal.
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Abstract

This contribution presents a junior high school workshop on designing physical interfaces with
Scratch, the PicoBoard and Sensors. At the beginning the students worked on given starter
projects including a car race simulation and a simple version of the game “Pong” using step-by-
step instructions. These first projects did not involve the PicoBoard. Sprites were controlled with
keys. But it was rather obvious that the keyboard could be replaced by external sensors. In the
next phase the students got a PicoBoard and tried out different types of external sensors, including
force-sensors, flex-sensors and prototype switches made of everyday material like paper, plastic
bottles, wire, sticky tape and aluminium foil. Having gained some experience with this technology,
the students were now supposed to develop their own Scratch project, which could be (but did not
need to be) inspired by one of the five given starter projects. The only condition was that the
PicoBoard had to be involved. Among the student’s projects were a lunar landing simulation with
a self-made tilt sensor (made of a plastic bottle) and a foot switch and several versions of the
classic computer game “Pong” using external switches and audio feedback. Before starting the
development, the students (n = 17) answered a questionnaire on personal motives and general
design decisions. Why did they pick a certain project? Which aspects raised their curiosity?
According to this survey, the most interesting aspect of sensor technology is the possibility to make
a simulation project more realistic. The average rating of this design goal on a scale from 0
(uninteresting) to 3 (very interesting) was 2.12). The design goal “Make a digital application
accessible to handicapped persons” got lower scores (average: 1.76) but was still quite relevant.
In the context of this workshop, sensor technology did not seem to be a primary motive for
programming. Students tended to develop a Scratch project, because they had specific ideas
about desired functionality and not because they wanted to work with certain sensors.

Figure 1: A “Lunar Lander” game with a tilt sensor made of a plastic bottle.

Keywords
Scratch, PicoBoard, physical computing, sensor
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Cyborgs and Digital Prostheses

A cyborg (acronym for cybernetic organism) is a being with both organic and artificial parts. In
1960 Manfred E. Clynes and Nathan S. Kline introduced the term for human beings with
incorporated devices which make them suitable to survive under special conditions like long space
missions. “The Cyborg deliberately incorporates exogenous components extending the self-
regulatory control function of the organism in order to adapt it to new environments.” The German
science journalist Ranga Yogeshwar suggests that we are all on the way to become “machine-
men” (WDR, 2014) and he sees Nomophobia as an indicator for this. Modern mobile devices are
explicitly designed to be extensions of individual’s minds. The software running on a smartphone
is personalized. It learns and remembers individual preferences and it adapts automatically to
location, time and movements.

Digital technology can replace missing body functions to some extent. Consider the famous
physicist Steven Hawking suffering from amyotrophic lateral sclerosis (ALS) that has gradually
paralysed him. Having lost his speech completely in 1985 he started to use a computer for
communication in the year 1986. Using one hand and since 2005 his cheek muscles, Steven
Hawking manipulates an input device that enables him to select or to spell words. In this case the
technical challenge is to create a special input device using force sensors or special switches.
Data from force sensors are also used for microprocessor controlled prosthetics like the “C-leg”
(Carroll & Edelstein 2006).

There are 39 million blind people on the planet (World Health Organisation, 2012). One approach
of vision sensory substitution is to represent images by sound. For example, EyeMusic adopts a
sweep-line technique where each image is processed column-by-column from left to right
constructing a “soundscape”. It uses Instruments for different colors (for example strings for yellow
and brass for blue) and a pentatonic music scale to make the soundscape a music-like pleasant
experience (Abboud et al. 2014). Among the blind community general vision-to-audio sensory
substitution is not much used regarding the general perception of images. But when it comes to
more specific problems there exist usable digital tools. For instance, there is digital support for
clothing matching for blind people (Tian & Yuan 2010). This illustrates that there is much room for
creativity in the field of medical computer science which makes it an inspiring context for classroom
projects (Strecker, 2013).

Workshop on Designing Special User Interfaces with Scratch

In this section | am going to describe a workshop, in which students (grade 10) develop a Scratch
application with a special user interface using the PicoBoard and external sensors. The basic idea
is to combine the fun of creating colourful games with the more serious intention to better the
quality of life. The workshop consists of five parts.

1. Introduction. The students watch sequences from a movie about cyborgs and the usage of
sensors and computers in medical technology for creating prostheses (WDR, 2014). The general
idea of the workshop is presented: The students are supposed to develop their own Scratch with
some kind of self-made physical interface.

2. Starter projects. The students study a collection of five starter projects. They are supposed to
implement a car race simulation and then may implement as many further projects as they want.
For each of the starter projects there is a small manual (two pages) with step-by-step instructions
and explanations. In order to reduce the complexity, these projects do not involve the Picoboard.
Sprites are controlled with keys. But they all have the obvious potential to be extended using
external sensors instead of the keyboard.

3. Trying out sensors. After a short introduction, all students get a PicoBoard and get the
opportunity to try out different types of external sensors:

= Aforce sensor (force sensitive resistor), that changes its resistance when force is applied on
it.
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= A flex-sensor, which changes its resistance when it is bent.
= A prototype tilt sensor consisting of a plastic bottle partly filled with water and four needles.
= A prototype switch made of paper and aluminium foil.

4. Reflection. The students answer a questionnaire and reflect experience, personal motives,
general design decisions etc. Then they decide which project they would like to develop and write
a description of their project idea.

5. Development. Individual students or teams of two students develop their project. If they want
they can present it to the public at the open-door day.

Starter Projects

The students are asked to implement at least one starter project. The first project (“Formula One”)
is a simple simulation of a car race. All students start with the same project to make helping each
other easier and to keep the start smooth. In contrast to the remix-idea of Scratch, the starter
projects are not imported from the scratch repository. The students implement them from scratch
using a manual. The manual of the first project is more elaborated than the others and it covers
relevant details of the Scratch user interface. After that the participants choose further projects
from a small selection at will.

Project 1: Formula One

The first project (“Formula One”) is a simple simulation of a car race. The user steers a car with
the arrow keys. It has to stay on the grey track. When it leaves the road and touches the green, it
stops.

This project adopts basic programming concepts, like loops, conditions and output via speech
bubbles, but no variables. Relevant mathematical and physical concepts are Cartesian
coordinates, angles, movement and speed. Although the scripts are short and simple, they are not
trivial for students in grade 10.

when diicked when right arrow  key pressed
point in direction CTd turn (X €B) degrees

go to x:a‘v:

move G steps

=i

when left arrow  key pressed
turn r}mdegﬂuﬁ

-

Figure 2: “Formula One” — Controlling a car with constant speed.

Project 2: Lunar Lander

In this classic of computer simulations, the user has to land a rocket on the moon with a limited
amount of fuel. The space ship approaches the surface attracted by gravity. The pilot can switch
on the thrust by hitting the space key. The space ship decelerates and fuel is consumed. In this
project variables are introduced. This project introduces variables and moving a sprite by changing
the y-coordinate of the position. Relevant physical concepts are speed and acceleration.

Project 3: Pong

Pong is one of the first computer games. It was published 1972 by Atari. In this project a simple
version for one player is implemented. Specific programming concepts are bouncing, random
numbers, changing the direction of motion.
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Project 4: Talking Machine

This is a non-game application taking care of the communication problem of Steven Hawking. The
prototype has just one sprite, depicting a hand, which can be moved with the up-arrow key and
the right-arrow key. On the backdrop of the stage there are different words in different colours.
When the hand touches a word, the application says the word (audio) und the hand jumps back
to its starting position in the lower left corner. This project introduces recording and playing sound.

Project 5: Sprinter

The Scratch cat runs from start to goal. The user drives the cat by hitting two keys (say A and B)
alternately. When the user hits key A, the cat moves 10 steps. Then the key is locked. When the
user hits it again, nothing happens. She or he has to hit key B next. Then the cat moves another
10 steps, key B is locked and key A can be used again, and so on. When the cat reaches the goal,
it says the time that has been needed for the sprint like “You needed 5 seconds.” For locking and
unlocking key a variable check is used. The students are encouraged to follow the instructions in
the manuals (instead of getting explained everything by the teacher) but they are also encouraged
to experiment, to try changes, implement their own ideas and to create their individual versions.
An important feature of each starter project is that it not just represents a project idea but also
explains some programming technique. If different teams implement different starter projects
introducing different programming techniques they can share expertise and the class as a whole
quickly gets a high level of competence.

Manuals

The students implement projects from scratch using given manuals. A manual includes step-by-
step instructions with images and little text. They may contain the complete code or a “code
puzzle”.

think ETIE for € secs

switch costume to Explosion

[ie J ot @ === |

Figure 3. Screenshot from Lunar Lander and code puzzle.

A code puzzle consists of code fragments, which have to be put together properly. The image
depicts an easy code puzzle for the Lunar Lander project. The first script controls the movement
of the landing rocket. The second script takes care of changing the speed. The difficulty of a puzzle
can easily be adjusted by the amount of coherent code that is already given. In this example, all
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the students have to do is add the blocks at the right hand side to the first script and add
appropriate numbers in the second.

Extending the Starter Projects — Designing User Interfaces for
Special Needs

The Starter projects do not require the PicoBoard. All input is done via the keyboard. The students
were asked to pick a project idea and develop an application for a person with a special need. The
students had to take care of input, output and computational extensions. For the input they should
use the Picoboard. Regarding the output they had to add sound features to make visual
information perceivable to those who cannot use their eyes for some reason. Computational
extensions are often necessary to make the application “smarter” and easier to use. In this section
I will sketch some ways how to adapt the software.

Output

Extension 1: To make a game suitable for a blind player, relevant visual information must be
represented in a non-visual way, for example by sound. There are many ways do this. Numbers
can be represented by pitch, volume or the time between two sound signals (“Radar signals”).
Figure 4 depicts a solution for the “Lunar Lander”. These two scripts can just be added to the
already existing scripts of the rocket-sprite. The left hand script produces “Radar signals” like “ding
...dong ....ding...dong”. The time between “ding” and “dong” corresponds to the height of the
rocket. The remaining amount of fuel is told through speech that has been recorded before (right
hand script). For example, when the content of variable fuel goes beyond 30 the system plays a
message like “Attention, you have less than 30 units fuel.”

play nnte@fnr iy boeats

play sound Fuel 20
¥ position of Spaceship el 170 f -

play nnte@fnr iy beats

play sound Fuel 20

e

play sound Fuel 10

play sound Attention

Figure 4. Two additional sound producing scripts

The car of the starter project “Formula One” gets “sensors” (in figure 5 two dots of different colours
in front of the car) that trigger a sound, when the car is too close to the right edge and a different
sound, when it is too close to the left edge. This way the car can be steered by a blind person.
The PicoBoard is not required, since it is just an input device.
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Figure 5. A car with “sensors” triggering sounds, when it gets too close to an edge of the road.

Input

The car of the starter project “Formula One” can be steered with an external sensor. This could
be a steering wheel with a potentiometer, one or two force sensors, which are connected to the
resistance inputs of the PicoBoard. Using a flexible force sensing resistor the car can be steered
with a single finger. A tilt-sensor can easily be built from a plastic bottle and four needles: Press
needles through the plastic into the bottle. At each end a pair of needles. Connect the needles
pair wise with resistance inputs a and b. Put water into the bottle. When the bottle is tilt, one pair
of needles gets galvanic connected by the water. When you put this device on your back, you can
steer the car by bending your body to left and right. In each project the input can be designed in
a way that a video game becomes a physical exercise. In case of the project “Sprinter” the two
keys that have to be hit one after another can be replaced by self-made switches or force-sensitive
resistors, which are connected to the resistance inputs of the PicoBoard. The two switches can be
placed a few meters away from each other, which will cause quite some effort to use them. For
this type of user interface a command like “when a-key is pressed” is simply replaced by “when
resistance-A < 50”. Another approach is to use the exact sensor value. For example, the speed
of the moving cat in the “Sprinter’-project can be set using the light sensor. The user operates a
dynamo lamp as hard as possible and shines light on the PicoBoard. In this way the cat’s speed
is determined by the power the user invests in operating the dynamo lamp.

Computation

Using sensors instead of direct vision to drive a car is difficult and dangerous. If the goal is to
enable blind persons to drive a car, it would more realistic to adopt autonomous driving. The car
finds its way along the road automatically (using sensors). The driver can start and stop and
choose the direction where to go. For example, when the blind user turns to the right the car
follows the road and turns to the right at the next junction.

Motives for Project Development and Design Goals

In the evaluation phase, just before the students had to decide, which project they wanted to
develop for the open-door day, they were asked to reflect their programming experience and
motives for further development. 17 students rated the following general goals on a scale from 0
(completely uninteresting) to 3 (very interesting).

= Make a simulation project more realistic. For example a car simulation is more realistic, when
the car on the screen is controlled by a stirring wheel and pedals with force sensors.

= Support physical training. Using a tilt sensor made of a plastic bottle and needle pins, a car
on the screen can be steered by bending the body. A virtual bicycle could be ridden by hitting
two switches on the floor alternating with the left and right foot. It requires real physical effort
to make the bicycle move on screen.

= Improve the richness of a fantasy activity and make it more attractive. Digital applications
may be more fun, when unusual input tools are involved. This might also imply sounds and
visual effects.

= Make a digital application accessible to handicapped persons. For instance, make it usable
for blind persons or persons, who cannot use their hands.
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General goal Avg. score
Make a simulation more realistic 2.12
Make a project supporting physical exercise 1,94
Make the user interface richer, add sound 1.88
Make a project usable for handicapped persons 1.76

Table 1. Interest in goals of development (3 = very interesting, 0 = completely uninteresting, n = 17)

The design goal "making a simulation more realistic” got the highest scores. However, the idea to
help handicapped persons was quite well accepted too. Another section of the questionnaire
covered more specific design goals related to the starter projects. Since everybody had made the
driving simulation, most questions were related to this. It turned out that projects which required
audio representations for blind people got a rather low score.

Specific goal Avg. score
Driving simulation: Autonomous driving, car stays on the road. 2.53
Pong for more than one player and scoring 2.53
Driving simulation: Different levels of difficulty 2.25
Driving simulation: Steering wheel and accelerator 2.18
A car race as a physical exercise 2.18
Driving simulation: "Sensors" indicate low distance to the border by

sounds 1.88
Driving simulation: Steering by body movements 1.53
Lunar lander for blind persons. 1.53
Pong for blind persons 1.19

Table 2: Interest in specific goals of development
(3 = very interesting, 0 = completely uninteresting, n = 17)

No. | choose a certain project, because... Avg. level of
agreement

1 .. | already have a great idea for it. 2.71
2 .. it gives me the opportunity to learn something new. 2.13
3 . | can use things | already know for it 2.12
4 .. I think it is something useful. 2.06
5 .. itis not too difficult and | can certainly finish it. 1.94
6 .. | can use a certain sensor. 1.53
7 .. I can finish it most quickly. 1.24

Table 3. Level of agreement to statements about personal motives for project choice
(3 =1 do completely agree, 0 = | do completely not agree, n = 17)

Finally, the students answered questions about personal motives that have influenced their choice

of project. The results in table 3 show that the students want to implement their own ideas and
use the knowledge they already have. But they also want to learn. “Usefulness” gets only medium
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score and the specific sensors seem to have not too much influence on the decision which project
to choose. Although the intention of the workshop was to inspire students to develop special
interfaces for handicapped persons, the participants did not put too much effort on this design
goal. A student working on a version of “Pong” with audio feedback indicating the position of the
ball said to me that he had serious doubts that a blind person would like to play his game. This
statement points to a problem of this workshop. Developing digital devices for persons with special
needs remains a “sand box game”, when there is no collaborating with real persons who could try
out and use these artefacts.

Conclusions

With Scratch plus the PicoBoard and external sensors students can create a big variety of digital
artefacts. Projects become more serious. “Toy projects” that are easy enough to be implemented
by beginners can model digital technology that is highly relevant in present and future life. In this
context the sensors as such do not seem to be very inspiring. The starter projects can be
implemented with the keyboard instead of external devices, which have to be built first. This seems
to be enough for many students. The use of external sensors is an additional troublesome difficulty
they have to cope with. Sensors cause poorer performance of the Scratch scripts, which makes it
necessary to tune and optimize scripts.

However the mere possibility that the input could be customized using external sensors might
increase the value and seriousness of a project. While constructing devices and trying out the
classmates’ products, students think about human aspects of digital technology. Topics like digital
prostheses, cyborgs, autonomous driving, inclusion through technology, can be discovered in a
constructionist way.
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Abstract

Principle- based reasoning refers to a problem solving strategy that is based on principles.
Literature on principle-based reasoning suggests that it is more employed by experts than novices
and that it provides a means for advancing one’s designs. However, effectively leveraging
principle- based reasoning has historically been challenging. Nonetheless, we argue that
constructionist learning, especially in the specific context of engineering design, can be a fertile
space for promoting principle-based reasoning and object closeness, even among novices. In this
paper, we propose a new model to advocate engineering expertise in novice students by
encouraging them to engage principles. Our report includes results from two studies both with
novice students: One study (N=22) was implemented in a classroom with first grade students. The
second study (N=20) was conducted with high school and undergraduate students. Across these
two studies we used a very similar model for engaging students in the opportunity to leverage
engineering principles in approaching open- ended engineering design tasks. Two particular
interests of this study were to: 1. Examine ways to effectively evoke principle-based reasoning
from novices, 2. Examine if the principle- based reasoning strategy has utility among novice
students. Results show that the model employed enabled novice students to demonstrate expert-
like practices; novice engineers, first grade as well as high school students, can effectively make
use of principle-based reasoning.

Figure 1. Designing the foundation of the structure with principle-based-reasoning strategy

Keywords

Principle-based-reasoning; engineering curriculum; expert and novice; engineering design
cognition
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Introduction

With the Next Generation Science Standards (NGSS) comes a renewed interest in promoting
engineering education among K-12 students. According to NGSS the performance expectations
for both students and teachers regarding engineering practice are high. Nevertheless, the
standards provide very little in the way of practical level knowledge about how to support students
learning in STEM. In this study we attempted to examine engineering expertise in a classroom
setting. More specifically, we introduced a new model to advocate engineering expertise in novice
students by encouraging them to engage in engineering principle-based reasoning. Principle-
based reasoning is a strategy used in the process of solving new problems based on principles.
When using principle- based reasoning, students start with engineering principles and work their
way down to their solution. The use of principle-based reasoning is often associated with high
levels of expertise (Anderson & Greeno, 1981; Chi et al., 1982; Moss et al, 2006). Moss et al
(2006) is a prime example of such findings. Moss and colleagues compared freshman and senior
undergraduate students and noted that when faced with an engineering design task, the seniors
used a more principle-based approach for recalling the design. The authors inferred that the
seniors were able to draw from principles that were not yet salient to the younger students. Other
work would also lead one to the same conclusion that principle-based reasoning is more closely
associated with experts than with novices (Chi et al., 1982; VanLehn, 1996). However, one should
not necessarily interpret principle- based reasoning as being a privileging of the abstract. On the
contrary, one way for considering principle-based reasoning is as an example of students getting
“closer” to the objects being created (Turkle & Papert 1992). In essence this means having
students more deeply connect with how the object moves and behaves. This can be seen as a
contrast to establishing a surface level (Chi & VanLehn, 2012) connection with a given object.
Even so, principle-based reasoning can be quite challenging. For one, if students aren’t experts
in a given domain, they can’t be expected to properly understand the relevant domain knowledge,
nor how that knowledge relates to the other pieces of information from that discipline (Nokes,
Schunn, & Chi, 2010). Similarly, work by Hammer (2004b) and Wilson et al. (2006) both find that
students have difficulty using causal, or mechanistic, reasoning in the domains of biology and
physics. Specifically, Hammer (2004b) shows many instances where students’ causal reasoning
quickly deteriorates, and where students fall into the trap of relying on formulas, instead of building
on and considering the principles associated with those formulas. Another common challenge
within principle-based reasoning is that students sometimes dwell on the wrong details for a given
problem (Chue & Lee 2013). If this is the case, even if students start to think like an expert, their
efforts will be in vain. Given the assorted complications that exist for effectively promoting
principle- based reasoning, this paper proposes a new model to encourage principle- based
reasoning in an engineering design context. Our report includes results from two studies both with
novice students: One study (N=22) was implemented in a classroom with first grade students. The
second study ( N= 20) was conducted in a classroom with high school students and
undergraduates. Two particular interests of this study were to: 1. Examine ways to effectively
evoke principle- based reasoning from novices, 2. Examine if the principle- based reasoning
strategy has utility among novice students.

Methods

Participants and settings

Study 1: This study includes 22 first grade students. It lasted for a total of 5 lessons in a science
class. The class took place at a K-8 school, which serves the residents of one unified school
district in the San Francisco Bay Area. Parents’ participation is an important part of the school
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philosophy. The flexibility of the curriculum, the child-centered environment together with the fact
that one of the authors of this paper is a parent at the school, enabled us to provide this set of
activities as part of the science curriculum.

Study 2: This study includes 20 high school students and early undergraduate students. The study
was conducted at a private research-one, West Coast University. The high school students were
participating in a two- month long intersession period, while the undergraduate students were
recruited to participate in the study as paid research participants.

Instructional sequence

Study 1: Students designed and built a model of a stable three-dimensional structure using
gumdrops and toothpicks. They scaled up the model and built a “small village” of geodesic dome
structures made from paper rods and finally from PVC (Polyvinyl chloride). To help facilitate the
learning experience, students completed the following tasks: 1) introduction to robust, yet familiar
structures, 2) designing a model, 3) scale up from model to real structure- preparation, 4) scale
up from model to real structure- design, and 5) design with different material.

Study 2: Dyads of students worked to complete an engineering design challenge. Students were
asked to build a structure that could support a 0.5 Ib. weight as high above a table as possible.
The students were given basic household materials: one paper plate, four straws, five wooden
sticks, and garden wire. To help facilitate the learning experience, students completed the
following tasks: 1) introduction to robust, yet familiar structures, 2) reflecting on principles, 3) idea
generation about engineering principles and mechanisms, 4) collaborative designing and building,
and 5) student reflection.

Data sources and analysis

Study 1: For the scope of this paper we focused on data collected a month after the activity was
over. We used the task as a transfer-task to determine if students were able to transfer insights
they learned to a new situation. Five students were given an individual task; they were asked to
design a cup holder that will hold a cup filled with hot chocolate above the table (no portion of the
cup was allowed to be in contact with the table). Students were given an endless supply of
toothpicks and gumdrops, they also had unlimited time to complete the activity. They were asked
to “make their thinking visible” by chatting and explaining while constructing. Video data was used
to record students comments and actions. Furthermore we videotaped an “expert” (a graduated
mechanical engineer from a university in California) performing the same task. The idea was to
reveal the engineer’s design process, and compare it with the novice engineers’ design process.
We refer to the expert design strategy as an ideal way to complete this type of assignment. Final
artifacts from both students and expert were collected as well. Findings were analyzed qualitatively
in two levels: 1. Design process-based analysis, 2. Final-artifacts analysis.

1. Design process-based analysis: The video recordings of the design process of both expert
and students were transcribed. We identified design activities explicitly showing similarities
between expert and novices’ strategy (for instance: planning, measuring, constructing, etc.).
Applicable engineering principles that novice students used when constructing the engineering
design challenge were listed.

2. Final artifacts analysis: In order to assess expert and students’ final artifacts we developed a
rubric. The initial version of the rubric was developed by open coding and further refined by
looking at the artifacts, which were assessed by two researchers. It is important to note that
the rubric was developed to evaluate the quality of the designed artifact. The rubric includes 4
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main categories. Each category ranked from O as the lowest (entire cup on the table, not stable
etc.) to 2 the highest. The highest grade an artifact could get was 8 (table 1).

Table 1: Artifacts’ assessment rubric

Category Score

1. Functionality #1. Cup above the table.
Examine if it is capable to do what it meant | Entire cup on table (0), a portion of the cup contacts with the table
to do: being above the table. (1), cup not touching the table (2).

2. Functionality #2. Cup is stable with chocolate milk.
Examine if it is capable to do what it meant | |mmediately falls (0), stays stable for at least 10 seconds (1), stays
to do: hold the weight of chocolate milk. stable for 1 min or more. (2).

3. | Originality and creativity. Not original (0), some ideas are new (1), creative; does not look like

Examines whether the model represents
original idea of a cup holder or does it look
similar to a traditional holder.

any cup holder (2).

4. | The use of engineer principles. Examine No principles used (0), one principle is shown (1), two or more
the consumption of engineer’s principles in

. : principles, are used (symmetry, use of triangles, the foundation are
the final artifact.

wider etc.) (2).

Study 2: Data for study 2 includes pre- and post-test measures along with a process-based artifact
analysis. The pre- and post-test measured the breadth of applicable engineering principles that
students consider when troubleshooting a structural engineering design challenge. The process-
based analysis of student artifacts followed the approach of Category 3 in study 1, in which we
closely examined how students incorporate engineering principles into the design of their
structures. However, we are expanding on the approach in Study 1, by chronicling the addition of
principle- inspired modifications to a given design. Making this determination was based on
gualitative coding of the current state of a student’s design any time they tested their design for
structural stability. The specific engineering principles that we looked for include (1) adding a
base, (2) adding reinforcement, (3) adding triangles, (4) making strong connections and (5) adding
symmetry.

Results

In this section we describe and discuss the findings. In both studies we demonstrate students’
approach to design following the interventions and emphasize on similarities between expert and
novice reasoning strategy.

Study 1: Following are two types of findings: 1. Students' principle-based reasoning throughout
the design process 2. Final artifacts and the similarities between expert and novices.

1. Results extracted from the expert’s design process show a strong propensity to design based
on principles. Interestingly novice students operated in a similar way and constructed their cup
holder based on principles. The following table (table 2) includes a few examples of students’
principle-based reasoning.
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Table 2: Novice principle-based reasoning examples

Principles Context and Citation Screenshot
example
Triangle is stronger than a C. started to design a square and | ;
square: adding triangles transformed it to a triangle. He explained
while moving the triangle to show me how
strong it is.

“f it’s a square its wobbly and if it’s a
triangle it is stronger”

Adding symmetry M. built another layer, on top of the
foundation to make it higher. In his words:
“the same in each side”. He wanted it to
be symmetrical and said that if it will not
be symmetrical it will not be stable. ‘It has
to be the same at each side...if it’s
different it is going to be a little less

stable...”.
Adding a base, and adding A. started with a triangle shape that turn
reinforcement: The base into a platform made out of diamonds. He
holds everything together. It | said that he is working on the base and
is the most important thing. that the foundation must be stable. “This

is the most important part of the whole
thing basically”, “It hold the whole thing
together”.

In summary, results imply that novice students, 6 years old, are going through similar
design process as an expert engineer while constructing a cup holder. Itis indicated that they can
use an akin design strategy as expert engineers and following these set of activities have a lot in
common with an expert engineer in constructing this specific assignment. 5 out of 5 students
showed a strong propensity to design based on principles. None of the students used material-
based reasoning or example-based reasoning. Students referred to principles that were used by
them while working in the class: adding triangle, using symmetrical shapes, wide base etc.

2. The final artifacts for five participants are shown in Table 3. Data implied that it is hard to
distinguish the expert from the novice designs. In order to characterize the final artifacts we graded
each product using the categories in the developed rubric (table 1). The final artifact ranks
illustrate, that there is no clear distinction between expert and novice (figure 3). “Designer A”, the
expert designer (in red), was ranked high in three out of four categories: in both functionality
categories (cup above the table, cup stability) he received a high grade. In addition he used more
than two engineering principles, which were shown in his final artifact (Symmetry and the use of
a wide foundation etc.). However, he did not receive any grade in originality of the product. His
model did not represent original idea of a cup holder and looks similar to a traditional holder. 3 out
of 5 students got high grade in functionality (both categories) and 2 out of 5 (C, D) got the highest
grade in the originality. It was interesting to see that all students were using the geodesic dome
principles as a reference to their final design.
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Cup above the table Cup is stable with Originality and The use of
water creativity principles

Table 3. Expert and students final artifact (designer A is the expert)
Designer B Designer C
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Figure 2. Final artifacts’ grades according to the rubric

Study 2: We paid particular attention to how students made principle-based modifications to their
designs. Table 4 walks the reader through the principles added to a given pairs’ design
over the course of the design challenge.

Table 4. Intermediate designs and description of principle-based modifications

o o Screenshot
Principles Context and Citation
example

Triangle is stronger than a The students begin using triangles, strong connections

square and symmetry.

Symmetry

Add reinforcement Students add reinforcement with a popsicle sticks and

re-add plate.

This pair of students used four principles across five design iterations (2 of which are pictured for
the reader). These modifications appear within the first and fourth step in their design process and
include the addition of triangles, symmetry, a strong base and reinforcement. Hence, these
students were able to take principles that they considered during the intervention task and
incorporate them into the hands-on activity that they completed.

As we consider the relative importance of principle-based additions more broadly, we examined
the relationships between student post-test scores and the rate that they made a principle-based
addition to their design. More specifically, the rate of principle-based additions is computed by
taking the total number of principle- based modifications, divided by the number of times the
students testing their structure. From the figure (figure 3), we see a strong correlation between the
rate of principle-based additions and student post-test scores. In particular, principle-based item
inclusion, significantly predicted a pair of students’ combined post-test score (f=0.21, t(4)=6.54,
p < 0.01). Principle-based item inclusion also explained a large portion of the variance in learning
scores (R?=0.93, F(1,3)=42.83, p<0.01).
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Discussion and Conclusions

Results from those two independent studies suggested that novice could effectively make use of
principle-based reasoning. In the first study, first grade students used principles both in the design
process and their final artifact. Principles were drawn from their class experience and were
strongly impacted by the geodesic dome they had previously constructed. In the second study, we
showed that high school students were able to effectively use principles, even without receiving
any formal instruction about those principles. Furthermore, we saw a clear correlation between
the ways that students incorporated principles into their design, and their scores on the post-test.
These two studies could be used to suggest that non-experts can effectively make use of certain
expert strategies. Despite the fact that expertise is typically defined as requiring both expert
knowledge and expert organization of that knowledge (e.g. Bedard & Chi, 1992 ) and even though
it is unreasonable to expect non- experts to behave like experts, it seems that the specific
instructional sequences, better prepared students to reason based on principles. The instructional
sequence, in both studies, was designed with common elements and was transferred to the
students in a similar order, it includes: 1. Concrete examples: which were familiar and relevant to
students (a house for the first grade students, and bridge, ladder for the high school students). 2.
Identification/ instantiation of principles: In the first study, students designed a model of a house
for a Lego man; while in the second study they made a sketch of the design using principles. 3.
Hands-on, designing and building in collaboration (design a scale up geodesic dome, design a
structure). We believe that the instructional sequence that was designed in both studies had similar
common elements, which were crucial to effectively making use of principle-based reasoning by
novice students. For example, we would argue that the hands-on experience, or physicality
component was one of those essential elements. By physicality, we mean the actual and active
design with concrete and common materials (Zacharia et al., 2012). This type of learning is
consistent with the concrete-to-abstract nature of cognitive development, it is also based on the
idea that cognitive processing of information coming from multiple modalities (i.e., a lecture,
drawings, and hands-on) forms a stronger representation for a learner than information coming
from only one of these modalities (Han & Black, 2011). Even though the students in these studies
did not have expert-level knowledge or a deep understanding of the scientific theories involved,
they were able to generate principles based on conceptual intuitions and by using everyday
language. We also think that, in the particular case of physical constructions and design, powerful
forms of expertise can be translated into elementary principles (such as using triangles, symmetry
etc.) that are easy to learn. We would also like to note that the proposed model was instituted over
a relatively short time frame. Hence supporting effective use of principle-based reasoning simply
requires the use of a three step instructional sequence that could be easily adapted and be tailored
to different populations of learners. Finally, perhaps because many of the students had not yet
been introduced to mathematical formulas, there was less of a propensity for them to fall back on
formulas.

In presenting the findings from the two studies reported in this paper, we have endeavored to
contribute to a body of literature that will help advance engineering education and human
cognition. Although principle-based scientific reasoning is an essential skill for scientific literacy, it
is rarely learned (Treagust et al. 2002, Wilson et al. 2006) and future research will be needed to
make it teachable.
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Abstract

In this paper we present a computational programming activity using R code (http://www.r-
project.org/) —see Fig. 1—, for exploring randomness and variability in statistics, as carried out by
two pairs of 2"%-year university environmental sciences students in Mexico. This activity is part of
a larger set of over 30 R-based constructionist and collaborative programming activities,
developed over the last 5 years, for the teaching and learning of experimental analysis and
statistics, which we presented at the 2014 Constructionism conference (see Mascaré, Sacristan
& Rufino, 2014), and that have so far been implemented in 13 university courses in three
institutions in Mexico and Portugal, with successful results.
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> median (chel)
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= abline(v=-estimate_mode(chel), col="blue")

> estimate_mode (chel) chel

[1] 32.14995

Figure 1. Using R to define a data vector ‘chel’ for the lengths of a sample of a hundred seahorses,
representing the data by generating a histogram and locating on the graph the mean, median and mode.

Through these activities, the students carried out explorations in R that helped develop meanings
for the concepts of randomness and variability, as well as introducing them to statistical functions,

tools and representations, in a “functional” way that they can eventually appropriate for their future
research activities.

Keywords

Statistics education, randomness, variability, programming, R code, constructionism,
case studies
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Introduction

As explained in Mascaré et al. (2014), our concern is that environmental scientists require
probability and statistical knowledge for experimental data analysis, decision-making, evidence to
support theory, and communication of scientific results, so it is important for future researchers to
have adequate understanding of these topics. However, learners in university programs in biology
and related sciences tend to have difficulties in understanding and/or applying the concepts, and
even researchers have a poor understanding and use incorrectly many statistics concepts
(Batanero, 2001). Many teaching programs have had unsuccessful results (Bishop & Talbot, 2001)
and there tends to be an aversion (including general ‘mathophobia’ — Papert, 1980) towards
learning statistics (Mascaro et al., 2014).

In order to overcome these difficulties, through an iterative design research (Cobb et al, 2003), we
developed a series of meaningful computer programming activities, using as framework the
constructionist philosophy (Papert & Harel, 1991), which suggests that learning can be facilitated
if students engage in exploring ideas and concepts through construction, e.g. programming. We
also incorporated the following recommendations drawn from research in statistical education:
(i) Contextualising concepts using concrete examples with data from real research situations;
(i) Emphasising the use of diagrams, since graphic representations are essential in data
organisation, statistical reasoning and analysis (Wild & Pfannkuch, 1999), and on changing from
one representational register to another. (iii) Shifting the role of students from passive to active,
with emphasis on reasoning, rather than an algorithmical application of statistical tests.

In our approach, as explained in Mascaro et al. (2014), all of our activities for teaching statistical
reasoning are to be carried out using the R programming language; and are even presented
through R-code “worksheets” with instructions, examples, programming tasks, questions for
reflection, and comments. We chose R, because itis a transparent and powerful expression “Logo-
like” language commonly used by statisticians, but simple to use (using a set of intuitive and
relatively simple commands): R uses a consistent syntax with inputs to functions written between
parentheses, in the common mathematical function style; it includes primitive functions and
libraries of pre-defined commands. New objects in R can be variables, arrays of numbers,
character strings, functions, or more general structures built from such components. Values can
be assigned to objects by using the ‘<-’ operator or, alternatively, the ‘=" operator. Using the R
console, one can directly run commands, or scripts (programs) created in an editor.

In accordance with the constructionist philosophy, we believe that the understanding of statistical
models is facilitated by creating objects in R, to represent them. Furthermore, students will develop
familiarity with R and its libraries. Thus, the benefits of using R programming are two-fold: 1.-
Through R-programming tasks, students can apply and explore statistical functions and concepts,
and develop meanings for them. 2.- Students can develop competency in a statistical analysis tool
that they can use in their future research activities. The activities are designed to be carried out in
teams of 2-3 students and moderated by an instructor. They are of two types: those for introducing
the basics of R functioning and use; and those on different topics of statistics courses (e.g.
activities that deal with frequency distributions; activities on binomial, Poisson, and normal
distributions; activities on ANOVA and comparisons between means; activities on linear
regression; etc.). In this paper, we focus on an activity for exploring randomness and variability.

The activity for exploring variability

This activity is the second one during the undergraduate course “Probability and Statistics” and
is called Activity 2: Frequency Distributions (Continuous Variables). Students are given the
following context of the problem, a set with the total lengths of a hundred seahorses and then
asked to carry out the sequence of tasks further below.

In a study investigating the morphometrics of seahorses, a random sample of Hippocampus erectus
was collected from Chelem, Yucatan, a tropical coastal lagoon with submerged vegetation in different
densities, and that is subject to artisanal fisheries. For each of the individual seahorses collected with

102



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

a dragnet, the total length was recorded (TL mm)

1.- Save the results of the lengths as a vector in R, naming it ‘chel'. For this, they would define the
vector chel by typing chel = c(<values of the sample>) in the R console (as in Fig. 1). They could
also type the same replacing the equal sign ‘=" with an arrow: chel <- c(...)

2.- Analyse, without any arithmetical operations on the data, the vector chel corresponding to the
Chelem sample and describe observations on the total length (TL) of the seahorses.

o Histogram of chel

Frequency

0 5 10 15 20 25

[ M —

(a) 10 20 30 40 50 (b) = f— (C) chel

Figure 2. Representing the data contained in the vector ‘chel’ by generating graphs through the following
R commands: for (a), dotchart(chel); for (b), boxplot(chel); for (c), hist(chel).

3.- Create plots and graphs of the Chelem data, by typing commands such as dotchart(chel),
boxplot(chel), hist(chel) —with which they had become familiar in previous activities— and observe
and compare the graphs (see Fig. 2). (As explained by Zuur et al., 2007, dotcharts are a means
to identify extreme values for the response and explanatory variables in one-dimensional data.) A
hint is given that for understanding the graphical elements represented in the graphs, they can
use the help documentation (e.g. typing ?boxplot.stats for the box-and-whisker plot.) Then, they
are asked to describe again the TL by taking into account the values on the axes of the dots, bars
and boxes in each graph. Finally, they are asked to indicate which of the characteristics described
before could be identified in the graphs; and select the graph that serves best to represent the
data from the Chelem sample, by discussing with their partners.

4.- Use their previous knowledge on central tendency and dispersion parameters, in order to
explore the statistical nature of the Chelem sample. (It is suggested that they can use arithmetic
operators or specific functions, such as: 'length’, 'sum’, 'var', 'max’, 'sqrt', or search the help
documentation for other functions). They are then asked to explain which of the parameters they
would choose to describe the sample numerically.

5. Build a new histogram of the Chelem sample using the following commands:
hist(chel, xlim=c(0,60), breaks=10); abline(v=mean(chel), col="red")

This produces a histogram with a vertical red line (representing the mean value), which students
need to interpret, and then build different coloured lines over the value of the median and mode
of the distribution. They are asked if they could represent the range and standard deviation of the
sample by using similar graphic procedures; if they could calculate the size of the sample by
analysing the graph; and to discuss this with their partners. (For the latter it is worth noting that if
they generate lines using ‘abline’ with the values of the range or standard deviation —as some
students did, as shown below-, such lines would not represent these parameters on the graph,
since they quantify differences or distance between points —therefore involving two numbers— and
are meaningless if located at a specific x-value.)

6. Students are told that the data for the vector representing the Chelem sample that was used in
the first part of the activity, was generated using the following command:

popul = round(rnorm(10000, 30, 8),1)); sample(popul, 100, replace=T)
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(This command line will take a random sample of 100 elements from a randomly generated
sequence of the normal distribution of 20000 observations (called ‘popul’), with mean equal to 30
and standard deviation equal to 8, rounded to 1 decimal point). They then are asked how they
could verify that the sample was randomly collected, and to show which argument can be used to
change the size of the sample.

7. Explore the relationship between the size of the sample and the parameters used to statistically
describe the sample, pick some parameters and predict how their value will change depending on
whether the sample gets bigger or smaller, and then verifying their predictions —by changing the
size arguments in the code line above: sample(popul,... ,computing the parameters that they think
appropriate, and filling out a table with the information.

8. Students are introduced to the 'plot' function, which is a generic function for plotting, and have
to build a graph to show how chosen parameters change with the size of the sample.

9. Given the following two formulas:

sum((chel-mean(chel))*2)/length(chel)
sum((chel-mean(chel))*2)/(length(chel)-1)

test and analyse these in order to explain the difference between them; if they represent the same;
and which one would they choose for the Chelem sample. The aim is for students to reflect on the
difference between the population variance (o where N is the population size) and the sample
variance (s where n is the size of the sample). By definition, the population variance (divided by
N) will always be less than the sample variance (divided by n-1), even in the unlikely case where
the sample equals the complete population (N=n). This is relevant to understand the relation of
size and quality of the information, with randomness, and independence, as traits necessary in
the definition of a sample in this context.

10. Calculate the difference in magnitude of the variance using the previous formulas and describe
what will happen to that difference as the size of the sample decreases/increases. (Students are
reminded that it is assumed that the population is known and that ? has a constant value). The
purpose of this activity is to develop the concept of randomness and relate it to variability, and to
be able to understand that when a process is random, values change in a manner that is not
predictable. We want students to understand that randomness is part of natural phenomena, and
can be an ally when it is adequately treated as “background noise”. We also want students to
develop meanings for the concepts of mean, it’s precision and accuracy, and to understand the
degree to which sample size can be controlled in order to improve the estimation of population
parameters.

Simultaneously, the activity helps us to introduce students to the statistical tools and commands
found in R —and through them to the statistical concepts, as such—, analyse them and apply them
in “functional” manner in the programming tasks. This should help give them both an
understanding of the concepts, as well as some knowledge of the tool (the R programming
language) that can be very useful for them in their future research activities.

Some results from case studies

Although we have implemented similar activities in previous courses in whole-classroom
situations, we wanted to be able to observe more precisely how students carry them out, in order
to document -according to the ideas presented by Noss and Hoyles (1996)- their
thinking-in-change, and their understandings and difficulties, using these tasks as windows into
their developing meanings for statistical concepts (as computational statistical commands, in their
application within the situation of the tasks, and as more abstract concepts). Therefore, we tried
out the previous activity, over the course of two sessions, in case studies with some 2"-year
students, studying for the degree of Sustainable Coastal Zone Management at the National
Autonomous University of Mexico, and enrolled in the semester-long introductory course
“Probability and Statistics”. Below, we present some results on the case studies of two teams of
students: Alexis and Hiram, and Isabel and Marcos. These students had never studied statistics
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before university, though they had recently taken a very brief (28 hour) introduction to frequency
distributions and their descriptors, during which they used R for the first time. From previous
classes we detected that Alexis and Hiram were above average students, whereas Isabel and
Marcos were average students.

Task 2: This task asks students to give observations on the total length (TL) of the seahorses
without arithmetic operations on the data. Alexis and Hiram read the problem out loud, silently
analysed the data given in the vector chel, then discussed using some R functions for ordering the
vector and for finding the maximum and minimum values more easily. Thus, they used the
following R commands for this analysis: min(chel) and max(chel) in order to find, respectively, the
minimum and maximum lengths recorded in the sample. They then estimated the number of
elements in the sample, by approximation, by estimating how many elements were in each line,
then confirming this by looking at the display of the vector, where the number of the first item in
each line is given in square brackets. This was re-confirmed by typing the command length(chel).
They then wrote in their worksheets that “the smallest seahorse measures 10.3mm?”; “the largest
seahorse measures 56.1mm?”; “the total size of the sample is of 100 individuals”; and “the mean is
33.2mm, which was obtained by mentally adding the minimum and the maximum values and
dividing the result by two”. It is interesting to see that they consider the mean and median as
central tendency values, but it is not clear whether they realise that the arithmetic mean and the
median only coincide in certain specific distributions (e.g. symmetrical or uniform ones), but not
all.

Isabel and Marcos, at first didn’t know what to do with the information, with Marcos not
understanding what each element of the vector represented and asking what TL (total length of
the seahorses) meant. Then they only did a visual analysis of the sample, writing that the sample
showed “seahorses with a minimum TL of 10.3mm and a maximum of 56.1mm, with more
seahorses with a length 30-40mm”. Without calculations and other statistical tools, these values
only give minimal information, but at this stage students may not be aware of this.

Task 3: This is the task where students were asked to build different plots of the data (Fig. 2),
analyse them, and determine which they considered gave a better representation of the data.
Alexis and Hiram focused on the boxplot. After using the hint given to help them understand what
that the box-and-whiskers represents, they wrote this description:

The first whisker shows the minimum value of the sample; the line from the first whisker to the box
groups 25% of the data; the box groups 50% of the data; and the central line represents the median.
The line from the end of the box (third quartile) at the end of the graph, groups another 25% of the
data. There is a point outside the diagram; this is a case of an outlier (a data point with an
extraordinary value) that doesn’t follow the characteristics for belonging to the graph.

With the latter comment there is no definition as to what it means “not to belong to the graph”.
Therein lies precisely the central aspect of the concept of variability: how different must a value
be from the rest, in order to be able to say that it doesn’t belong to the same group? Is it just the
size of the difference that one should take into account, or is also the relative frequency of
occurrence of such value? Related to that, what information do the histogram and boxplot present
that the dotchart doesn’t?

Alexis felt that what was being calculated with the boxplot, was the variance and tried to remember
the formula and tried to write what he remembered on a paper to show to his partner and seek his
help. Because they were unsure they tried calculating the variation coefficient to see if it coincided
with what was represented in the boxplot, and Alexis realised that it didn’t. Alexis and Hiram finally
explain that the graphs represent “the dispersion of the data, where the data concentrate, the
extremes, and with the boxplot the outlier”. Hiram then felt that the dotchart with “the dispersion of
points explained better the distribution [of the lengths] of the seahorses” and showed all 100 points,
which allowed him to understand better what the graph represented. Alexis said he preferred the
boxplot to the dotchart, which was less abstract; and to the histogram of frequencies, because it
helped “identify immediately any [outlier]”. Unfortunately, the answers are descriptive rather than
having a deeper basis for their decision.
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Isabel and Marcos, on their part, began by exploring the dotchart and then comparing the different
graphs in a same window (using an R script from a previous lesson) and discussing amongst
themselves. They then described correctly and thoroughly the graphs:

In each graph one can observe a bigger grouping in the 30-40mm interval. The clearest graph for
observing such grouping is the frequency histogram where the biggest frequency is 30-35mm. In the
box-and-whisker plot, one can see an outlier that exceeds 50mm. Likewise, in the dotchart one can
see an accumulation of data in the centre, between the 30-40 interval, with few infrequent values in
the extremes (less than 20 and larger than 50).

However, they didn’t choose one, possibly because they couldn’t yet identify the important traits
that differentiate the graphs. One such trait is the variability, but they couldn’t yet identify which
format best represented that variability.

Task 4: This task asked which functions could help describe numerically the Chelem sample.
Alexis and Hiram tried out length(chel); mean(chel); var(chel) (using ‘help(var)’ for understanding
the variance command); the standard deviation sd(chel); the coefficient of variation
(sd(chel))mean(chel)); the median(chel). They said that the ones that best represented the
variability would be “the mean, the median, the standard deviation, the size of the sample and the
variance” but did not explain why. Although some of these are redundant, they seem to understand
them and how to calculate them, although they don’t seem to be able yet to identify the advantages
or disadvantages in terms of the information that each provides.

Isabel and Marcos, on their part, answered that they would “use ‘length’ to see the size of the
sample, ‘max’ to know the maximum value in the sample, ‘sum’ divided by ‘length’ to get the mean,
‘var’ to get the variance, and ‘sqgrt(var(chel))’ to get the standard. deviation”. Although they focus
more on the operative aspects, instead that on the information provided by each function, it is
interesting that they define ways to calculate the mean and standard deviation using other
functions, rather than relying on the direct functions for each; the latter shows at least some
knowledge of the definitions of those two concepts, which they use in the R code.

Task 5: In this task, both teams of students Histoaram of chel
correctly identified the red line in the histogram . 1
(Figs. 1 & 4) produced by the given commands,
as representing the mean (as “media” in
Spanish, even though the R commands are in |z
English). Isabel and Marcos then added the |#

median as a blue line (Fig. 4), by typing 7
abline(v=median(chel), col="blue") —none drew o
the mode line, since there is no direct command e
for the mode. They then typed the following, 5 20 a0 w0 50

without reflection: : . ,
Figure 4. Isabel and Marcos histogram in

abline(v=range(chel), col="yellow") Task 5, with meaningless yellow and green
abline(v=sgrt(var(chel)), col="green") lines using the values of the range and
standard deviation.

They did not realise that these lines (the yellow and the green) are meaningless in terms of the
graph since, as explained above, the range and standard deviation quantify differences or distance
between points, thus are meaningless if located at a specific x-value. Isabel and Marcos also said
that “you can’t” find out the size of the sample from the graph. This indicates that they haven'’t yet
understood what the bars in a histogram represent.

Alexis and Hiram, on their part, rather than explaining how they could identify the range and
standard deviation from the graph, simply said that they would “subtract the largest value with the
smallest one and the S.D. [standard deviation]; although their language is not completely
appropriate, at least they are referring to the difference or distance between the highest value and
the lowest, which is the definition of range. They then answer that the size of the sample can be
calculated from the graph, because “the frequency is [given] in clear units”. In order to clarify the
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nature of a continuous variable and randomness for generating values, the instructor (first author
of this paper) asked them with respect to the frequency in which a continuous variable occurs in a
sample (such as the total length variable of seahorses), and if the exact value would repeat itself.
Hiram just shook his head, and Alexis explained that it wasn’t necessary for the exact value to
repeat itself or knowing its frequency, because that knowledge is already in the histogram. Related
to the graphical representation of variability, they felt that range was easier to represent than
standard deviation. When questioned how to represent either one, Hiram opened his arms
indicating a distance. If it is a distance, how would it be represented with a single value? They
cannot answer; Alexis only mentions that it will be done “using the size of the bars in the histogram”
and they look this up in the internet. Finally they arrive at the conclusion that “it is meaningless;
[range and standard deviation] are of a second dimension [sic] and cannot be represented
graphically in the histogram”

Tasks 6 & 7: Here, students need to reflect on how the sample is produced randomly, what
changes the size of the sample, and the relationship between the size of the sample and the
arguments used. At first, Alexis and Hiram answer by simply analysing (rather than trying out) the
code and what the ‘sample’ command does: “output a sequence of random data” (Hiram) with an
argument for having 100 elements (Alexis). After a long time, Hiram finally suggests experimenting
by trying out different values for the arguments, confirming that by changing 100 with 150 in
sample(popul, 150, replace=T) the size of the sample increases to 150. In later lessons, this
student would autonomously generate samples using the 'rnorm' function.

Likewise, Isabel and Marcos write that if the argument is changed, the size of the sample changes.
Isabel and Marcos focus on the mean argument 30; by generating different samples they find that
these have a mean close to 30, but not exactly the same. Also, by experimenting Marcos
concludes that “the difference between max. and min. is the range” of the sample.

For Task 7, Alexis and Hiram identify that in the given formula, the population mean is y=30 and
the value of the size of the sample is n=100, have good understanding of these concepts and play
with the code easily, using modularity. They explore again sample(popul, 100, replace=T),
changing the value of 100 repeatedly up and down (e.g. to 900, 20, 9000, etc.) and in that way
create different samples (samplel, sample2, etc.) for which they compute the mean (i.e.
mean(samplel), etc.) and standard deviation (i.e. sd(samplel), etc.). Hiram thinks that “the
parameters get closer to the values that they should be, as n gets bigger” but Alexis doesn’t yet
quite understand until they test them with very small and big sample sizes (as above). They are
struck when n=2 and get a sample with mean of 29.7, and think they made a mistake, that it can’t
be possible to get such a precise value with such small n! Hiram, disconcerted, says “the smaller
the n, the farther it should be from the population value...” Prompted by the teacher, they search
for a single data point with value 30, to see the possibility of getting a “mean” of 30 with n=1, and
to their surprise they find it. There is a Eureka moment with Hiram saying: “Ah! It is possible... we
can have mean values of 30 with a really small n... because it is random! It may have little
probability, but it can happen. But it is true that the bigger the sample, the closer”. The teacher
reaffirms this, but emphasizes the randomness, referring to it as “background noise”.

Isabel and Marcos, on their part, concluded that “As the size of the sample increases, the range
increases, and as [it] decreases, the mean deviates more from the true mean (30)” after a very
long exploration. Because they had difficulties visualising the pattern and graphing in R, at the
teacher’s suggestion they built a table and a paper-and-pencil graph, which helped them.

Tasks 8-10: Due to time constraints neither team explored tasks 8 and 10, and only Alexis and
Hiram began answering Task 9, saying that sum((chel-mean(chel))*2)/length(chel) referred to the
variance of the population, and sum((chel-mean(chel))*2)/(length(chel)-1) to the variance of the
sample, but they didn’t really test it.

Final remarks

The constructionist approach taken, where students are active in using and expressing statistical
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ideas and concepts through the R programming tasks, includes several important elements:
among those, the expressive tasks and generation of multiple representations and application of
statistical concepts through formal descriptions (in the code), is a very important one. As diSessa
(2001) explains, programming can turn analysis into experience and allow “a connection between
analytic forms and their experiential implications that algebra and even calculus can’t touch” (p.
34). Furthermore, programming is engaging, as was the case with these students, helping them
become more familiar with (and overcome some of their fears of) both statistical concepts and the
computer programming. The collaborative work also served as another means of expression and
clarification of the concepts under study. The students may not have fully explored in each task
what we had set to achieve, and may not have yet developed proficiency fully in the construction
of graphs with R (with Isabel and Marcos, in particular, having difficulty in this regard), but they did
seem to learn how much a graph synthesises information, and the enormous importance to be
able to construct graphs quickly for understanding the data. More importantly, they achieved our
purpose of exploring and developing some understanding of the concepts of randomness and
variability, and will continue with a dozen more such activities to develop more meaningful
knowledge of the statistical concepts and also R.
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Abstract

The widespread use of mobile phones is changing how learning takes place in many disciplines
and contexts. As a scenario in a constructionist learning environment, students are given powerful
tools to create games using their own ideas. In the “No One Left Behind” (NOLB) project we will
study through experimental cycles whether the use of mobile game design has an impact on
learning, understanding, and retention of knowledge for students at risk of social exclusion. We
will use the mobile learning app Pocket Code with partner schools in three countries: Austria,
Spain, and the UK. This paper focuses on the Austrian pilot, which is exploring gender inclusion
in game creation within an educational environment. We first study differences in game creation
between girls and boys. This study that started in September 2015, will help teachers to integrate
Pocket Code effectively into their courses. For future studies an enhanced school version of
Pocket Code will be designed using the results and insights gathered at schools with pupils and
teachers.

oy LorT Beninn
L J L
~ POCKET CODE
NOLB will evaluate the idea of developing games . &5t
within a constructionist environment, with the aim of Usesa vnsqal pragiEevIRRg languagg (Lego®-style)
enhancing students' creativity and social skills. with snapping together command bricks arranged in
[A new generation scripts
of the app should
empower girls and
& make the study of
° STEM related
Q .Iﬁﬁ ! @ subjects more
ﬂ e lle ' attractive to them
lﬂﬁ " = Placeatx: 300  v:-50
Students use the app Pocket Code
in different school subjects for
0 game creation during project work
Figure 1: The NOLB project, the Austrians pilot and Pocket Code.
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Introduction

Constructionism motivates learning through creating one’s own games (Parmaxi and Zaphiris,
2014) but requires appropriate hardware infrastructure, which is often outdated and/or
insufficiently available in schools. Modern smartphones are increasingly owned by students all
over the world and thus could help solve the hardware problem in and outside of schools. Playing
mobile games is a popular leisure activity for young people (Schippers and Mak, 2015), but
creating smartphone apps has until now been difficult. To ensure a constructionist learning
environment, Parmaxi and Zaphiris recommended the use of appropriate mobile tools that can
address the cognitive and social aspects of learning. Therefore we will support students creating
their own mobile games in a visual, Lego®-style way to improve their learning experience at
schools. With the mobile learning app Pocket Code students can easily program games directly
on their smartphones, without requiring any additional hardware. Within the EU project “No One
Left Behind" (NOLB), we will develop a constructionist approach that integrates Pocket Code into
school curricula and that motivates students to become independent thinkers.

In previous work, the authors described reasons why girls and women are underrepresented in
Science, Technology, Engineering, and Mathematics (STEM) related subjects (Beltran et al.,
2015). In addition, Weibert et al. (2012) defined personal attachment as a determining factor to
motivate girls to attend computer science subjects. Therefore, the challenge of a constructionist
learning environment is to create situations in which girls feel comfortable expressing their own
interests. Within NOLB, groups of girls and boys will solve curriculum related problems while using
the Pocket Code app. When working on these projects, students can gather information from a
variety of sources, analyse this information, engage with it intensely, and derive knowledge from
the process of constructing a game (Chandrasekaran, 2012). This connection with real world
problems enhances their learning and makes it more valuable. Thus game design methods utilise
game and project based learning and foster collaboration for students at risk of social exclusion.

This paper starts by describing gender differences in game design, followed by background
information about constructivism and constructionism. The next section provides details about the
research methods used within the NOLB project, the Pocket Code app, the Austrian pilot, and
goals of the first feasibility study. The next sections illustrates the integration of Pocket Code in
the school contexts and describes workshops with students and teachers in Austria. The intent is
to connect students’ interests with coding while at the same time fostering a constructionism
approach through collaboration and engagement to make learning enjoyable. Clearly it is
important to support students and teachers with material and to provide resources such as media
assets and frameworks. Finally, we describe possible future directions for research.

Related work

In this section we describe studies about gender aspects in game play and design. We also
present settings for a constructivist and constructionist school environment.

Supporting gender unbiased game design

In 1996, Greenfield and Cocking discovered that there are significant gender differences between
girls and boys regarding performance, interests, and experience in game play. Kafai (2008)
proposes to emphasize different content, mechanics, and characters in order to make games more
appealing to girls. Craig et al. (2013) observed that the participation of girls in computer classes is
not the same as those of boys: girls tend to spend more time on visual customization while boys
spent more time on solving logical puzzles, and the authors thus point out that it is essential to
consider gender differences in logical and computational skills. According to this study it may thus
be more effective to get girls interested in technology by asking them to design games rather than
to focus on the learning of specific programming skills.
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Constructivism and constructionism

Piaget's constructivism provides a framework for optimizing the learning progress at different
levels of children's development (Kafai and Resnick, 1996). Younger children create their own
subjective reality, depending on their own experiences, which is suited to their current needs and
possibilities. Children enhance their capability of abstract thinking and start to philosophize about
probabilities, associations, and analogies by the age of 11.

Papert’s constructionism is the practical realization of the constructivism theory. Papert (1980)
noted that individual learning occurs more effectively when students understand the world around
them by creating something that is meaningful to themselves. These can be artefacts such as a
sand castle or a computer program (Parmaxi and Zaphiris, 2014). Programming tools such as
Scratch® make programming accessible to a large number of people and teach new skills and
abilities, such as engineering, design, and coding (Blikstein and Krannich, 2013).

Research setting

The NOLB project plans to validate its approach by conducting three pilot studies from January
2015 to June 2017 in Austria, the UK, and Spain. In each of these pilots participate approximately
200 students (including the control groups) between the ages of 9 and 18 years to study different
social exclusion problems. The framework for this study refers to the theory of constructionism,
which emphasizes design and sharing of artefacts (Parmaxi and Zaphiris, 2014). This section
describes the NOLB project, the Pocket Code app, the research setting of the Austrians pilot, and
the feasibility study.

The “No One Left Behind” project

The “No One Left Behind” (NOLB) project’ aims at unlocking game creation by students who are
socially excluded. Students will use Pocket Code to develop games on mobile devices, with the
goal of enhancing their abilities across all academic subjects as well as their computational
proficiency, creativity, and social skills. The pilots address three inclusion challenges: gender
exclusion, disabilities, and immigration. We plan to use a constructivism approach by learning
through Pocket Code. This app will support students in constructing their own games in the context
of their regular courses, by embedding academic elements in their games and reflecting their
understanding of what they need to accomplish. Moreover, students can socialize with their peers
during the game making process. The results will include designed sharable artefacts that reflect
the students’ different styles of thinking and learning (Ramnarine-Rieks, 2012).

Pocket Code

Pocket Code is an application for mobile devices and tablets. It is currently available for Android
(a version for iOS and Windows Phone is in development).This app provides a visual programming
language which allows students to create their own games, animations, interactive music videos,
and many types of other apps, directly on their smartphones or tablets (Catrobat, 2015). Similar
to Scratch, programs in Pocket Code are created by visually composing Lego®-style bricks
arranged in “scripts” which can run in parallel, thereby allowing concurrent execution.

Setup in Austria: Empowering girls’ computational skills

The Austrian pilots are conducted together with three high schools situated in and around Graz:
“‘Akademisches Gymnasium Graz”, “Graz International Bilingual School” (GIBS), and “BORG
Birkfeld”. 190 students from 11 to 16 years, of which 122 are girls, take part in the study. The intent
is to find out how to develop Pocket Code in ways that specifically empower girls by engaging with
them and thus making the study of STEM related subjects more attractive to them. Additionally,

5 https:/scratchmitedu

7 http:/nolleftbehind.eu
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the differences in the game creation process will be analysed. Aspects of self-identity and
stereotyped gender categories will be taken into consideration.

Feasibility Study: Integrating Pocket Code in school lessons

Figure 2 outlines the different stages of the feasibility study. Pocket Code is used in several
academic subjects, thus the purpose of this study is twofold. First, the feasibility pilot allows
students and teachers to familiarize themselves with Pocket Code through applying game design
elements in selected curricula areas. By this we will identify students’ and teachers’ needs
regarding the app. Second, the study gives students an initial positive experience with the app.
Pocket Code will allow them to engage with their subjects in a playful way.

) Game _ Test and
Introduction Design Programming Evaluate
A A A

| Observation 1 | |Observation 2 | | Observation 3 |

Evaluation

Figure 2. Schedule of the feasibility study.

The results of the study will shape the new version of Pocket Code through the feedback from
students and teachers. At the end of the study the following evaluations are planned:

= Analysis of data collected (pre- and post-surveys, observations during the study).

= Defining the range of capabilities measured through gaming analytics and the progression
of the learners.

» Learning about the barriers of using Pocket Code in schools.

= Measuring the learning objectives against the learning outcomes.

» Documenting findings to improve future studies and developments.

» Reviewing school capabilities and issues.

» Exploring the role of the teachers (teachers as facilitators, coaches).

Additionally, the following aspects are specific to the Austrian study:
= Differences in game creation and design between girls and boys.
= Suggested changes that are needed to make Pocket Code more attractive to girls.

Preparation phase and feasibility study in Austria

This section describes the preparation phase in Austrian pilot schools and provides a summary of
the workshops with students as well as an overview of the teacher training sessions and prepared
material. We further describe how findings from the preparation phase have influenced the ensuing
feasibility study and the students’ lessons with Pocket Code.

Pocket Code workshops with students

At the end of the school semester in July 2015, we organised workshops in two of our partner
schools, with a focus on introducing Pocket Code to students. The theme for the workshop was
“150 years of Alice in Wonderland” in reference to the 150th anniversary of Lewis Carroll’'s book
celebrated in 2015. This topic seemed interesting to the target audience: students 14-17 of both
genders. For the workshop itself, various materials were prepared, including media assets such
as graphics, sounds, and tutorial cards for important functions (e.g., set size of an object). One
NOLB partner, the National Videogame Arcade (NVA) in the UK, has developed a taxonomy called
“The Shape of a Game” ceremony. It consists of a title screen, an instruction screen, a game
screen, and an end screen. This framework was preinstalled on the mobile phones the students
used for the workshop. With this framework the students’ game design processes were scaffold,
allowing them to focus on the game development itself. At GIBS 19 and at Borg Birkfeld 35
students attended the four hour workshop.
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The introduction session was held in front of the whole class to show what could be achieved
within Pocket Code, with the team presenting example games and the user interface. Afterwards
the students formed groups of two or three and pitched game ideas. These ideas were shared
with the class and the students got direct feedback. Next, the students created storyboards which
helped them to get a clearer image of the gameplay and characters. Without giving them further
guidance in programming, they started to code their games. The team took the role of coaches,
and students could consult them when they needed some input. This learning by doing approach
supports the constructionist theory, and most importantly students had the opportunity to add their
creativity to this session and explore the various functionalities of Pocket Code on their own. Figure
3 illustrates different impressions of the workshop. At the end they uploaded their games to our
web share page® and presented them in front of their peers.

Figure 3. Pictures of the workshop: storyboard, instruction session and framework “Shape of a Game”.

In both workshops many different games were created, e.g., mazes, skill games, jump and run
games, quizzes, adventure games, or racing games. We conducted a survey at the end of the
workshops. The results showed that 98% of the students described the workshop as very good or
good, 90% were satisfied with their results, and 89% liked to work in teams. While observing the
students use of Pocket Code, challenges could be identified, e.g., working in groups or difficult
parts while programming. The students had especially problems in creating the following functions:
to detect a collision, to move the background, and to use variables. Furthermore, the games
created have been analysed in order to define what kind of game design elements were used most
often and to generate therefore tutorials cards, tutorial videos and frameworks with Pocket Code.
Additionally, the workshop provided a good opportunity to gain more experience in applying game
oriented methods within the curricula.

Pocket Code teacher training sessions

Before finalising the planning phase, the teachers needed to be involved as well. The success of
the project depends on their participation and cooperation. Influencing factors include the subjects
in which teachers will use Pocket Code and the amount of units available. Preliminary work
included several meetings with teachers in spring 2015 and conducting an online questionnaire to
establish the teachers’ digital skills and abilities. Initial results were used to develop the classroom
resources that teachers need to implement, based on their differentiated skill levels. In September
2015, the first teacher trainings were held to show the functionalities of Pocket Code. In the two
hour courses, teachers were given a short introduction to Pocket Code, after which they had a
hands-on session in form of a step-by-step approach with the workshop facilitator. The sessions

8 https./pocketcode.org
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were followed by short discussion rounds where teachers considered how Pocket Code could be
used best to support their lessons. Afterwards the teachers created some excellent ideas together
with their students. In the following weeks they sent these ideas either in form of storyboards or
description to the NOLB team and got feedback from us. After both the teacher trainings and the
student workshops, the following materials were prepared to kick off the feasibility study:

= Online course® including explanation of the bricks, tutorial cards for students, and helpful
game metrics (shape of a game, game design process)

= Short video tutorials with gaming concepts?!®

= Pocket Code frameworks for Physics, Arts, English, Computer Science and Music'!

» Media assets like graphics and sounds online through the Pocket Code Media Library

The effectiveness and usefulness of this material will be tested during this feasibility study.

Kick-off of the feasibility study

With the help of the NOLB team the teachers will use different approaches depending on the age
of their students, their previous programming experience and their subject field. Table 1 points out
the various approaches which all have a constructionist base in common e.g., students will be
actively involved in the process of constructing a game, they will take charge of their own learning
and find solutions by using the tutorial cards, asking their peers or just trying out alternatives and
learn from their mistakes. Therefore, students will learn to be patience, feel ownership of their
achievements and will truly understand many of the basic programming steps. To archive this,
students will work in at least three units; in the Austrian pilots, girls will be grouped together. For
the purpose of designing and creating artworks for backgrounds and objects we will provide
students enough time during additional Arts lessons (important for girls see previous section).

Pilot school 12 ““Akademisches Gymnasium”

Arts Idea: 17 different languages are spoken in this class, thus the idea is to create a vocabulary game.
nd
(2 Game play: A list with different vocabulary words is shown on the screen. In the game, balloons with pictures glide.

grade) The player should try to catch the balloons that show vocabulary words from the list using the inclination sensors of
the phone. A score displays changes with right/wrong catches, and when all right balloons are caught the game is
finished. The students should add functionalities, own graphics, and other Ianguages/vocabulary to their games.

gg_rgr?g;er Idea. In these units the students will not receive a given project theme. The aim is that they will be able to work
|
(5“‘ creatively and to explore the basics of a programming language on their own. The sequence of this lesson will be

grade) similar to the workshop: They will create a storyboard, present their ideas, and start programming.

Pilot school 2: “GIBS”

Physics Idea: This game should deal with the density of different objects and liquids. The lessons should follow up with
d

(3r performing these experiments in real life.

grade) Game play. The game shows the behaviour of different objects (e.g., a bolt, a cork) falling in different liquids (e.g.,

water, oiI). The students should add further objects (e.g., paper, coins) and liquids (e.g., honey).

CE:g?rlmipShte% Idea: The idea is to program a quiz game with the students. In the English class the students had to read five different
u

Science books and can choose which one of them they will use for the quiz.
(3 Game play: In the Computer Science class students will program these quizzes. At five different stations questions
classes will be asked concerning the book, followed by a small mini game. If all questions are answered correctly, the game

5t grade) is finished. The students should create the stations with questions and mini games.

Arts Idea: This teacher will use a different approach. He will use the brick cards the NOLB team created, print them out,
th
(5 and and use them as a physical flashcard system to put together scripts. Thus students draw first the projected outcome
th
6" grade) on a picture. When they start programming their games in Pocket Code, they can see if it follows the same

configuration that they predicted. They may choose the topic of their games freely.
Pilot school 3: “Borg Birkfeld”

9 https:/edu.catrob.at/
10 https:/share. catrob.atpocketcode.gaming-tutorials

11 https: sshare catrob.atpocketcode profile/3611
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go_mputer Idea: This class will do also a quiz game in Pocket Code and answer computer related questions.
cience

(Sth
grade)

Game Play: The player listens to a question, e.g., “catch all object-oriented programming Ianguages" and then catch
the correct image from several that are falling. A score display changes with right/wrong catches. When all questions
are answered correctly the game is finished. The students should add additional questions to the game.

Music (5Ih Idea: Same concept as in Computer Science.
grade) Game Play: The player listen to music, e.qg., “The Magic Flute” and then the player should catch the instruments that

were part of the music. The students should add additional music and instruments.

Table 1. Ideas for the students’lessons in the different pilot schools.

Students of the 2" grade will get a framework in which specific parts in the code are missing
(indicated by a note brick): e.g., collision detection or using inclination sensors. Within small groups
the team develops this missing functionality together with them to guarantee student-centered
classroom, where students learning and discovery is in their own hands. Students up to 3" grade
will get a short introduction unit including a hands-on sessions guided by the team and tutorial
cards. In these sessions one student at a time comes to the front of the class and tries to add one
small but meaningful new feature to the game being developed by the class.

Pre and post questionnaires, observations, documentations, video, and picture material will be
collected during all units. The outcomes of the feasibility study will be incorporated in the next
planned cycles. These findings will be integrated in a new generation of Pocket Code, which will
be designed and implemented especially for school contexts. For the first cycle in summer
semester 2016 we will continue with the same classes that are already experienced in Pocket
Code. The new version will be tested and evaluated during the second cycle, which will start in
September 2016. In order to monitor these cycles, NOLB will select an experimental design
(experimental vs. control group).

Future work

Future work will include the testing of more playable approaches to aid girls in certain topics. One
way will be through Game Jams events. Goddard et al. (2014) see Game Jams as a way to
generate and inspire game ideas and finding new ways of thinking. Thus NOLB will examine the
opportunity of utilizing Game Jams as a design research tool in school classes. One event (at the
time of this writing still upcoming) which will be also interesting for schools is the Alice Game Jam??
in December 2015.

A series of data collection tools (teachers’ questionnaire, student gaming questionnaire, and
baseline collection tool) have been designed for understanding students’ academic, social and
inclusion needs, requirements and capabilities. They will help to identify students’ and teachers’
needs to guide the development of an inclusive generation of Pocket Code, influence the design
of the full experimental pilots and provide benchmarks against which we can evaluate the system’s
potential in generating inclusive game creation experiences in formal learning situations.

Discussion and conclusion

Many of the changes in teaching and learning that resulted from the study of empowerment of girls
improved the situation for all students, not just for girls (Kafai, 2008). Within NOLB it is assumed
that learners who become game designers and creators will significantly contribute to closing the
divide and participation gap in digital culture. Preliminary findings show that students were able to
successfully design functional games in a very short time frame using Pocket Code. A more
detailed analysis will be available after the feasibility study, the findings of which will help to
understand the game design behaviour of girls and to identify obstacles in usage of Pocket Code.

2 wwwi.alicegamejam.com
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Abstract

In this paper, we report a research project in early algebraic thinking with students of primary
school (10-12 year old) who have not yet been introduced to algebraic syntaxes. Using the
software eXpresser (Figure 1), we introduced some algebraic ideas, along with the idea of
generalization. This was carried out through problem-solving activities in a didactic sequence.
Even though students in this age-group are in transition from additive to multiplicative thinking, our
study revealed that students were capable of understanding the idea of sequence, and that they
were able to identify the general rule and express it in pre-algebraic terms.
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Figure 1. Building patterns with eXpresser (https./migenproject.wordpress.com/)
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On early algebra

Many studies on early algebra have identified curricular issues in elementary school that can be
explored in order to introduce some important algebraic ideas in students of this level (e.g. Da
Rocha Falcéo, 1993; Slavit, 1999, Carraher, Schliemann & Brizuela, 2000, 2001; Kaput & Blanton,
2000; Schliemann, Carraher, Brizuela & Earnest, 2003). These attempt to give plausible
explanations on the difficulties that students face when they initiate the study of algebra in
secondary school. One of these explanations is the lack of previous knowledge in students for
dealing with numerical problems in such a way that it can lead to algebraic ideas, such as
generalization and its expression.

According to Butto and Delgado (2012), it is important to distinguish early algebra from pre-
algebra. The focus in early algebra are the thinking processes that lead to ideas in algebra, even
when they are not fully developed, but that represent true routes of access to algebra. In pre-
algebra, the focus is on the mathematical content previous to the formal introduction of equations
and unknowns, such as integer and rational numbers, exponents, and surds. This is relevant for
us, because in the Mexican curriculum, teaching and learning of algebra is postponed until the
first and second years of secondary school (ages 12-14).

Teaching and learning algebra and generalization processes

In the literature there are at least four approaches to teaching and learning algebra (Bednarz,
Kieran & Lee, 1996). (1) Generalization of numerical and geometrical patterns, and the laws
governing the numerical relationships. (2) Modelling of mathematical situations and of concrete
situations. (3) The study of functional relationships, and (4) the solution of problems and equations.
Wheeler (cited in Mason, Graham, Pimm & Gower, 1985) points to the artificial character of such
classification, since all four aspects are necessary in any elementary algebra program.
Nevertheless this classification is useful in the didactics of mathematics, in order to know which of
these four aspects is emphasised in a particular treatment in algebra teaching. Our interest is on
the first: generalization.

Generalization processes consist in discovering a pattern or rule from a sequence of objects that
can be numerical or geometrical. Pertinent investigations show that children can understand a
rule, even though they may not be able to express it in what we call algebraic language.
Nevertheless, they are able to construct a table and extrapolate or interpolate correspondences
outside the data. According to Pegg (cited in Duran Ponce, 1999), discovering patterns requires
three processes: (i) activities with numerical patterns; (ii) expressing the rules that characterize
the particular numerical patterns by means of sentences (involving students in making
clarifications and precisions); and (iii) promoting that students express such rules in short form.
Radford (2006) makes the distinction of two types of generalization: one of arithmetic type, the
other of algebraic type. The inductive procedures based on the formation of rules by trial and error
in activities with patterns, do not lead to generalization.

eXpresser: a constructionist microworld

This path towards developing generalization processes in children can be supported by the use
of technology. This is what the software eXpresser —part of the project “MiGen: intelligent support
for mathematical generalization” (https://migenproject.wordpress.com/), led by R. Noss and
collaborators— is designed for (Noss et al., 2011). This is a software for technology-enhanced
learning, where children can construct patterns using tiles and colours, and encapsulate them in
the form of blocks (shapes) that they can repeatedly reproduce by giving rules for shifting the block
in the horizontal and vertical directions, as well as for how many times to repeat the block. This is
achieved by means of placeholders that contain numbers and can be dragged. In this way children
can repeat patterns and test their guesses relatively easy. As explained in the documentation on
the eXpresser website (“Background | The MiGen Project,” n.d.), “this modelling approach is
inspired by Papert’s notion of constructionism (e.g. Papert, 1990) which supports the idea that
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learning happens most effectively when learners are actively making things in the real world or, in
other words, ‘the idea that learners build knowledge structures particularly well in situations where
they are engaged in constructing public entities™ Thus, eXpresser is considered a microworld,
which Papert (1980,p. 204) defined as: “ ...a subset of reality or a constructed reality whose
structure matches that of a given cognitive mechanism so as to provide an environment where the
latter can operate effectively. [...] microworlds so structured as to allow a human learner to
exercise particular powerful ideas or intellectual skills.”

Generalization with eXpresser

The eXpresser software allows students to explore, experiment and give meanings to algebraic
symbols by means of figurative models and several levels of representation and generalization.
Noss, Healy and Hoyles (1997) establish that it is important to introduce several approaches that
allow students to build their own proper mathematical models. Figure 1 shows the general
appearance  of eXpresser  (https://migenproject.wordpress.com/using-migen/expresser-
microwaorld/). It contains two windows: “My world” on the right and “General world” on the left. In
“My world”, children drag tiles of different colours from the tile generator to the construction area
and group them together into a building block. Then, they can repeat the building block to build a
pattern, entering the number of horizontal and vertical shifts and the number of times the building
block is repeated. These numbers can be entered in the number generator and then dragged into
the cells of the building pattern window. When a pattern is built, the properties window appeatrs,
where children can drag numbers that give the right number of tiles of a particular colour. This is
shown in Figure 1 (right), where the number of green tiles in the pattern are correctly answered
and the corresponding tiles are highlighted. The number of tiles of other colours can be given
similarly, by dragging numbers into the question marks icons. When the child is ready to guess a
rule, (s)he unblocks, for instance, the number of blocks, in the properties window and drags it into
the cells below the text “How many tiles?” (see Figure 1, left), to construct formulas involving the
general number —the unblocked number thus acts as a general number or variable— and arithmetic
operations: sum, difference, multiplication and substitution, which yield the number of tiles of a
particular colour. When the number of tiles of a particular colour are computed correctly, then the
tiles are highlighted in the pattern. But the pattern in the “General world” is not highlighted until the
right formula is given in the placeholder of the Model rule below, for the total number of tiles. When
this is done, then the pattern in the “General world” will be highlighted and animated, generating
random values for the general number. Thus patterns in both, “My world” and in “General world”
look similar, but when the model in “My world” is valid for any value of the variable, then in the
“General world”, random values are given to the variable and the pattern flashes, showing that
generalization has been reached.

A study using eXpresser for early algebra in primary school
children

In our study, we investigated a route towards early algebraic thinking in primary-school students
in 5M-6" grades (10-12 year old), based on generalization processes, mediated by the use of
eXpresser and paper and pencil,. Participants were 30 students from a public primary school in
Mexico City.

We report here on two stages of the study: First, the application of an initial questionnaire followed
by a clinical interview, which had as aim to explore the initial knowledge of arithmetical and
geometrical sequences and, second, a didactical sequence using eXpresser.

First stage: the initial questionnaire

The initial questionnaire had the purpose of exploring children’s abilities, strategies and difficulties
in the identification of geometric and numerical sequences, as well as if they were able to
understand the rule for constructing sequences in several ways. These issues were explored
further by means of a clinical interview. The questionnaire explored: the recognition and
construction of elementary sequences of numbers and figures; the comparison of an arithmetical
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sequence with a geometrical sequence of points; the construction of a rule in building a sequence
of triangles with sticks; counting of tiles in the perimeter and inner area of a sequence of squares
(swimming pool). For this, children were asked to complete simple numerical increasing and
decreasing sequences, and explore if they could distinguish between an arithmetical and a
geometrical sequence, completing a list of simple dots (Figure 2, left). Then, for a given sequence
of triangles (Figure 2, right), students were asked to give the number of sticks needed for a
particular number of triangles; to fill out a table of number of triangles vs. number of sticks; and
give a formula (in this case, the multiplication of number of triangles times the number of stick
needed). Then, for a particular value of number of sticks, they were asked to “invert” and give the
corresponding number of triangles. The interviewer read the questions, asking the students to
answer them. Figure 2 shows the answers given by a student in part of the initial questionnaire.
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Figure 2. Examples of questions from the initial questionnaire.

The initial questionnaire revealed that most of the students were acquainted with numerical
increasing and decreasing sequences, but did not continue sequences through negative values.
They were able to give a rule on the number of sticks needed for a given number of triangles at
different degrees of generality: answers such as “count the number of sticks”; “they are multiples”;
“use the three-times table”, or “for 4, | need 12” showed that some students were in transit from
additive to multiplicative thinking. The “inversion” of a particular item in the series presented some
difficulties, even though it reduces to a division without remainder (48/3 = 16), as the following

transcript from the clinical interview shows:
Interviewer (1) with a student (S)

S: You have 48 sticks, how many triangles can you form? It would be 3 times 48.

I: Here is your sheet if you want (the interviewer brings the sheet close)

S: (she makes the math and answers) 144

I: Then you could form 144 triangles with 48 sticks, but where there is more? When we go
doing this small table (the interviewer points out to the sheet) where there is more?, in the
column of sticks or in the column of triangles?

S: in the sticks
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I: Then with 48 sticks can | form more triangles?

S: I don’t know.

I: How would you do? Here it says that forming a triangle need three sticks. It is just like this
(the interviewer forms a triangle with pens), to form a triangle we need three stick, ok?

I: To form two, we need six. And how do you figure out with 48 sticks, if we need three to form
each?.

S: | would continue with the table until reaching 48.

I: Do you want to do it?

S: It would take too long.

I: But you are now at 36, which is the next number?

S: 39

I: for 13 triangles, how many sticks do you need?

S: 39 for 14; 42 for 15; 45 for 16; 47 (erases an operation)

I: no, you don’t erase it; let it that way, if you want we can continue here

S:lisnotan7,itis an 8... here it goes forl7, 51.

I: (interrupts) and how many sticks did we have?

S: 48

I: Then, how many triangles can we form?

S: 16

I: Very well! Let us see the last one. Give me a rule to calculate the number of sticks you need,
if we change the number of triangles.

Second stage: Didactic sequence

The didactic sequence on generalization processes was structured using worksheets. Children
worked in pairs with eXpresser, and were asked to draw the resulting designs in the worksheets.
There were two activities named “My first pattern with eXpresser” and “Working in the general
world”. In the first activity, children followed the instructions written in the worksheets and recorded
their results from the “My world” window of eXpresser. In the first activity, they were asked to build
a simple block to reproduce the patterns shown in the working sheet. Then they answered in their
own writing and notation the steps they followed when shifting and repeating the building block to
construct the pattern. In this way, they experienced their own ways to describe symbolically what
they were doing. Then, for a particular number of times that the building block was repeated,
children were asked to give the number of coloured tiles. At this stage, they explored with a single
colour. They learned how to unblock a number and animate the pattern within eXpresser. In the
activity named “Working in the general world”, children constructed a pattern from a simple building
block and verified that when the number of repetitions is changed, and the right number of tiles is
the inputin the properties window, then the pattern becomes highlighted. They were given a paired
list of repetitions of building block and number of tiles in the pattern, some of them right, some of
them not, and children verified (yes or no) in which cases the pattern became highlighted. Then
they were asked to give a formula for the right (yes) cases. A second paired list of number of
repetitions and highlighted patterns (yes) was given and children were asked to find the number
of tiles, and try to give a formula. In a third single list, the number of repetitions was given and they
had to give the number of tiles, and verify that the pattern became highlighted when the number
of tiles was computed correctly (yes).

In the first activity, “My first pattern in eXpresser”, students became familiar with building a pattern:
When they were asked to write down the ways they construct several patterns from simple building
blocks, they used expression like “#n right, #m down”, or #n [1, #m [J to say that moving the
building block #n places right and #m places down yields the pattern. For left and upward shiftings,
they even used negative numbers (which they hadn’t used in the initial questionnaire). Figure 3
shows the worksheet with the first items of this activity, for the same student whose answers are
shown in the initial questionnaire scans in Figure 1. We can see here, the use of a syncopated
notation using arrow symbols.
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Figure 3. An example of the worksheet for the activity “My first pattern in eXpresser”, from the same
student whose answers are shown in the initial questionnaire in Figure 1.
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Figure 4. An example of the same student’s worksheet for the activity “Working in the general world”.
In the second activity, “Working in the general world” children built a pattern and learnt how to get

the pattern highlighted when they tested their rule. Students were able to explain the rule. Figure
4 shows the worksheets from the same student whose answers were shown in previous figures.
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Discussion and didactical considerations

Although initially (as indicated by the answers to the initial questionnaire and in the interviews)
children exhibited some difficulties in recognising quantities which could act as variables, through
the construction of patterns with tiles or coloured squares in the eXpresser microworld, expressing
formulas for certain patterns, and reflecting on how to answer the questions on the worksheets
(which included, for example, questions where they had to identify what numbers would form
certain patterns), students seemed to overcome some of their initial difficulties. The fact that
eXpresser provides a numerical and symbolic environment and syntax, gives students the
possibility to express and communicate their ideas and experiment with different types of
numerical and/or symbolic relationships.

Thus, students could come close to algebraic thinking by means of generalization of rules from
simple patterns; the activities made them think about the relationships among variables, giving
them the opportunity to operate mentally with these objects. They were thus able to symbolize
some of the variables. And even though some of their abstractions were expressed, for instance,
using syncopated notation (i.e. with arrow symbols), which shows the relationship of these with
the construction process in the eXpresser microworld (thus indicating that these were situated
abstractions —Noss & Hoyles, 1996), students were able to build some general arithmetic
relationships that indicate some progress in the transit from symbolic to algebraic thinking, in a
more structured way.

More specifically, children were able to understand the construction of sequences although they
couldn’t always express the rule in complete algebraic form. But they were able to recognize
variable guantities, which is an important for developing the idea of an unknown in algebra.

Our study seems to indicate that early introduction to algebraic thinking by means of generalization
processes is a feasible route at early ages (for 10-12 year old), jointly with the design of activities
in two contexts: paper and pencil, and eXpresser, as has been found by other authors (e.g.
Geraniou, Mavrikis, Noss & Hoyles, 2009). Thus, the eXpresser software is a powerful tool for
initiation in algebraic symbolisation and for developing generalisation-related ideas.

However, the key point in using this software is to take advantage of its property of integrating the
numerical and geometrical contexts, within a structured didactical sequence (guided by the
teacher) that combines activities and materials in the two contexts (paper and pencil and
eXpresser
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Abstract

This article extends a 2005 taxonomy of languages and environments for teaching computer
programming to the current field of pedagogical programming languages and environments. The
original taxonomy organized tools according to the barriers to learning programming they
addressed, and the strategies used to surmount or avoid the barriers. Updating the taxonomy was
not entirely successful; some strategies have emerged as widely-used best practices. As
computers and programming have become more prevalent in everyday life, it has become harder
to distinguish programming from non-programming, and harder to distinguish tools for learning
from ordinary computational tools. Programming, formerly a specialized activity, has developed
into a computational literacy comprising many different forms of cultural interaction. We propose
a new taxonomy based on DiSessa's analysis of the structure of literacy. The new taxonomy allows
learners, teachers, and designers to ground decisions about how to learn or teach programming
in literacy aims expressing why they want to learn to program .

Figure 1. Changes in the landscape of tools for teaching programming, 2005-2016

Keywords

computational literacy, design, programming languages, computational thinking, educational
technology
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Introduction

The last decade has seen a surge of popular interest in learning to program, driven by the ever-
deepening penetration of computers and mobile devices into our lives, an identification of
programming as an important vocational skill, and celebrity endorsements going as far as the
president of the United States. In response to this demand, there has been a proliferation of new
programming languages and environments designed to teach programming to novice
programmers. In 2005, Kelleher and Pausch published a taxonomy of languages and
environments designed to teach programming, categorizing them in terms of how they sought to
assist learners. This article extends Kelleher and Pausch’s taxonomy to the current field of
pedagogical programming languages and environments. We use our review as an indicator of
which culture of programming is becoming more prevalent--shifts in the distribution of pedagogical
approaches point to changes within the culture of computing and to the changing role of computing
in the broader culture.

Despite these new tools and their many antecedents, it has always been hard to become a
proficient programmer. Programming is a literacy demanding skills at many levels, spanning
fluency with the symbols and syntax of programming languages, to practices such as structuring
programs and debugging, to socialization into the community of programmers and development
of a computational imagination. The earlier taxonomy defined programming narrowly, as “the act
of assembling a set of symbols representing computational actions,” allowing programmers to
“express their intentions to the computer” and “predict the behavior of the computer.” (p. 83) In the
past decade, as computing has become a dominant medium in education, entertainment,
journalism, and work, it has become more important to treat programming as a cultural practice,
and to differentiate the levels of skills needed to be literate in the medium. The following three
activities illustrate computational literacy at different levels:

= Writing a program to control your household thermostat.

= Hiring a programmer to change your newspaper’s commenting policy.

= Discussing the tradeoffs between freedom and security in a cyber security law.

The pedagogical tools to facilitate mastery of these activities will differ not just in methods, but also
in aims. A second goal of this article, therefore, is to taxonomize the components of computational
literacy, and to sort the tools for learning to program according to the (often implicit) computational
literacy activities they aim to teach their users. Framing teaching tools in terms of the forms of
literacy for which they provide affordances will allow us to critique the shallow vocationalism
underlying some efforts to “teach kids to code,” to identify projects that have the potential to be
socially transformative, and to suggest new directions for designers of educational programming
languages and environments.

Comparing Pedagogical Approaches: 2005-2016

Kelleher and Pausch’s taxonomy begins with a high-level division between “teaching systems,”
tools designed to serve as an intermediate step toward full-powered programming languages and
“‘empowering systems,” which aim to empower users directly, making full-powered languages
unnecessary. The taxonomy then divides and sub-divides domains of barriers to programming.
For example, most of the “teaching systems” address “mechanics of programming,” which is
divided into “expressing programs,” “structuring programs,” and “understanding program
execution.” The taxonomy then divides into groups of programs which take similar approaches to
removing or bypassing the barrier. For example, in addressing the challenge of “expressing
programs,” some tools “simplify the language,” while others "prevent syntax errors.” After
surveying the current field of languages and environments designed to teach programming, we
organized them using Kelleher and Pausch’s original taxonomy. The diagrams below show the
2005 taxonomy and its 2016 update. (See Appendix | for descriptions of the languages and
environments taxonomized.)
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Figure 3. Updated taxonomy (2016) (chrisproctor.net/fesearchteachinglanguages/2016)

127



Constructionism 2016 PAPERS Feb 1.5, Bangkok, Thailand

Comparing these two snapshots, with an interval of a decade, reveals similarities and some clear
shifts. Emphasis continues to be put on helping learners overcome (or circumvent) the mechanics
of programming; block-based programming remains a dominant paradigm for allowing users to
express programs using affordances which prevent the possibility of some classes of syntax
errors. In contrast, there are fewer efforts today to simplify the process of entering code by
simplifying the language or preventing syntax errors. This suggests that two dominant strategies
have emerged: teaching languages either avoid textual languages entirely, or engage with them
fully. Two other significant changes within the category of teaching systems are the growth of tools
that model program execution and the growth of social learning support. Over the last decade,
rich computer graphics have become much more pervasive; it is now technically easier to model
the execution of a program by animating blocks as they are executed, or by demonstrating the
effect of a program via an actor in a microworld. Similarly, with the increasing universality of
networked computers, it is much easier to incorporate social support for learning into a
programming environment. Components of identity such as race, gender, and language have
been identified as important factors in teaching programming, and sources of marginalization in
the dominant culture of programming; some efforts at teaching programming are explicitly focused
on supporting marginalized identities. One final trend to note in the category of teaching systems
is the use of gamification to provide a motivating context. Several projects repurpose familiar game
environments, such as the dungeon crawler role-playing game, so that the player scripts the
avatar’s actions rather than controlling them directly.

The other broad approach identified by Kelleher and Pausch, “empowering systems,” has
undergone even more significant shifts. General-purpose programming languages have become
more expressive, user-friendly, and designed to be easily learned--an important language
characteristic as the rate of technological change accelerates. One core task of any software
developer is keeping up to date with new paradigms, patterns, languages, and frameworks.
Consequently, there are now many more general-purpose programming languages included in
the taxonomy. The category of “activities enhanced by programming” has also grown dramatically.
The cultural activities of education, entertainment, and media production have all shifted toward
the digital medium; participation in these activities increasingly demands the ability not just to write
but to code. It is therefore not surprising that languages and environments designed to teach
people how to program would do so in the context of empowering them to participate in cultural
activities.

While Kelleher and Pausch’s taxonomy serves as a useful lens for broad generalizations across
time, this analysis would not be a strong basis for more specific comparisons. Partly this is due to
a lack of methodological precision: we are not confident that either taxonomy was an exhaustive
survey of the field. More fundamentally, we found that the taxonomy’s categories, as well as the
boundaries of its domain, are no longer stable. Three categories of ambiguity impede the task of
taxonomizing languages and environments designed to teach programming: First, as the field has
matured, new projects have multiple goals and draw on multiple strategies for making
programming more accessible. For example, Microsoft’s TouchDevelop provides a block-based
interface, allows the user to switch to a text-based interface, allows the user to specify functionality
with a graphical interface, dynamically points out syntactical errors, is focused on digital media
production (especially games), and has social sharing built into the development environment.
The decision of where to place TouchDevelop becomes quite arbitrary.

A second ambiguity lies in determining whether a programming language or environment is
primarily designed to make programming more accessible--either by acting as a “teaching system”
or as an “empowering system.” User interface, user experience, and explicit teaching have
become primary design consideration of many new programming languages. Yukihiro Matsumoto,
the designer of Ruby, described his central goals for the language as to "help every programmer
in the world to be productive, and to enjoy programming, and to be happy." (2008) Similarly, Guido
van Rossum, the creator of Python, wrote, "Our aim is provide tools to support users when they
are learning programming and when they are employing those skills in their homes and offices."
(1999) As these and other new general-purpose languages have become popular languages for
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teaching, it has become difficult to identify a distinct subset of programming tools which are
designed for teachability or accessibility.

Finally, as our dominant cultural medium has become computational and interactive, it has
become difficult to distinguish programming from non-programming. For example, Adobe
Photoshop can be viewed as a graphical user interface for composing matrix operations on a
raster of pixels; users can apply computational concepts such as saving a sequence of commands
for later use, defining new functions, and controlling the flow of data from one function to another.
It is possible to explicitly script Photoshop using one of several mainstream programming
languages. Should Photoshop be considered a programming environment? If so, similar cases
can be made for Microsoft Excel, Facebook, Twitter, email, all our apps, and many of the new
appliances we use at home and work ranging from photocopiers to Roombas to Internet-of-Things
light bulbs. Computational culture has gone mainstream and code is becoming a literacy. While
these shifts reduce the utility of Kelleher and Pausch’s taxonomy, they underscore the importance
of systems which make computation accessible, and therefore the need for making sense of how
tools can help.

A Taxonomy Based on Literacy Aims

The original taxonomy, which organized tools according to how they support learning
programming, depends on a definition of programming which is no longer adequate to describe
the range of cultural practices that now comprise our interactions with computational media. We
propose using DiSessa's analysis of the structure of literacy to recast programming as
computational literacy, and therefore as a means of bringing more specificity to what we mean by
teaching programming. DiSessa (2000) defines literacy as “a socially widespread deployment of
skills and capabilities in a context of material support (that is, an exercise of material intelligence)
to achieve valued intellectual ends.” (p. 19) DiSessa identifies three subsets of skills which
comprise literacy: First, the material pillar involves “external, materially-based signs, symbols,
depictions, or representations” which afford “particular modes of mediated thought.” (p. 6) When
we read, the written word mediates our thought, permitting us to grapple with substantial ideas,
provoking us to make undiscovered connections between ideas, and framing points of view,
among other functions. This array of mental capacities forms DiSessa’s second pillar, the cognitive
pillar of literacy. Finally, the social pillar names the social niches and genres (socially-constructed
patterns of meaning) which share a basis on a representational form. Socially-constructed text-
based meaning implies shared expectations for readership, authorship, context, and form.

We can identify computational activities that correspond to these pillars as well. For example,
writing a website or debugging a script primarily involve engagement with code, the basic material
form of computation. The cognitive pillar is dominant when we use computational thinking to
restructure a problem or develop a model of a situation. Similarly, collaborating on GitHub or
playing multiplayer online role-playing games are examples of computational literacy which
engage primarily with the social pillar. These three pillars enable a categorization of tools for
enabling computational literacy according to their literacy aims, or what they aim to enable users
to do. These aims may be explicitly stated or they may be implicitly present in the affordances
provided to users.

We can further refine our analysis by distinguishing between literacy aims which assume a
consumer role and those which assume a participant role. These roles correspond somewhat to
the practices of reading but not writing (consumer) and both reading and writing (participant).
However, critical reading goes beyond the more passive consumer role, while heavily-scripted
participation, lacking a mechanism for creating new meanings, can be most appropriately
identified as the consumer role. As with the three pillars of literacy, it will not be possible to draw
a clean line between consumer and participant roles; for example, the practice of copying and
pasting code written by others falls somewhere between consumer and participant. (Perkel, p.4)
Nevertheless, it is important to distinguish roughly between literacy aims which assume the
consumer role and the participant role. Promoting a more participatory "remix culture" or "read-
write culture” has been a central commitment of media activists such as Lawrence Lessig (2008,
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p. 28) and progressive educators whose goal is student empowerment. Drawing on the three
pillars of literacy, and the two broad literacy roles of consumer and participant, we can pose criteria
for a new taxonomy based on a tool's literacy aims:

= Material (Consumer): Does it aim to teach users how to interact with code? Does it provide
affordances for learning to interact with code?
= Material (Participant): Does it provide affordances for or serve as a tool for using code to
create new things?
= Cognitive (Consumer): Does it aim to develop recursive thinking, modularity and
abstraction, heuristics, or other "mental tools" from the field of Computer Science? (Wing
2006) Does it provide affordances for learning to think in terms of computation?
= Cognitive (Participant): Does it provide affordances for or serve as a tool for applying
computational thinking in original and personally-meaningful ways?
= Social (Consumer): Does it aim to teach users how to interact with computational artifacts
created by others, or provide affordances for doing so?
= Social (Participant): Does it provide affordances for or serve as a tool for personally-
meaningful computational expression? Does it support users in active, critical participation
in computation-based communities?
Using these guestions, we re-taxonomized the tools for teaching programming (now broadened
to include tools for enabling computational literacy); the results are presented in Figure 4. While
most of the tools engage most strongly with one literacy, many also have literacy aims spanning
more than one of the pillars.

The Future of Teaching Programming

This new taxonomy of the tools used for enabling computational literacy should be of use to both
users and designers. The new taxonomy allows users (both learners and teachers) to select tools
which are designed to support their own aims. The learning goals of a middle-school who wants
to dabble with programming will be very different from those of a business owner seeking new
ways to model the flow of her inventory, or a policy-maker who wants to consider how to apply
ethical frameworks to the digital domain.

Teachers can now ask of these tools the questions that are important for other pedagogical
curriculum and tools. Do they envision an empowered, participatory role for students? Is the social
vision embodied by the tool's affordances congruent with the goals of the teacher or the school?
For example, a programming curriculum which attends to nothing but the material pillar of literacy
will be just as incomplete as an English curriculum which focuses exclusively on mechanics and
which never offers students the opportunity to write anything they care about. In the field of
secondary English education, teaching grammar in a contextualized, constructivist manner is a
widely-accepted best practice. (Weaver, 1996, p.174-175) If this principle also hold when teaching
programming, it suggests that tools with literacy aims spanning multiple pillars will be most
effective.

One clear implication for designers of tools for enabling computational is the necessity of
considering the literacy aims to be supported. Many of the tools we analyzed in this study had no
clear explicit or implicit literacy aims; they do not ground user interaction in assumptions about
why the user is learning to program. This trend corresponds with the popular demand that children
should learn to program without a clear rationale for why children should learn to program, or with
vague justifications based on future employability.
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Tool Material Cognitive Social
Ruby

Python

Swift

Arduino

Excel

Code Avengers
TouchDevelop

Stride

Scratch

Adobe Creative Suite
Programmable Robots
Blockly

Snap!

MIT App Inventor
Lego Mindstorms
First Lego League
Sketchup

scriptr

MaKey MaKey
Processing

GitHub

Stack Overflow

Code Spells

Code Hero

Greenfoot
CodeHS

Code Combat
Khan Academy
CodeAcademy
CodeMonkey
LightBot
Minecraft
Pencilcode
GeoGebra

Robot Turtles

CS Unplugged
GameStar Mechanic
Internet of Things
Google Docs
OKCupid

Code Club

Made with Code

Figure 4. Tools for teaching programming organized by literacy aims
(Light colors indicate a consumer role; Dark colors indicate a participant role)
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Shifting the focus away from pedagogical tactics--strategies for supporting computational literacy-
-is not meant to suggest these are unimportant. Rather, this shift in focus suggests that this field
is maturing. A decade ago, many tools were developed to help users overcome a particular barrier
using a particular strategy. Today this remains an active field of research, but a set of dominant
strategies or best practices seems to be emerging. Most importantly, considering pedagogical
tactics in the context of a tool's aims allows designers to consider not just whether a pedagogical
strategy will be helpful, but whether it will be helpful toward a particular end. As our society shifts
toward a reliance on computation as a cultural medium, we will have to renegotiate what kind of
society we want to have and the roles we want to have in it; this is an opportunity to address
longstanding issues of marginalization and disempowerment. Designers of tools for interfacing
with this new medium have both the opportunity and the responsibility to be clear about the roles
for which they are preparing their users.

Appendix |: Notes on Tools for Teaching Programming

A table containing detailed notes on the programming languages and environments described in
this paper are available at http://chrisproctor.net/research/teachinglanguages, where interactive
versions of the visualizations included in this paper are also available.
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Abstract

The Inquiry Based Learning Project (Project ABInv) was developed with the objective to study the
implementation of an inquiry-based learning approach, so that teachers and students could be
engaged in "doing science", using features of the laptop in a 1-1 situation. The project was
developed in three public schools and the results described in this article refer to the work
developed in one of them. The project focuses on the professional development of teachers and
administrators, to enable them to be able to integrate the laptops using inquiry based pedagogy
across elementary school subjects.

The methodology used was action research. The university researchers worked with the teachers
to encourage and assist them so they could appropriate the laptops according to this new inquiry
based approach. It was an ongoing and in service training process which allowed the teachers to
continue to work with their students, implementing investigations and using these experiences to
debug theoretical and practical concepts about this pedagogic approach. The work developed by
the teacher in the classroom followed her lesson plan, although the questions to be investigated
were proposed and selected according to the interest of the students. To answer these questions
the students had to do experiments, document the results and, based on the results, to come up
with answers for the questions.

The results showed that students from first to fifth grade were able to perform investigations on
various topics. The first grades were interested in how Brazilian native Indians produced dyes to
paint their bodies, as shown in Figure 1a; second grades investigated the legs of the Tuiuil bird,
symbol of the Pantanal region — the fact that the legs bend backwards, different from humans, as
shown in Figure 1b; students from the third grade studied the environmental conditions necessary
to maintain an organism alive, such as the chrysanthemum plants (Figure 1c); fourth grades
investigated organic and inorganic garbage decomposition over time and in different conditions,
as Figure 1d; and students from the fifth grade were interested in the conditions for the growth of
different plants, particularly bean, lettuce and onion seeds. They did a pilot experiment on the
growth of beans (Figure 1e) to determine which type of soil was most adequate to use in their
investigation.

Figurela. Figure 1b.The Figure 1c. Figure 1d. Figure le.
Testing dye Tuiuid bird Chrysanthemum Garbage Growth of beans
fixation on skin s plant studied decomposition

The Project promoted the development of the inquiry based learning approach, using the laptop’s
resources in different situations. It had a great impact on the teachers, students and the school
community. Also it allowed the team of university researchers to work with schools and deeper
their understanding about the use of technologies in a very innovate situation.

Keywords
Educational technologies; Inquiry-based education; ICT; Elementary school
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Introduction

The idea behind the Inquiry Based Learning Project (Projeto Aprendizagem Baseada na
Investigacdo — Projeto ABInv) came out of two situations that occurred almost simultaneously,
although in distinct contexts. One was a literature review of the use of laptops in education when
| found a document based on an interview with Alan Kay, the first researcher to propose, in 1968,
that each child should have his/her own computer. Although Kay made this proposal before there
even existed the idea of personal computers, when laptops finally began to be placed in the hands
of students in the early 2000’s, Kay pointed out that, different from what was anticipated, the
resources available in these devices were not being used by the students to do science. Rather,
they ware being utilized in a context in which the students continued to be taught about science.
Students were not being given the opportunity to deal with uncertainties, with questioning, nor with
incomplete or imprecise models, which could be debugged with the help of technologies,
classmates, teachers or specialists. (The Book and the Computer, 2002). In general, the
computers were being used to access already confirmed facts in order to reproduce, in large part,
that which had already been accomplished with paper and pencil. This assertion is reaffirmed by
various studies related to the implementation of laptops in several schools (Valente, 2011).

The other situation occurred when visiting schools that were incorporating laptops into their
classrooms. When the teachers and students were asked about how they were using the
technologies, in general, their response was that they were using the laptops to “do research”. In
fact, on observation of what was really going on, “doing research” meant using Google to search
for information on the internet or in some data base. This use of computational resources is no
different than that which was identified in other studies of 1-1 laptop implementation settings. For
example, the evaluation of the “School, Teacher and Portable Computers Initiative” (“Iniciativa
Escola, Professores e Computadores Portateis”) in Portugal, the most highly utilized resource in
the portable devices were the search engines, 88.7% of use, more than any other software or
resource in the laptop (Ramos, et al, 2009).

In this way, Project ABInv was proposed in the context of the schools participating in the One
Computer for Student Project (Projeto Um Computador por Aluno - Projeto UCA) (Valente &
Martins, 2012), through the Nucleus of Informatics Applied to Education (Nucleo de Informatica
Aplicada a Educacédo - NIED) of the State University of Campinas (Universidade Estadual de
Campinas - UNICAMP), with the intention of creating the conditions for the students to utilize the
laptops to develop activities devoted to “doing science”, and, thereby, taking a step beyond the
phase of simply studying scientific facts.

What is meant by inquiry based learning ?

The term, “inquiry based education” has primarily been used in the context of teaching science.
Ramos, Giannella and Struchiner (2009) analyzed academic studies in the field of science
education which adopt Design-based research (DBR) methodology for the development of
educational environments mediated by information and communication technologies (ICT). The
authors observed that “The theoretical construct most commonly adopted as a basis for these
studies and to lead the development of the educational interventions was inquiry based
education”. Furthermore, according to the authors:

“...the approach of inquiry based education is founded in the philosophy of John
Dewey, which assumes that the child’s curiosity is the starting point for the learning
process. ...and when put into practice, it includes a series of steps including
‘formulating authentic and significant questions, planning tasks, collecting resources
and information’ (Krajcik, 2002, p. 411)". (Ramos, Giannella & Struchiner, 2009).

The results observed by Ramos, Giannella and Struchiner (2009) are in agreement with the work
of Littleton, Scanlon and Sharples (2012), editors of the book, “Orchestration Inquiry Learning”,
which is dedicated to the elaboration of theories and practical examples of inquiry learning. Among
the various definitions of inquiry learning presented in this book, the one that is utilized by the
National Science Foundation is most closely aligned with the work of Project ABInv:
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“Inquiry-based learning involves a process of exploring the natural and material world,
and that leads to asking questions, making discoveries, gathering data to answer
guestions, and rigorously testing those discoveries in the search for new
understanding.”(Scanlon, Anastapoulou & Kerawalla, 2012, p. 8)

Another aspect that is noteworthy in the work of Ramos, Giannella and Struchiner (2009) is the
fact that inquiry methodology is usually restricted to the area of science. In fact, as shown by
Bagno (2010), investigation can be used in all fields, including language, art, history, and math. In
addition, investigation does not have to be restricted to a particular class or to a specific grade,
but can involve the entire school, a class, a group of students, or even an individual student.

Project methodology

The objective of Project ABInv was to help implement the inquiry based learning approach in
several schools participating in the Projeto UCA, and to study the impact of this new approach on
the use of the laptops, on the curricular activities, and on the students’ education. The project
focused specifically on the professional development of teachers and administrators, enabling
them to integrate the laptops using inquiry based pedagogy in all the elementary school subjects.

The methodology used in this study was action research, a type of social research based on the
observation of phenomena associated with actions and problem solving. It incorporates the
researcher as an active participant, one who is involved with the subjects in a collaborative and
participative fashion (Thiollent, 2004). The researchers worked with the teachers and students to
define the thematic proposals for the development of the investigations based upon the school
curriculum. The role of the researchers was, primarily, to encourage and assist the teachers’
development so that they could adopt a creative and pedagogic view of the appropriation of the
laptops according to this new inquiry based approach.

The Project ABInv was developed in three schools in the State of S&o Paulo and two schools in
the State of Para. The following schools participated from Séao Paulo State: EMEF Elza Maria
Pellegrini de Aguiar, located in the Parque D. Pedro Il neighborhood in Campinas (SP); EMEF Dr.
Airton Policarpo, located in the municipality of Pedreira (SP); and EMEF José Benigo Gomes,
located in the municipality of Sud Mennucci (SP) in the Bandeirantes D'Oeste district.

The Project began in September of 2011. The computational infrastructure related to the
development of the Projeto UCA, including servers and wireless network, had already been
implemented. The schools had already received the laptops dedicated for use by the students and
teachers. The teachers had already been trained in how to use the laptops through a capacity
building course that was given by the NIED/UNICAMP researchers, together with the
professionals from the Nucleus of Educational Technology (Nucleo de Tecnologia Educacionais -
NTE) of the city of Campinas (Valente & Martins, 2012).

The professional development of the administrators and teachers related to Project ABInv was
ongoing and in service, thus allowing for the teachers to continue to work with their students,
implementing investigations and using these experiences to debug theoretical and practical
concepts about this pedagogic approach. The details of this process of professional development
have been documented by Baranauskas e Martins (2014).

The first activity consisted of a seminar in which the Project ABInv was presented to all of the
teachers and administrators from the three schools. Subsequently, the teachers and
administrators were free to choose if they wanted to participate or not. Each school was assigned
a researcher from the University to support the professional development and elaborate the
activities in the school.

The professional development process began with an