l.‘.-

DOODODODODOD5355553>5>>>
Quantum Computing

and the Future of ICT

Teachingearning module20 August2019

Elina Palmgren, Antti Laherto, Kimmo Tuominen and
Tuomas Puranen University ¢ Helsinki, Finland

Tiina Rantaaho, Johanna Jauhiainen and

j Timo Karkkainer Helsinki Normal Lyceum, Finland

The project is co-funded by the Erasmus+ Programme of the European
It's VOUF timeto irnagine the fUtUFES Union. Grant Agreement n®2016-1-1T02-KAZ01-024373.



) SEE

It's your time to imagine the futures

Overview of theModule

This module aims to devel op ughnking skilss imagmatianragd s c h o
agencywith regard tosocietal issues in the context of quantum computing and the future of TGd.

duration of the full module is ca. 20 teaching hours, but it consists of distinct actjwitiésh can also be

applied individually to teach separatelyabout computers, guantum mechanics systens thinking, and
scenaridbuilding

Students learn aboutte historical development of computing, its connection to societal development, and

the complexity of predicting the technological futurBy sudying different numeral systemdogical
operations,algorithmsand hardware componenjstudents preparéghemselvesto make the fundamental

shift incomputing paradigm antb replacebitswith qubits.L ear ni ng quantum propert
first” approach pav eaguantuim algosittamg anfl tharebythmgberior somputind i n g
power andfuture opportunities offered by quantum computers.

Throughout the module,tadents work ontheir “future projects on a complex topic of their choic&o
facilitat e ssolundthay tagy outpativitiéslineneative thinking, defining and mappigg t
problem, systems thinkingnd scenario buildingthey employ three different ways of futurésinking to
develop a variety of scenarioét the end of the module, students present their projeetse. their ICT
based solution to a societal issu@ising theempowering backcasti ng” met hod.
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TheTimetableof the FirstFinnishModule Implementation

Lecture: The history, present and future of ICT Introduction to quantum mechanics
Getting to know each other Quantum exercises
Starting the course projects Defining a problem & systesthinking

Creative thinking

Electroni compuer

Information as bits Quantum computing
Deutschs algorithm
Scenarios

Components of a computer Backcasting

Operations of a computer
Algorithms
Algorithms: live demo Welcoming words

Back to the future Presentatims of the final projects

Activitiesin the Overall Module Structure
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Most of the activities in this module are in more than one activity category. Only the primary categories are
presented in this picture.
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Pre-Essay Before the Implementation

If the teacher wishesthey may givestudentsa pre-assignmentin whichstudentsare asked to write an
essay about a summer day in 2035 (or another year abo@EAears from now). The aim of the assignment
is to makestudents assumptions, hopes and fears atbdhe future explicit

Inthe Back to the Futurand/or Backcastin@ctivities students are guidetb revise theipreviously written
future visions in light othe new knowledge and perspectivesquired during the moduleand see how
their ideas havehanged.

The assignment can be found hdreord & pdf).

www.iseeproject.eu 5 @
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ACTIVITY: Overview lecture
The History, Present andFuture of ICT

Position in the module
Epistemological
knowledge
& practice
5 ’
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practice knowledge
This activity consists of an overview lecture on the topics oah@dIquantum computing
The lecture aim$o introduce the conceptual and epistemological knowledge that wil
developed and deepened in the module.
The lecture introduces the evolution of ICT and computing power throughout history
speculateson their possible future development. It guidetidents to contemplate thei
own attitude towards technology and shows alternative ways of seeing it. The ad
provides a good opportunity to discuss the role of technology in chamgingpciety and
working life. Quantum computing is introduced aspassible future step in the
progression of ICT and computing power.
conceptualepistemological
9 to begin to understand the role of ICT in society
Goals i to get an overview of technological developmeémnthistory
i to begin to get an idea of what quantumethanics and quantum computing
mean
1 tolearn to identify prevalent assumptions and paradigms about working lif¢
our society
1 to move from the idea of a single future to the ideaagdlurality of futures
social/emotional
1 to learn to face the future morepenmindedly
1 to broaden onés imagination about the future ahe job market and working
life
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1 to begin tobroaden onésimagination about possible future STEM careers

Time required

About 45 min for the lecture + 15 min for discussion

Materials

We encourage the teacher weatetheir own slides and build the lecture from scratc
This way the end resultill be more authentic.

The activity is a good opportunity to ask an expert (e.g. a researcher) to give the le
They can be asked twrgansethe lecture as they wish, keeping in mjrtbwever the
importance ofengaginghe students during the presentation

A good overview lecture introducegfor examplethe following topics:

What does “computing” mean?

How has computing power evolved ovene?

Pros and cons of technological development

IsTechnologygood or bad per se?

How has technological development affected the job mark&ft?at possible
changes wilthere be in the future?

Is the change in the job market good or bad per se?

What is quatum mechanics?

What is quantum computing?

What could be the implication@or the job market, societyetc.) of developing
quantum computing technology in the future?

[ - et eI et e

[ eI et e N

Teaching methods

Interactive lecture

Small group discussions cafsobe used to makéhe lesson morengaging

Other notes

In the firstFinnishl SEE module implementations, the overview lecture was arrange
an expert lectureThe experts were researchers in computer science.

www.iseeproject.eu
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ACTIVITY 2: Introduction to Futures Thinking

Positon in the module

Encountering with the
focal issue

Epistemological
knowledge
& practice
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Conceptual
knowledge

Inquiry
practice

The activity serves as a light introduction to the field of Futures Studies and the thi
used in that field. In the activity, students respond to a test about their assumptions ¢
thefuture. St dent s’ responses are discussed
be thoughtof in multiple different ways, and why some assumptions may be m
effective than others in understanding, anticipating and influencing the future.

Goals

conceptual

to identify the key ideas and approaches in Futures Studies

to identify the assumptions commonly employed in Futures Studies to
anticipate futures

to understand the plurality and complexity of futures

to understand the difference between prediction and afpiation

1
1
1
1
epistemological

1 to understand the fundamental role of assumptions in forecasting

T to identify and question one’s as

social/emotional

to evoke interest in Futures Studies and futures thinking

to motivate students to develp their futures thinking andb conceie
alternative plausible futures with their peers

1 to motivate students to prepare themselves for the future by developing
alternative scenarios

f
f
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1 to empower students with the idea that the multiplicity and indeterminady
the future gives us rooro influenceit

Time required

30-40 minutes

Materials

The activityuses aradapted versionof The Futuri st Qui z” d
Bishop and available at teachthefuture.org.

The adapted version of the Quiz cairisthe following questions and their multiple
choice options:

1. Can we know the future? (yes/no)

2. Are there one or many futures? (one/many)

3. What is the longesperiodthat we can usefully forecast?-@lyears/35
years/510 years/1625 years/more than 25 ya@s)

4. Is the future already determined? (yes/no)

5. Which influences the lonterm future the most? (Trends/Events/Choice/Al
influence the future equally)

6. Which influences the lonterm future the most?
(Demographics/Environment/Technology/ Economy/Govern&tagure/All
influence the future equally)

7. Which is the most serious cause of forecasting errors? (Lack of
i nformation/ The forecaster’'s ass

8. Telling stories about possible b
know/Disagree)

Teaching methods

The Futurist Quiz

Students are firsasked to respond to albf the multiple-choice questions (see
Materials) using an online voting system such as Mentimeter, Socrative or Presem
They can discussnongthemselveswhile respondingbut all students should send the
individual responses.

Discussing results

After all students have finished responding, the teacher goes through e questions
revealing student s’ reetsipmer.s e St wahentg
anonymousput the teacher can ask volue¢rsto explain and rationade their response.
The eacher should stress that the quiz is about assumptions and there are no V|
answers, but still the field of Futures Studies considers some assumptions more eff
than others in understanding, anticipating and influencing the future. The teacher (¢
examples and encourages the studentstone up withtheir own arguments.

www.iseeproject.eu
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Tips for teachers from
previous classroom
experiences

Thisactivity has worked well. The teher has to be sensitive and careful not to judge
students’ views. The students may not
in the moduleparticularlya s t hey don’ ttheother gslents yet. | y

Other notes

The activityuses aradapted versionof The Futuri st Qui z” d
Bishop and available at teachthefuture.org.

www.iseeproject.eu
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ACTIVITY:JFuture Projects

Position in the module

Action competence
activities

Futureoriented
activities

Encounteringwith the
focalissue

Epistemological
knowledge
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Inquiry Conceptual
practice knowledge

The future projects activity is planned to run through the whole module. TH
instructions are meant to be given to students at the beginning of the module so the
start to think of interesting topics and applications right away. During the utgdhe
teacher supportghe students in doing the projects that are presented and commen
on at the end of the module.

In this activity, students are given the overviefthe phases offuture projects. Trese
will form acommon threador the whole module. Next, they are asked to choose a to
they are interested in. After the activity, the teacher waillt the students into groups o
about four according to their interests.

Goals

conceptual

1 to recognse the steps of defining a problem
1 to becomeacquainted withthe basics of scenario building

epistemological

i to get an overview of the epistemic process of approaching a problem with
complex system

social/emotional

to focus on a topic which is personally relevant
to start thinking about perscel andprofessional visions of the future and the
relatedness

 tostartreals ng one

f
f

s 0 taking grton te changeahe fuiure
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T to start developing ownership of

Time required

20-30 minutes

Materials

Slides(ppt & pdf)

The lesson and slides consist of two pafrisases of Future Projegand s The
part contains instructionfors t udent s’ i ndividual W

Topicsprintout (word & pdf)

Students are asked to write down topics they are interested in. The teacher may us
printout to collect the topics for grouping the students.

Teaching methods

Lecture

The teacher should introduce the pbes of the'future project’ and sudentsshould be
given a chace to ask questions

Phases of Future Projects

Topics and forming groups
Defining the problem

Mapping the system

Developing scenarios

Backcasting

Preparing presentations and videos
Presentinghe projects

Nogog,rwbdE

Individual work

Students are asked to choose topics that interest them. Ideally, students do this al
and not together with their friends. In the optimal case, student groups are as
inhomogeneous as possible, and based only orsthdents genuine interests.

Instructions to students:

A Choose a topic
o ... which involves general challenges, problems, big questions
0 ... which interests you.

A Write it down on a piece of paper.

A We will form groups according to your interests.
o Groups of four.

After collecting thecompletedtopic papers, the teacher groups the students based
their interests. If there are some students who do not have anything in common
others, then the teacher muspeakwith those students and let them choose a group
join based on the topics of the groups.

www.iseeproject.eu
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Tips for teachers from
previous classroom
experiences

It might be difficult for students to connect quantum computing to their projects. Th
teacher should encourage them to choose topics related to quantum conmguiin at
least ICT.

Other notes

This activity forms aommon thread for the whole modulend because of thishé

activity should take placat the very beginning of the implementation. The rationale
behind this solution is that all futurscaffoldirg and action competence skills are mos
effectively studied in the context of

www.iseeproject.eu
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ACTIVIT¥: Basics of Creative Thinking

Futureoriented
activities

Position in the module

Epistemological
knowledge
& practice
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Inquiry

Conceptual
practice

knowledge

This activity highlights the importance ofreativity in futures thinking and actio
competence. It shows how even experts struggle in predicting the future and why
and formal ways of thinking often lead to bad predictions. The aim is to encou
students to use their imagination and to ldobnto their dreams and creativity.

At the beginning of the activity, three components of creativity are introduced: exper
motivation, and creative thinking skills. The paradoxes of creative work are discusse
old, incorrect predictions contemplged. The predictions are chosen from the field
technology and theyalso connectthe activity to technological development. Final
students are introducedo some blocks and blockbusters to creativity and askec
rethink their own future scenarios. Kig this new, more opeminded perspective tg
their “future projects, they may see new possibilities in their own scenarios.

Goals

conceptual

to identify the key concepts and components of creative thinking

to identify the blocks and blockbusters toeativity (also in their own thinking
to recognsge the role of assumptions and values behind predictions

to understand that making predictions is difficult even for experts

to move from the idea of a single future to the ideaagdlurality of futures

= =4 —a —a -

epistemological

1 tolearn to point out how all thinking (incl. scientific) and predictions are ba
on assumptions, values and cultufattors

i toidentify assumptions

www.iseeproject.eu
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9 to practise creative thinking methodis making predictions within their own
topic

sodal/emotional

9 to practise groupwork in creative thinking
i to broadentheir imagination about the chosen topic of interest

Time required

3045 minutes

Materials

Slides(ppt & pdf)

The lesson and slides consist of four patiszative Thinking
; Making PredictionsandBlocks and Blockbusters to Creativityhe partBlocks
and Blockbusters to Creativiglsocontainsthe instructionsfor the groupwork.

Teaching methods

Interactive lecture
The discussion on the contents of the lesson is fostered by the teacher.

In the parts andBlocks and Blockbusters to Creatiyitlye
teacher should introduce different sides of the phenomendailitate a comparison of
the different points of view, and let students contemplate the information freely.

Groupwork

At the end of the lesson, students are asked to consider their'ovinut ur e inpr
the light of whatthey have learntStudents can follow the whole lessanthe project
groups. If the groups have not been formed yet, students need to bepgainto
project teams at this poinat the latest

Instructions to students:
Think about your own topic and problem in it:

What assumptions do you find? Question them!

Are thereanyrules? Can you break them?

What kind of relatioshipis there between loig and intuition?

Is thereafear of failure inyour solutions? Could you take more risks?

f
f
f
f

Tips for teachers from
previous classroom
experiences

Asthe teacheris aware of the topics studentsavechosen for their projecs, they can
help students irthe groupwork discussion asking questionto help studentgso
develop their ideas.

Other notes

1 If the module needs to be shortened, this activity can be omitted. The purp
of the activity is to support stu
devdoping their* f ut ur e, bptit may &ecenasidgh to do it implicitly by
inspirational supervision when students work on their projects.

www.iseeproject.eu
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1 The ideas presented in this activity deal with basic and commdmtgues of
creative thinking that some teachersid students may alreadyavestudied
elsewhere.

www.iseeproject.eu 16 @
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ACTIVIT®: Electronic Computing

Position in the module

Bridge between science
ideasand future

Epistemological
knowledge
& practice

. ’

N

Inquiry Conceptual
practice knowledge

In this activity, students familisge themselveswith the historical development o
computing. Theim is to show how rapid the development has been and help ther
reflect this knowledgén their scenarios ofhe technological future. It is also highlighte
how the development of computing has been connected witle development of
society.

The mainpart of the activity is the video o€rash Course Computer Scieabeut
electronic computing. It tells the history of computing technology from elec
mechanical relays to vacuum tubes and transistors. Because ofthbe-current
technology classical caputers use two statesto express information.

Goals

conceptual

1 to becomefamiliar with the history of computing and computing technologie

1 to understand the connection of computing technology dhd use of the
binary system in computing

i tolearn torecognse computers and computdrased devices in everyday life

9 to getto know some of the applications of modern computing and to
understandtheir enormous implications for our lives

epistemological

9 to realise the power computing gives to science andginesses
T to get to know computers’ usage i

www.iseeproject.eu
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social/emotional

i to broadenone'simagination abouthe possibilities for the future
development of ICT

1 to broadenone'simagination about possible future STEM careers in physic
and dectronics

Time required 1 Altogether 3045 min
T The video’s |l ength is 10 min 43 s

Slides(ppt & pdf)

The slides consist of four partsiodern Computeyr

Materials Electronic ComputerandDigital Computer
Video
In the part of the slides, theg is a link to the video:

Electronic Computing: Crash Course Computer Science #2:
https://youtu.be/L NOuckKNX0hc

Small group discussions

) The partModern Computeican be used for small groupsdussionstékesabout 10
Teaching methods | pinutes). Students are asked to thiakoutwhat a computer is in their opinion:

1 Whatis a computer?
I What counts as a computer (i.e. what can be called a computer)?
I Where are computers used in our society?

After small group disasions, the ideas of the groups ardleoted and discussed
together.

Interactive lecture

In the part pwatch the videdelectronic Computing:
Crash Course Computer Sciencéofiether. Students are asked to pay attention to
computers’

size

speed
users
applications

= —a —a 8

Their observations should be dissed after watching the video.

In the partElectronic Computeithe teacher goes through some applications of
electronic computers. On the slidethere are some examples (moldar simulations,

www.iseeproject.eu 18 @
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genetics, medicine, mobile phones) of the fields and devices that make use of
computers. The teacher matsochoose their om topics and applications here.

9 This activitybridgesthe past andpresent,andleads towards futureoriented
Tips for teachers from activities
previous .classroom 1 Before teaching, remember to check the availabilitghef links and videos you
éxperiences are going to use.
1 To make the lesson moengagingthe teacher may split the time into-80
min periods withstudent discussions.
videos:
N 1 Computers in societyhttps://youtu.be/O5nskjZ_Gol
Additional resources { Applications of computersttps://youtu.be/ac7 T3ocg9gk
1 Highperformance computing in sciencettps://youtu.be/VggN94Bdvak
1 High performance computing in busineb#tps://youtu.be/A_i5kOIlj_UU

other resources:

f

f
f

History of compiter science:

https://en.wikipedia.org/wiki/History of computer_science

History of computinghttps://en.wikipedia.ag/wiki/History of computing
History of computing hardware:

https://en.wikipedia.org/wiki/History of computing_hardware

Other notes

Electronics is not a central topic of theodule. If the teacher wants to shorter|
the module, the ectronics part can be dropped. However, learning the bas
ideaof bitsandthe binary systenis essential for the rest of the module.

In this activity, it would be beneficial to highlight the sfgrsince of computers
in our society and the role they have had in history. This point can also be
connected to the future development of society.

www.iseeproject.eu
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https://youtu.be/O5nskjZ_GoI
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https://en.wikipedia.org/wiki/History_of_computing
https://en.wikipedia.org/wiki/History_of_computing_hardware
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ACTIVIT®: Information as Bts

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

Thisactivity introduces the idea of different numeral systems. Earlier, students learnt
computers use binary numbgin presenting information. Now they are asked to ma
the leap from the customary decimal numeral system to the binary numeral system
shift givesthemthea bi | ity to “think | ike a com
the logic of qubits later on.

At the beginning of the activity, the basic idea of numeral systems is introduced. Stu
are used to the decimal numeral system that is taken asxamgle system. After thig
the binary numeral system is introduced, and conversions from decimal to binary,
vice versa) and basic algebraic operations on binary numbers are taught. After the |
students get to practe the conversionand calculabns by themselves.

Goals

conceptual
i to understand the concept of a numeral system
1 tolearn to convert numbers from the decimal system to the binary system,

vice versa
1 tolearn to make the basic algebraic operations with binary numbers
i to understand the amount of information presented by bits
epistemological

9 to shifton€'sthinking from the customary decimal numeral system to the
binary system, and to understand that they are just ways of representing
numbers

www.iseeproject.eu
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Time required

1 Going through thenaterial (and possible additional examples of algebraic
operations) take 45-60 min
1 Doingbinary exercises takes another-88 min

Materials

Slides(ppt & pdf)

The lesson consists of four parts=cimal Numeral Systera /|
Arithmetic Operations in BinanandAmount of Information in Bits

Brercises
Printout: BinaryExercisegword & pdf)
The exercises covéhe following topics:

1 Binary numeral systeneonversions from binary to decimal and from decima
to binary
Addition and subtraction

1
1 Multiplicationand division

Teaching methods

Interactive lecture

The discussion on the contents of the lessora@ifated by the teacher. Optimally, the
teacher could show more examples of operationsrtigprovided in the slides.

Exercises

Students maylo exercises either individually or in groups. The exerassscontain
instructions fordoingthe required calclations. The correct answers can be found at
end of the printout.

Tips for teachers from
previous classroom
experiences

The timethe exercisegake can varyconsiderably The teacher should be prepared to
give some additional exercises for the statiewhoprogresdast. It is also good if the
teacher hasomeadditional help(an assistantjo supportthe more slowly progressing
students.

Additional resources

videos

1 Boolean logichttps://youtu.be/gl-gXk7XojA
1 Binary system & algebraic operatioimtps://youtu.be/1GSjbWt0cOM

other resources:

1 Binary numbershttps://en.wikipedia.org/wiki/Binary _numbe

www.iseeproject.eu
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https://en.wikipedia.org/wiki/Binary_number
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Other notes

The module can be shortened by cuttingt@ome of the electronics activities. If this
activity is omitted, the binary numeral system and the conversions betweebinary

and decimabystens have to be discussed elsewhere, as theyiamgortant later on in
the module.
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ACTIVITY: Components of a @mputer

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

As students may be more familiar with mobile phones, tablets, and laptops, they i
see a computer as a blabox; both the inner logic artie components can be unfamilig
to them. The goal of this activity is to shastudentswhat is inside a computera
computer has macroscopic parts that can be handled.

Ideally, students get to open up desktop computers igmiselves, andt the same time
the teacher alksabout the purpose of the main components. The activity can alsq
implemented so that only the teacher opens up a computer and studtatisv, or by
watching a video.

conceptual

I to get to know vihat kind of components there are inside a computer

9 to understand that a computer is not a black box

9 to becomefamiliar with the basic functiosof a motherboard, a CPU, RAM,
expansion cards, a power supply unit, an optical disc drive, and a hard dis
drive

Goals

social/emotional

i to raise interest in electronics
I to make computers as devices more accessible
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Time required

The time required depends on how the activityngplemented.

1 If students get to opemnip computers by themselves or in small groupgny
of time should be reserved for the activity, sky.5 hours

1 If the teacher opensip a computer and introduces the components to
students, the time requirement i80-60 min(depending on how detailedn
introduction the teacher wants to give f@achcomponent).

1 If only a video clip of openingp a computer is watched together in the class
the time needed is onlyhe length of the video + 20 mifor discussion.

Materials

Slides(ppt & pdf)

The slides begin by focusing thre Modern (Desktop) Computeand an overview of its
[The rest of the slides introdudhe

Motherboard

Processor

RandomAccess Memory (RAM)
Expansion Cards

Power Supply

Optical Disc Drive

Hard Drive

E R I I

Computers

In the optimal situation, students get to open up old desktop computers. For this th
should be @e old computetthat isno longerused for eactstudent/group.

Video

Components of a conoer: https://youtu.be/4eNTIlwnnhss

There are plenty of alternative videos about the components available on YouTube
teacher may choose the one they like best.

Teaching methods

Option 1: Groupwork

Students get to openp computers by themselves or in small groups. The teacher a
them to find and detach certain components and explains their function.

Option 2: Demostration
The teacher opengp a computer and introduces the components to students.
Option 3: Video & discussion

A video clip of openingp a computer is watched together. The content should be
discussed afterwards and perhaps sumrsadiby going throughhte slides.

www.iseeproject.eu
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Tips for teachers from
previous classroom
experiences

1 Some students may be familiar with the components of a computer, and s
students may have opened up computers before. On the other hand, for sc
students everythingn the lesson cabe new. This imbalance should be
somehow addressed.

1 The teacher needs to tell students to stop working with the computers whil
the components are introduced. Otherwise, it can be difficult for them to fo
on the teaching.

Additional resources

videos:

1 CPUhttps:/lyoutu.be/FZGugFgdr60
T RAM:https://lyoutu.be/fpnE6UATbtU

other resources:

1 Computer hardwarehttps://en.wikipedia.org/wiki/Computer _hardware

Other notes

This activity is not essential for the rest of the module. The idea is only to demonst
the electronic side of computers and make them more approachable to students.

www.iseeproject.eu
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ACTIVIT8: Operations of aComputer

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

Earlier students have learnt about basic computing technology: that compuy
functioning reles on transistors and because of that they use binary numbers to pre
information. This activity shows how we get from individual transistors to logic gates,
can buitl up circuits that perfom more complicated operations.

The activity starts by introducing the basic idea of transistors as electronic switche
then shown how log@i gates can be built by combining transistors. The logical opera
TRUE, AND, OR, NOT, and XOR are introduced. As examples of logitharbalfsand
full adders are introducedTo make a connection tthe higher functionality of &
comput er and@mpltBsUriost basic logic iecapped

conceptual

to becomefamiliar with the basics of the functioning of transistors

to becomefamiliar with Boolean logiand learn to use truth tables

to learnto make truth tables for logic gates

to understand the function of the logic gates AND, OR, NOT, and XOR
to understandthe ideaof how the basic logic operations build up the
complicated functioning of a computer

Goals

= =4 —a —a 9

epistemological

i to practise logical reasoning and argumentation
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Time required

45-60 min

Slides(ppt & pdf)

The dides consist of four partSiransistors :d ogic CircuitsandCentral

Materials Processing Unit
Optional demonstration equipment
If possible, the teacher could introduce some real electronic components (edlyec
transistors) to students.
Interactive lecture
_ Discussion on the contents of the lessondsifitatedby the teacher. Some video clips
Teachingmethods | and demonstrations may be used neake the lesson more versatile.

Optimally, the teacher could show more examples of operatibas is provided in the
slides.

Tips for teachers from
previous classroom
experiences

It is important tocheck thatstudentsrememberhow binarysums are calculated.

Additional resources

videos:

1 Transistorshttps://youtu.be/7ukDKVHnac4

1 Water analogy for a transistor:
https://www.youtube.com/watch?v=8f3I8KaVcBg

1 Boolean logic and logic gatdgtps://youtu.be/gl-gXk7XojA

1 How computers calculatéattps://youtu.be/115ZMmrOfnA

other resources:

1 Boolean algebrahttps://en.wikipedia.org/wiki/Boolean_algebra

Logt gateshttps://en.wikipedia.org/wiki/Logic_gate

1 Processor 1http://www.righto.com/2017/03/insidevintage 7418l-alu-chip-
how-it.html

1 Processor 2http://www.righto.com/2017/01/die-photosandreverse
engineering.html

=
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https://iseeproject.eu/wp-content/uploads/2019/08/ACT_8_Operations_of_a_computer.pptx
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https://youtu.be/7ukDKVHnac4
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https://en.wikipedia.org/wiki/Logic_gate
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Other notes

The aim of introducing logic gates and citsus to prepare students for algorithmic
thinking. In Finland, some students may have encountered Boolean algebra
mathematicscoursesbut it is not likely that they would know more than the very

basicsA nore thorough understanding of logic gateshié essential in the quantum
computing part of the module.
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ACTIVIT®: Algorithms

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Conceptual
knowledge

Inquiry
practice

This activity introduces the basic idea of algorithms through a couple of exercig
illustrates the simple logicht computers use in solving problems. Té@nnection
between the most basic logic of logic gates ahé higher level functionality of &
computer is made clear by examinisgmebasic examples of algorithms.

At the beginning of the activity, algorithmseaintroduced as recipes given to a comput
After the short introduction, students get to play two games that illustrate the ide
algorithms. The titactoe exercise shows how a computer plays the game.

battleships exercise demonstrates three di#int search m#hods that computers often
use.

Goals

conceptual

9 to understand the concept of an algorithm
i tounderstandd he i dea of a computer
1 to becomefamiliar with some simple search algorithms

s | o

social/emotional

 to raise interest in electronics and related careers

Time required

45-60 min

www.iseeproject.eu
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Materials

Slides(ppt & pdf)
The slides consist of three partsigorithms ; andBattleships
Printouts

1 IntelligentPaper(tic-tac-toe; word & pdf)

1 BattleshipsSearchingAlgorithms(pdf)

0 pansA Linear Searching Game, A Binary Searching Gamdé
Search Game using Hashing

The printouts contain the instructions giudents for playing the games.

Teaching methods

Interactive lecture

At the beginning of the lecture, the teacher introdudbs basic idea of algorithms.
Demonstrations or vides mayalsobe used in doing this.

Games

Students are orgaeed into pairs for playing the games.

Instructions to students:
Let ' s -tgoloairypaits.i c

A One of you play normally.
A The otter plays according to the instructions on the paper.

Can you play not thinkingboutyour moves?
Canyou play not knwing the rules?
Battleships

The instructions for playintpe game are in the printouts.

Tips for teachers from
previous classroom
expeliences

1 The time playing the games (especially Battleships) cancearsiderably The
teacher should be prepared to give some additional exercises for the stude
who finish the games quickly

1 Some of the students may have a lot of programming experiandefor them
the activity can even be frustrating. There are numerous good games and
activities about algorithms available on the internet. If the teacher knows
beforehand that there are students who are advanced in programming and
algorithmic thinking, ltey are encouraged to collect some additional materig
for those students.

www.iseeproject.eu
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https://iseeproject.eu/wp-content/uploads/2019/08/ACT_9_Battleships-Searching-Algorithms.pdf
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videos
1 simple algorithms 1https://youtu.be/I260aHV7D40
1 simple algorithms 2attps://youtu.be/rL8X2mINHPM

Additional resources

other resources:
1 Algorithms:https://en.wikipedia.org/wiki/Algorithm

1 In this activity, making connections to lingainkingis possible Computers'
Other notes way of solving problems can be srded as schematic and formaivhich is
the opposite of what thinking about futures requires from students.

1 Source of the game
Computer Science Unplugg@advw.unplugged.canterbury.ac.hz
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ACTIVITYO: Back to the Future

Position in the module

Bridge between sciece
ideas and future

Futureoriented
activities

Epistemological
knowledge
& practice

. ’

N

Inquiry
practice

Conceptual
knowledge

This activity builds a bridge from history to the futurethe field of ICT. The aim is {
show how rapid the technological development of the f@st decades has been and th
the changes have had widsffects on the wholeof society. Furthermore, the activit
illustrates the difficulty of making predictions and shows how initial assumptions
lead to erroneous forecasts. Students are encouraged to consider the limitations of
own thinking and braden their imagination about the future.

The activity begins with anaiyng old documentdesabout ICT from the 1980s and 199
and exploring fictional predictions of the world in 2015 from the 1980s. The differe
and similarities to the present arastussed and their reasons contemplated. At the ¢
of the activity, students are asked to think again about their own future scenarios
consider their previously made predictionstire light of the newly acquireknowledge.

Goals

conceptual/epistenological

1 to becomefamiliar with the historical development of ICT; especiddlytatus
in the 1980s and 1990s and the rapid development since then

1 to recognse the multidimensional impacts of technological development on

society—and societal developpont ' s i mpact on tech

to learnto apply the ideas of creative scenario thinking in the field of ICT

to understand the challenges of predicting/ forecasting in the field of ICT

to understand the role of assumptions in making predictions

to move from tre idea of a single future to the idea aplurality of futures

=a —a —a -
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social/emotional

to learn to share different points of view about technological development
to raise interest in futures thinking through a concrete and relevant context
t o br o a dmginatmmabdutsthe futures of ICT

to grasp the feeling of agency regarding the development of ICT and the
student’s own future

1 to facilitate creative thinking and the collective process of scenario building
and envisioning the future of ICT

=a —a —a -

Time reauired

1.5 hours in total.

Materials

Slides(ppt & pdf)

The lesson and slides consist of four paristory of ICT
; ScenariosandA Summer Day in 203%he slides include the instructions for the
student work and the links tthe video clipqalsolisted below).

Video clifs
History of ICT

1 Computers and internen the 80s & 90¢in Finnish):

https://youtu.be/Z3LomahS6nk

Internet magazines in the 80s (in Engligti)ps://youtu.be/X84mwaySVQ

ComputerChronicles: Home PCs (1990) (in Engligigs://youtu.be/m-

DHVCISvTo

1 The 90s Kids Guide to the Internet (in English):
https://youtu.be/mfMrVKnGzwg

f
f

Downtown: https://youtu.be/d68yRIE9OVQ
Café 80shttps://youtu.be/2zYu TxIFDM
Chasehttps://youtu.be/TkyLnWm1iCs

At home:https://youtu.be/5ztwns5PkJY

= —a —a 8

Online whiteboard (Flinga)https://edu.flinga.fi/s/IEJJE2JJ

Teaching methods

Interactive kecture & groupwork

At the beginning of the activity, students gpat into small groups where the topics arg
examined. The teacheatilitatesthe discussions throughout the lesson.

History of ICT

Watch together an old video cliglips about ICT from th&0s or 90s.

www.iseeproject.eu
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https://iseeproject.eu/wp-content/uploads/2019/08/ACT_10_Back_to_the_future.pptx
https://iseeproject.eu/wp-content/uploads/2019/08/ACT_10_Back_to_the_future.pdf
https://youtu.be/Z3LomahS6nk
https://youtu.be/X84muuaySVQ
https://youtu.be/m-DHVClSvTo
https://youtu.be/m-DHVClSvTo
https://youtu.be/mfMrVKnGzwg
https://youtu.be/d68yRIE9OvQ
https://youtu.be/2zYu_TxIFDM
https://youtu.be/TkyLnWm1iCs
https://youtu.be/5ztwns5PkJY
https://edu.flinga.fi/s/EJJE2JJ
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The students are asked to

9 take notes while watching the video
9 discuss in the group the following points:
o0 What has changed after filming the video?
o How well did the interviewees predict the future?

Watchbget her a video clip/video clips f
made in 1989.

The students are asked to

T make notes while watching the vid
o0 What similarities to the present do you notice?
0 What differences to the present do you notice?
9 discuss their observations in groups:
Place your observations on the online whiteboard (Flinga).
9 discuss further:
0 What was missing in the prediction?
0 What predictions hit the mark?
0 What predictions missed the mark?
0 Can you think of any reason for this?

Scenarios

Students are asked to consider their written future scenarios in the light of the new
ideas they got from the discussions.

I Students have to think again about their own scenarios.
i They are asked to consider:
0 How much have things changed from thegent?
o0 What is different from the present?
0 What is similar to the present?

A Summer Day in 2035

This part can be left as homework for students. Students are asked to reread their
future scenario essays and modify/comment on them.

Tips for teachers from
previous classroom
experiences

1 Especially societal dimensions in the video clips should be ensphasy the
teacher to make sure they are noticed: for example, the gender alioh
(“only boys need computets

1 This activity can create good discuss and it seemsito be fun forthe
students.

www.iseeproject.eu
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Other notes

This activity offers a good opportunity timk the conceptual and future
dimensions of the module. The teacher should keep this connection in min
when planning their implementation of the acity.

This activity was inspired by the
teachthefuture.org.

www.iseeproject.eu
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ACTIVITY1: Introduction to Quantum Mechanics

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

This activity introduces the core concepts of quantum mechanics and quan
computing. The introduction is done using simplistic description of syntheti
experiments (the SterGerlach experiment), and the aim is to make quantum mecha
as approachable as poskhwithout losing scientific accuracy. Students are encourg
to abandon the classical way of thinking and step from causal logic to making proba
predictions.

The introduction to quantum mechanics begins by noting that an electron has c€
binary properties (spin). Using the Ste@erlach experiment, it is shown how the
binary properties manifest themselves in measurements, and the concep
superposition and quantum mechanical probability interpretation are introduc
Studentsalsolearn toexpress simple quantum mechanical systems mathematicallg
the socalled Dirac notation.

Goals

conceptual

1 to understand the concepts of a vector and superposition of vectors

1 to becomefamiliar with the concept of a state vector

1 to becomefamiliarwith the ideas of the probability interpretation and
normalisation of a state vector

epistemological

9 to discuss and cross the epistemological barriers between classical and
quantum realms
i torealisethat physics problems do not always have a definiteitson

www.iseeproject.eu
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social/emotional

i to learn to tolerate uncertainty in solving quantum phygiceblems

f to arouse students’ curiosity and

1 to getinvolved personally in group and collective discussions about quanty
physics

f toadoptquamat um physics concepts in stu

different points of view
1 toenlargeo n drhagination about possible future STEM careetated to
quantum physics

Time required

The teacher can choose if they wamteach using only # slides oalsomake use of
the video lessons.

1 If the teacher wants to lecture using only the sligalsoutan hourshould be
reserved for the lesson.

1 The length of the videos @&togetherabout27 minutes(7:18 min; 11:2 min;
8:23 min). The teacher shtulbe prepared to stop the video every now and
then, and engage students in discussiattogether, tie discussions are
expected to taket least 15 minuteslf the discussionarearranged in small
groups,a longer discussion timehould be reserved.

1 Doingguantum exercises takes aboah hour. They can also be left as
homework orbe donein a separate exercise session.

Materials

Slides(ppt & pdf)

The lesson and slides consist of four pa@sneral Introductior
; SterreGerlach ExperimenandSummary

1 The purposef General Introductioris to give students an idea of quantum
me ¢ h astrangeand often counterintuitive nature, and to encourage then|
to approach the topic opemindedly.

T InGeneral Introductionthe teacher can also include some historical
backgrounl ofthe development of quantum physics.

1 Inthe partSternGerlach Experimenwvarious questions are posed and those
should be discussed in the classroom.

Video lessons

Chapter 1 part 1

Thisvideoconcentrateson the binary properties of an electron. It essentially covers {
contents of the part in the slides:

Chapter 1 part 2

This video covers the contents of the p&tern-Gerlach Experimerin the slides. It goeg
a little bit further and connects the synthetic experiment presented to the famous
doubleslit experiment.

www.iseeproject.eu
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Chapter 2 part 1

This video goes even further and prowsdgome mathematical notations and theoretic|
background for the previous videos. Thagsdt essential information for the module bu
may give useful background knowledge for the teacher.

The video lessormave beercreatedby university lecturer Kimmo @oninen and
postdoctoral researcher Venus Keus.

Exercises
Printout: Quantumexercisegpdf) & solutions pdf)
The exercises cover the following topics:

 state vectors
T normalisation
9 the probability interpretation

Homework video

https://youtu.be/VsBuuwGj3zs

Teaching methods

Interactive lecture

Whetherthe lesson is arrangealing the videsor not, students should be engaged in
discussions throughout the lesson.

1 If the video lessomare used the videcs should be paused every now and the
and students asked to ceemplate the questions posed on the video

1 If the teacher wants to teach not using the videthe lesson should be
similarly paused at suitablmomentsand possible questions asked and
answered.

Optional: Small group discussions

The students can also la#videdinto groups of four or five students. The groups are
asked to discuss the questions posed during the lecturdto present their reasoning
to the class

Exercises

Students maylo exercises either individually or in groups. Hudutionsare provded as
another printout.

Homework

Instructions to students:

Watch the video and think of the topic your group has chosen to work on. Take not
on the applications and problems connected to your topic. Did you get other thoug
or ideas for the groupworlvatching the video? Bring your notes to the next lesson.

www.iseeproject.eu
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Tips for teachers from
previous classroom
experiences

We recommend the teacher to consult the video lessbafore teaching-
even ifthe videos are not usenh the lesson

The topics learnin the lesson should be prastid as soon as possible by doir
the related exercises as homework or in a guided exercise session.
Teaches can encourage students by explaining that it iayik they donot
understand everything in this activity.

Additional resources

simulationthe of SternGerlach experiment

f
f

https://phet.colorado.edu/en/simulation/legacy/sterigerlach
https://phet.colorado.edu/en/contributions/view/2988

other resources:

1

f
f
f

SternGerlach experiment:
https://en.wikipedia.org/wiki/SternGerlach _experiment
Quantum statehttps://en.wikipedia.org/wiki/Quantum_state
Dirac notationhttps://en.wikipedia.org/wiki/Braket notation
Quantum superposition:
https://en.wikipedia.org/wiki/Quantum_superposition

Other notes

It would be very good if the teacher mea the shift in thinking (from classical t
quantum) explicit. This shift can be connectedhe other shift made in
thinking about futures in other parts of this module.

Also highlighting the uncertainty of quantum mechanics in connection to
predicting the future would be ideal.
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ACTIVITY2Z Mapping the Problem and Systems Thinking

Positon in the module

Epistemological
knowledge
& practice

Futureoriented
activities

> ’

'S -

Action competence
activities

Inquiry Conceptual
practice knowledge

®
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This activity introduces practical tools for mapping problems and systems thinking
content i

i s ¢ o n ffrucetpmjdcts ara comtempldtmathes dwn future
scenarios. The broader aim of the activity is to offer students new means to #bolat

the futures ina changing and complex world, and to support their feeling of ageng
their lives.

The activity defi

nes a “fpturepropedss First fstudbnis
are guided to choose a problem within the topic their grchgs chosenNext, groups

define the chosenproblem more precisely and place it as a part of a wider, com
system. The components and parameters of the system are definéastimated, and
at the end students choose one asped leverage point) of the system they want {
change.

conceptual

il

to understand the concept o stakeholder and recogse the
Goals

multidimensionality of every system

il

to understand the conceptsf@ system, emergence, feedback, complexity, &
a complex system

1 tolearn to recogrse feedback loops and causal relations in systems
T to |
1

earn to apply problem definin
to learn to identify leverage points in a system

epistemolayical

f
1

to learnthe basic principles of modelling a system
to recognse the power of simulations as a scientific tool

www.iseeproject.eu
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1 tolearn to identify and form feedback loops and other connections betwee
the parts of a system, arn estimate their nature

i tolearn touse epistemic practices (borrowed from scienajch asrguing,
explaining, posing questionand formulating hypotheseso specify an unclear
problem and to find the fundamental problem under the surface

i to recognise arguing, explaining, posing queassidormulating hypotheses as
important epistemic practices that can be used to analyse any complex co

1 to recognise the concept @&*dimensiori (political, social, economic,
scientific, ethical, environmental, professiongl as important for unpackp
the relationships among the different components of a complex context an
among stakeholders

social/emotional

f to learn to negotiatagroapnd justify
1 todevelopa f eeling of one’s own agency

Time required

1-1.5 hours

Materials

Slides(ppt & pdf)

The lesson and slides consist of seven partsiosing Topi¢é ;
Attacker/Defender Gam@Nhat is a SystemBystems Thinkind [
andldentifying Leverage Point¥he slides contain all thestructiors for the
groupwork.

Other

T “ 3WHY grintout (word & pdf)

ap 2 lisa@éthod used to explore the catamed-effect relationships underlying a
particular problem. It aims to determine the root causes of a problem by repeating
guestiondWhy%. Each answeforms the basis of the next question. With five iteratiof
a root cause can usually be found. Yet, not all problems have a single root cause.
WHYs method can be applied several times to reveal all the root causes.

Attacker/Defender Game

1 The rulesof the game can be found in the slides.
1 Avideo recorded as an example of the gahigps://youtu.be/vPVbdV3gol

Teaching methods

Teacher &cilitated discussions and work in the project groups

At the beginiing of the activity, students gather in their project groups. The topics a
discussed in the groups and together in the class. The groups are supposed to doq
their ideas and findings during the discussions as they will need documentatimmni
the project work.
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Choosing Topics
Instructions to students:
1. Inyour group, take turnspeakindoriefly about your topic of interest and

thoughts about it.
A Did you get new ideas from the homework video?

Referring to this videdttps://youtu.be/VsBuuwGj3zs

2. Find one topic which you all are interested
A The topic may concern society, technolotig environment, culture,
the economy, politics...
A Find a connection to Zthe development of quantum computers

Every group is given their own5  Widrintedt.

Instructions to students:

Write down the definition of the problem

Specify, clarify, negotiate an agreement!
Why is it a problem?

“ 5  Wim¥tlsotl

Take different points of view

(different st&keholders, environment...)

To T Do I

Instructions to students:

3. Make a mind map of the problem and the factors and parameters affecting

A The factors and parameters of the system may concern e.g.
technology the economy (investmentsetc.), infastructure, laws and
regulations, attitudes, values...

A Alsonote down all the stakeholders you recogei(different groups,
industry, businesses, environmental orgaations...}- Whatkinds of
effects do they have?

4. Think also about possible feedback lsemote thosedown on the map.

Identifying Leverage Points
Instructions to students:

5. Estimate how easy/hard it is to affect different factors of the system
A green: factors that can be changed easily or with the help of
something that is easily acquireh(e s e ar e t he “|
the system)
A yellow: factors that would require something in order to change the
A red: factors that are very difficult to change
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6. Choose one leverage point!
1 The chosen leverage point should somehow conceffgl@ntum compuing
(e.g. computing power, modelling, collecting data, machine learning...)

Complex system game

Attacker/Defender Game

The game requirea largerspace. You mayeed tomove to a corridor or hall to play it.
Instructions to students:

Randomly select twindividuals (A and B).

1. A attacks you, and B defends you against A.
A Move so that you keep inbetween yourself and Al
A Think first: What will happen?
2. Next, you are the defender! Mow that you stand betweeA and B!

1 The attackeidefender game is a nice and fun way to teach heamallchange
in asystem carhavea significant impacbn the endresult.

T 5 WHYs, mind mapThe teacher should follovthe discussiosin everygroup
and steer the discussins withsupportquestions if students have difficyilt
figuring out the key pointdf agroup slipgo discussiongrelevant tothe task
or they do not use QC (@nother giventopic/tool) in their idea,
the teachershould bring the discussion backttte given problem andools.

1 Inlearning about complex systems, students can be reminded about the
simulating power of (quantum) computers. They can be encouraged tseutil
that point in planning their future project.

Tips for teachers from
previous chssroom
experiences

1 In this activity, studnts develop their owrifuture projects while studying the
skillsof problem mapping and systertisinking. The purpose of this integrate
solutionis to make learning more motivating by making the students
immediately apply thenewly acquiredskills and échniques to the problem of
their choice.

1 The attacker/defender game was auted from teachthefuture.org

Other notes
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ACTIVITY3: Quantum @mputing

Position in the module

Bridge between science
ideasand future

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

This activity demonstrates the limits of classical computers in simulating complex sy
and introducesthe possibilities offered by quantum computers for simulations. 1
explanation for their superior computirgpwer and ability to run complex simulations
found in their quantum properties introduced in the previous activity. Students
pushed to make a shift in computing paradigms and replace bits with qubits (i.e. qug
bits).

The activity starts by conieplating the simulating power of quantum computirithe
activity makesu s e o f | BM Q' s r e s o uof quigits and differént
guantum gates (measurement, X, H, and
shown to students and they ged trun prograns on a real quantum processor.

Goals

conceptual

i to understand the concept of a qubit
1 to becomefamiliar with different quantum logic gates
1 tolearn to apply quantum mechanical properties in the conteitomputing

epistemological

1 toform a more concrete idea of a measurement in quantum physics

i to understand the opportunities of making complex simulations using quan
computers

i tolearn new ways of thinking about computing and adapt to a new kind of
logic

www.iseeproject.eu
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social/emotional

toarousest dent s curiosity and intere
to get involved personally in working on quantum algorithms usiiegBM Q
QuantumComposer

1 toenlargeo n drhagination about possible future STEM careetated to
quantum physics and quantum compugin

1
1

Time required

The required time depends on how much time the teacher wants to give students f
trying out the IBM @omposer Going throughustthe materials takes approximately
4560 minutes

Materials

Slides(ppt & pdf)

The lesson consists of four paromplexity :IFrom Bits to Quits;
and Quantum Computing in Practice

Video clip
In the part of the slides, there is a link to tHellowingvideo:

The Sounds of IBM, IBM l@tps://youtu.be/o-FyH2A7EdO

Other equipment

If possible, students should be given an opportundyry the quantum composer by
themselves. They should be provided with comput@referablynot tablets or smart
phones) or they should be asked to bring their own devices. If this is not possible, ¢
leastthe teacher should be able to show students how tmenposer is used on a
computer.

Teaching methods

Interactive lecture

The first three parts of the lessofomplexity srandFrom Bits to
Qubits can be taught as an interactive lectuiThe teacher should€ilitatethe
discussion about the topics of the lesson and answer possible questions.

1 Inthe partComplexity students can also be asked to think about different
complex systems and the limitation$ studying them.

1 Inthe slides,liere are some example pictures of complex systems (climate
cities/transportation, the human body) and fields that work on complex
systems (medicine, chemistry). The teacher can add and replace example
they wish.

1 Inthe part ofthesldest here is a vide
computer. There is no need to watch the whole video (4 min 45 s). The
purpose of the video is to show students what a quantum computer looks |
and make it a bit more concrete.
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Option 1: Demonstration

If there isno possibility to get computerfor the students, the teacher can go through
the last part of the lessarQuantum Computing in Practicley showing them how

di fferent quantum |l ogic gates operat ¢
with the IBM QQuantum Composer.

Option 2: Individual/groupwork

If the students can have computers, they can famisiathemselves witthe IBM Q
QuantumComposer by themselves or in small groups. They can be asked to run the
introduced algorithms at the same time, attte results can be compared. This
demonstrates nicely the probabilistic nature of quantum mechanics
(results/probabilities for results should vary a little).

Tips for teachers from
previous classroom
experiences

I The teacher caremphasse that IBM Q isa real quantum computer, not just a
simulation, which makes this activity more excitfiogthe students

1 However, running programs on the quantum processor takes time and the
results are sent to the programmer by email, which is not very hdodg
lesson. It might be good to demonstrate the usage of the quantum process
only once and otherwise use the simulations on the Composer.

1 It would be good to go through the materials of IBM Q carefully before
teaching. They provide many good resources thatloaintegrated into the
lesson. There might also be an opportunity to contact the personnel workir|
IBM and ask them to give a Skype lesson on the course or otherwise help
the quantum computing part.

Additional resources

IBM Q resources:

https://www.research.ibm.com/ibrag/learn/what-is-quantunmcomputing/

https://quantumexperience.ng.bluemix.net/gx/tutorial?sectionld=beginners

quide&page=introduction

1 https://quantumexperience.ng.bluemix.net/gxitorial?sectionld=futuser
quide&page=introduction

1 https://quantumexperience.ng.bluemix.net/qx/editor

f
f

videos

1 The future of supercomputerdtttps://youtu.be/VsBuuwGj3zs
Why do we need Quantum Computers in the Cloud?
https://youtu.be/wfsUxdYSOFs

Quantum and chemistnhttps://youtu.be/qarc7AA4wM

How quantum computing workshttps://youtu.be/WVV50AR4Nik
Qubits:https://youtu.be/RApkNeVYmeM

Quantum logichttps://youtu.be/Y TNu@tQOzU

=

= =4 —a —8
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https://www.research.ibm.com/ibm-q/learn/what-is-quantum-computing/
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other resources:

1 Qubit: https://en.wikipedia.org/wiki/Qubit

Quantum computinghttps://en.wikipedia.org/wiki/Quantum_computing

Quantum logic gatehttps://en.wikipedia.org/wiki/Quantum_logic_gate

Other notes

Instructions for regiséring a userwith IBM Q computing resources

Regiser here: https://quantumexperience.ng.bluemix.net/gx/signup

Inthefield'Ent er vy o u r, write thes namet ofiybur schodl.

In the field*Wh at woul d you | i ke to use t
answer, for example: We use IBM Q Experience on a quantum computing
courseat [your school].

You will get a confirmation email. You have to click on the link in the email
before you can sign up on the webpage. After signinggupu  can u s
real quarium processor. Note that every user has a limited amount of runs
day.
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ACTIVITY4: Deutscla Algorithm

Position in the module

Epistemological
knowledge
& practice

> L4

& -

Inquiry Conceptual
practice knowledge

After getting to know the basic logic of qubits aspaantum gates in the previous activit
the simplest real guantum al gorithm,
The power of guantum computing is i
classically and then quantum mechanicallye ¥ée that the classical solution takes ty
trials while the quantum mechanicablution takes only one trial.

First, De ut segphainedang solwdd Iclassically. After that, the quantd
mechanical algorithm for solving the problem is uncovettegh By step together withthe
students. Finally, a couple of other quantum algorithmsasebriefly discussed and th
lessonsummarised.

Goals

conceptual

1 to understandthe idea of what kind of algorithms aram on quantum
computers

1 to learn to buid more complicated operations using quantum logic gates

1 to becomefamiliar with some example algorithms

1 to get an idea of what kind of problems can be solved by quantum comput

epistemological
9 to practise the logic of quantum computers and understand the shiftin
thinking from classicab quantumcomputing
1 to realise the potential of quantum computing in practice
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social/emotional

9 tolearn to tolerate uncertainty in solving quantum physics problems
T to arouse student $guadumrcompueist y and
i to broaden their imagination about possible future STEM careers related tq
guantum computing
Time required 1-1.5 hours

Materials

Slides(ppt & pdf)

The slides consist of four partSuantum Algorithms Deldt slclh
Algorithnt andSummary

Other

Deutsch’s Algorithm

1

Mathematical seps of the algorithm (pdf)

Teaching methods

Interactive lecture & groupwork

1

1

The teacherdcilitatesa discussion of the partQuantum Algorithmand
Summary

In the part , the problem has: tobe explained thoroughly tg
students and their questions answered.

InthepartDe ut s c h’ g stullénts are askedtormake stbg-step
calculations at the same time with the teacher. They can malailzdions in
small groups and discuss their reasoning. Every step should be well explal
by the teacher.

Tips for teachers from
previous classroom
experiences

Eventhough students should be familiar with the notation from the previous
lessons, thewiill probably find the algorithm and calculations difficult. The
teacher should still encourage them to accept the challenge.

Deutschs algorithm should be introduced to studerasa slow enouglipace
Students need time to think about every step and thacher needs to make
sure nobody loses thetrack of thought.

Additional resources

videos:

f
f

other resources:

f
|

Quantum algorithmshttps://youtu.be/-ysVGWtAjio
Deutch ' s a | lattpsr/youtunbe/SxsyxaNCIM

Quantum algorithmhttps://en.wikipedia.org/wiki/Quantum_algorithm
Deut s c h’ shttgsl/apwikipedishom/wiki/Deutschlozsa algorithm
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https://iseeproject.eu/wp-content/uploads/2019/08/ACT_14_Deutsch_solution.pdf
https://youtu.be/-ysVGWtAjio
https://youtu.be/5xsyx-aNClM
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T Deutsch’s algorithm in I BM Q s Us
https://guantumexperience.ng.bluemix.net/proxy/tutorial/fuiliserguide/004
Quantum_Algorithms/08@eutschJozsa_Algorithm.html

Shor ' s atipg/enwikipddia.org/wiki/Shors algorithm

1T Gover ' s atipg/erwikipddiaorg/wiki/Grovers_algorithm

==

Other notes

Studying Deutsch algorithm has to be justified to students. After all, this algorithm |
no practical appdiation but is merely an illustration of the power of quantum
computing.
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ACTIVITY5: Scenarios

Position in the module

Epistemological
knowledge

& practice
Futureoriented Y
activities P ®
®
1‘3
Action competence =
activities @ 5
vy g’
S
Inquiry Conceptual
practice knowledge
In this activity scenario development techniques and storytellarg used tobroaden
st u d eiews offutures. The activity highlights the multitude of possibilifiesd
students learn to see the plurality of futureEhey also learto consider the complexity
of reaching a single futureThe purality of futures isseen as offering plenty g
opportunities, and students are led to thirdbout how to reach the most desirabl
scenario.
The activity introduces to students the conceptaafcenario as story about the future.
They learn the idea of the Futures Cone thiatstrates the plurality of futures. At the en
of the activity, students get to work on theirf ut u r e amitodgvedop scenarios
using three fundamentally ddrent ways of futursthinking.
conceptual
1
Goals

to understand the concepts ofscenario and the futures cone
1

to identify three fundamentally different ways to think abathie future
(expected, plausibland preferable)

1 to use these three ways of thinking to develop a variety of scenarios
I to move from the idea of a single future toghdea ofa plurality of futures
epistemological

il

to employthe epistemic practices of arguing, explaining, questioning
assumptionsand formulating hypotheses to create scenarios
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social/emotional

T to broaden one’ s i magi nadhdsentopi@a b ou

1 to employ an emotional, valudriven element in futurethinking (creation of
preferable scenarios)

9 to share and discuss hopes and values with peers

Time required

45 minutesor preferably more to. support st

Thegroupwork part can be extended and students given more time to work on their
“fut ur e.The'tleprg patt of thisactivity is relatively short and takes lgn
approximately 1€20 minutes.

Materials

Slides(ppt & pdf)

The lesson and slides consist of four patisiries EThree Ways to Think
about Future and Thinkingof Different ScenariasThe parfThinking of Different
Scenariogontains instructiosfor the groupwork.

Other
Thinking of Different Scenarios

1 Scenariogrintout (word & pdf)
1 The printouts can be used dvingthe exercise. Alternative)students can use
computers in writing down their scenarios.

Teaching metlods

Interactive lecture

The discussion on the contents of the lessora@litatedby the teacher. Students may
also discuss the topics in small groups (especially the idea of the Futures Cone) if
groups are formed at the beginning of the lesson.

Groupwork

At the end of the lesson, students are asked to consider their'oinu t ur e inp r
the light of the informationgivenin the lessonStudents may also follow the whole
lesson in the project teams.

Thinking of Different Scenarios

Students are gided to develop scenarios of their chosen problem using three
fundamentally different approaches, focusimturn on 1. trends and extrapolation, 2.
discontinuities and alternative assumptions, and 3. their own preferences and choi

Instructions to sidents:
How could your chosen problem develop by 20357 Describe the scenarios with a f
sentences/bullet points. Think about the whole system.

www.iseeproject.eu

> D020


https://iseeproject.eu/wp-content/uploads/2019/08/ACT_15_Scenarios.pptx
https://iseeproject.eu/wp-content/uploads/2019/08/ACT_15_Scenarios.pdf
https://iseeproject.eu/wp-content/uploads/2019/08/ACT_15_Scenarios_printout.docx
https://iseeproject.eu/wp-content/uploads/2019/08/ACT_15_Scenarios_printout.pdf

)k SEE

It's your time to imagine the futures

1. Expected scenario
A Where do current trends lead?

2. Plausible scenario
A What could happen, if we question assurgis and rules, take risks, facs
surprises? Exaggerate the effect of some leverage points!

3. Preferable scenario

A Envision a desirable scenario: It is 2035. What is the status of the proH
And the whole system?

A Make up a couple of news headlines (3 Mag20

For the last step (preferable scenario), a helpful thought experiment has been the
following: You swallow a magic pill, wake up in 2035 and your problem has been s
Look around: what else has changed in the system?

Tips for teachers from
previous classroom
experiences

1 The teacher should walk arounthlk to groupsand help students develop thei
scenarioswith steering questions.

1 Theteachershould support studentespeciallyin identifying and questioning
their assumptions when developingd er nati ve scenar.i
assumption there? What would happ
systemic thinking (“What | everage
affect the other parts of the system? How do other stakeholders react to
that ?”)

9 This activity calls for creativity and collaboration, and is sensitive to group
dynamics. Teachers’ role may be i
their imagination, think freely and overcome mental blocks. Thereby, it is
advisable not to lave the scenario development completely to sdilfected
homework but to devote teaching time to this.

Other notes

The set of scenario development methods used in this activity is a combinatiesllof
knownideasirfuturesS udi es. ThWaywetti ont mifnkK 3abo
by teachthefuture.org, eseciallythe material“ System thinking, complexity, forecasts,
& the future”.
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ACTIVITY6: Backcasting

Position in the module

Action competence
activities

Futureoriented
activities

Epistemological
knowledge
& practice

~ 4

U

'l
3
-
©
©
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Inquiry Conceptual
practice knowledge

The aim of this activity is to give students tools to take an active role in impactiirg
future and to imagingpossibleactions in practiceTo do this, the backcasting method
introduced. Backcasting is an empowering way of connecting emotidoadlypreferable
future and planning actions. Studerdse encouraged to imagireepreferable future and
find the steps toward it.

In the activity, tudents are walked through the backcasting exercise. The me
involves thinking of the future ithe pasttense to find a path from the present tihe
desirable future. The results ofiexercise are turned into presentatioriBhe goal is tg
make a synthesis of the whole module in the presentations of the projects started g
beginning of the moduleTheinstructions for the presentations are givémthe lesson
materials. At the end of the lesson or after the lesson, students are asked to revise

personal, written future visions in light of their newly acquired knowledge a
perspectives.

Goals

conceptual

i tolearn to use the backcasting method

i tolearnto reviseo n eotwrsfuture visions in light of new knowledge and
perspectives

i tolearn to articulate a strategy to achieve a desirable solut@tine problem

T to Il earn to r el professiomal\ésiors ofphe futare anc |
one’s own role and identity to th
the module

9 to employ creative thinking techniques

www.iseeproject.eu
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social/emotional

I toreaise one’s own potential i n thokeén
chosen topic

f to learn to project oneself to on

i tolearnto cooperate and work in a small group

Time required

one hour + time for preparing the presentations
homework

= =

Materials

Slides(ppt & pdf)
Thelesson andlides contain three parts3ackcasting sandHomework

1 The first partBackcastingcontains the stegby-step instructions to students
for the backcasting exercise.

1 The second part; scontains the instructions to students for
prepaling the presentations of their work.

1 The final partHomework contains the instructions to students for revising
their written future scenarios. This can be left as homework or carriedrout
the lesson.

Facilities forpreparing and givinghe presentatians

For the backcasting exercise and preparing the presentations, students should be
provided with some paper or electronic devices for ntaking and making a timeline.
The teacher should check if students halve means of making video clips before
making the task mandatory.

Students should be given appropriate devices and facilitiesdatetheir
presentations.

Teaching methods

Groupwork

The whole lesson consists of groupwork. Studentspéaeedin their project work
groups and theylo the exercses in those groups.

Instructions to students:
Backcasting

A Take your desirable scenario
A Go back, step by step, from 2035
0 What caused the system to change?
0 What did you do to impact the system?
Did you need help? Who helped you?
0 What obstacles did you enaater?
How did you overcome them?
o What were your roles in this process?
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A

Individual work

The last exercise can be left as homework or some time siteele reserved for
individual work at the end of the lesson. Ideally, studentsusthtwe given space and
time to concentrate on the exercise.

Instructions to students:

Make a timeline 203-2035
o Mark down all the significant steps and events that led to the solut
0 What was your first action (summer of 2BP

Introduce your chosenmpblem and the leverage point you applied.
Present your scenario for the year 2035: What is the status of the problem
Who are you then?
Tell your success story: What happened between924id 2035?
0 What did you accomplish and how? What obstacles did you
overcome? Who helped you and how?
The lengh ofthe presentation is about 10 minutes.
As part of your presentation, prepare a short (about 3 min) video clip
o Inthe video, you can describe your experient¢he project,
introduce the problem/its solutiontie 25 scenario...
Allthe other aspects of your presentation you can do in any way you like!

Homework
A Reread your future scenario essay. Have you got new ideas for it?
A Modify/comment on the original version
A Highlight the modifications
A You may add comments in pegwhere your thinking has changed
1 It may be difficult for students to backcaamsthey easily slip into forecasting
i Because of this it is essential that the teacher holds students to the takk ar
Tips for teachers from . . .
) reminds themto use the past tense in their discourse.
previous classroom . : .
: 1 Thepreviouslymentionedremindingand encouragemenare alsoneeded
experiences , ) )
duringthe final presentations, anche teachershould ask complementary
questions after the presentation$he teacher may alscsk an outsider (a
colleague, a researchgztc.) to host theevent in order to have new
perspectives.
oth 1 The backcasting method is a mudiscussed technique iFutures Sudies, and
ther notes it aligns well with theaction competencepproach.
1 Inthe inerviews after the firsFinnishl SEE module implementations the

students have frequently mentioned the backcasting activity as an empowg
method and something they intend to use in other contexts too.
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ALTERNATNACTIVITY:1
A Brief History of Clssical Computes

Position in the module EDLstemlolénglcau
&pm(n(ge
A ¢
Encountering with the 'g LSS
focal issue gﬁ
=2
gfg o
E E rat
g Inquiry Conceptual
practice knowledge
This adivity consists ofa lecture on thebrief history of classical computerin this
introductory lecture, the evolution of computsrand the logic on which they abased
are presented. The lecture has been specifically desiga pave the wayor contrasing
classical logic with quantutogicin the following activities
The focuof the activityis onthe following questions:
1 Whatdoencoding and processing of imfoation meanfor aclassial computer?
1 How haveencoding and processing of information changed wetthnological
progres®
conceptual
e to understand what it means that a clasdicomputerfollows classical logia
Goals encading and processing fiormation
e to understand the meaning of logical operators, truth tables, logic gates: OF
AND andNOT
e to understand thechanges that made it possible to move from one generatic
of computers tathe next
epistemological
e torecognsge three different level®f analysis in encoding and processing
information:
o the mathematicalével linked to Booleaalgebra

www.iseeproject.eu
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o the levelof logic gates
o the implementation levelihked to the technologies used

social/emotional

to reflect on the speed with whictechnology has deveped andhow the
performance of computers has changedhe lastfew decades

Time required

1 hour+15-20 minutes 6r discussion

Materials

Slides(ppt & pdf)

The bcusof the lectureis on

reflections on the fact that classiccomputers follav classical logic:
V the information is processedsingalgorithms with a succession of
operations performed sequentially
V  the elaboration process is deterministem algorithm gives a certain
result
V the basic information ipresented by two possible statéisat are
mutually exclusive: 0 or 1/true or false
the meaning of logical operators, truth tablemndlogic gates: OR, ANNOT
V  How the sum of two binary numbers is calculated using Iggies
reflections on the fact that the logic of a clasdicompute remains the same
even though the hardware and software change very rapmabr time
reflections on the fact that logic gates (OR, AND, NOT) can also be made
mechanically with ropes and pulleggeeDewdney, 1988)
explication of the fact that encoding drprocessing information can be
analysedon three different levels:
V the mathematical level linked to Boolealgebra
V the level of logic gates
V the implementation level linked to the technologies used
abrief history of the evolution of computers: signifitechanges in devices
until the discovery ofhe internet
reflections on the fact that technological progress has allowed the
development of software that is increasingly far from clagsiequential logic
reflection on the fact that software develops acding to the type of
problemsto be solved

Teaching methods

During the lecture:

Students are invited to comment or request clarification

At the end of the lecture:

Students are invited to participate in the debate

www.iseeproject.eu
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Tips for teachers from | Although students regularly use computers to process data, many of them do not k
previous classroom | the logic behind the coding and processiof information by a computer.
experiences

Additional resources | A. K. Dewdney1988).An ancient ropeand-pulley computer is unearthed in the jungle
of Apraphul.Scientific Americar/ol. 258, No. 4, pp. 11821.
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ALTERNATNACTIVITESS & 4.
Two-Qubit System and Cryptography

Position in the module

Epistemological
knowledge
& practice

5 ’

Mool

Inquiry Conceptual
practice knowledge

This activity aims to apply the superposition principte describinga two-qubit system
and to introduce entanglement as a genuine quantum property of a system.
conceptual meaning and potential of entanglement is empseasby the introducton of
cryptography that is presented as an examplagfiantum protocol.

Thefocusof the activityis on:
1 theencoding and processing of informationa quantum computer
1 logic gates as manipulateof signas and information
1 the concept of entangledtates

Goals

conceptual

1 to understand that the state of a twaqubit system can be described by the
superposition of states§(8 c¢eTf T P A Op P that
represensinformation

to becomefamiliar withthe concept of entanglement

to get to know an examplef a two-qubit logic gate CNOT

to becomefamiliar withthe concept ofa measurement in gantum physics
and its circuitsymbol

to gain more confidencein the formalism introduced ithe previous activities
to startto gainconfidene in circuit representation

to gain confidencein the new type of logic gateCNOT, Hadamard gate, X, Z
to understand thathe new quantum mechanical logE neededo solvethe
problems that arainsolvableusingclassical system

E R ]

=a =4 -4 =4
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epistemological

social/emotional

to understand what cryfpgraphy is and what the main differencégtween
classical and quantum cryptographize

to understand the effect of an observer on a system when twopbeare
exchanging information

to understand that cryptography opensm new opportunities whose impas
span different dimensions (political, social, economic, ethical, environment
professional ..)

to start to grasp the essence of entanglement as a real resource for many
applications

to recognse the effectsof a measurement on quanturaystems
to recognse that some problems can be solved with quantum physics and 1
new quantum logic

to begin to recogrse the importance and efficiency of some quantum
protocols (e.gthe cryptography protocdl

to begin to recogrse the impact and scopef applications based on quantum
mechanics

9 to begin to reflect on the potential and risks of quantum cryptography
according toone'sown worldview and values
I to broadenon€simagination about possible future STEM careers
1 to get personall involved in class discussiand sharingone'sviews
Time required 1.5 hours

Materials

Slides for the dialogic lesson

= =

= =

Two-qubit systemgppt & pdf)
Cryptography(ppt & pdf)

an introductionto the concept of measurement as another difference betwe
classialand quantum computers

an introductionto quantum measurement as probabilistic and destructive
an introductionto the probabilistic meaning of the coefficierasandb of the
overall stated) & (g Gplofasystem:) % is the probability of
measuring valu®,”} s is the probability ofmeasuring valud

an introductionto multi-qubit systems, in particular twqubit systems

an introduction to the two-qubit logic gte CNOT, its operatiogijrcuit
representation and truth table

an introductionto the concept of correltion between the outcomes of a
measurement

an introductionto the concept oentanglement as a particular correlation
between the states of two quanton objecs

www.iseeproject.eu
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= =4 =4

= =4 -8 =4

an introductionto the Bell states describing maximally entangled states
apresentation of the circuit that reaés maximally entangled states

an introductionto cryptography:Atechnique of representation of a message
such a way that the imkrmation can be receideand read only by the receiver
public key cryptography

a brief history of cryptography

RSA protocol anthe decryption limits of grivate key

the potential of quantum computers to overcome the limits of classical
computers

an introductionto the BB84 protocol through a simulation: How is it possiblg
to exchange a key without the two users having secret information in
common?

apresentation d the results that Alice and Bob obtain if they carry out the
measurements on the same axesan different axes

an introductionto the effect of the quantum measurement if a third observe
tries to intercept the message

Teaching methods

A dialogic lesson

The teachehelpseach student to taken active partin the dialogic lessoand toget
involved especially when the effect of the measuent on a twoequbit systemis

introduced.
I Students seemed very interested in the subject.
1 Sudents seemed very engaged especially duthregintroduction ofa
Tips for teachers from measurement as something thdisturbs the systemThey got really involved
previous classroom with the quantumlogic part the introduction ofa CNOT gatethe circuits that
experiences realise maximally entangled states).
1 Students weralsovery engaged during thlast part of the dialogic lesspm

which cryptographyvasintroduced. Students seemed to have bedgaon
understand the potentiabf these new technologies, starting to reflect on the
positive and negative aspects.

Additional resources

BB84 protaol:

https://www.standrews.ac.uk/physics/quvis/simulations _html5/sims/BB84 photons

B84 photons.html
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ALTERNATIVECTIVITY:S

Teleportation as a @mparisonBetween Experiment andiuit

Position in the module

The activity aims to grasp the idealadw an experiment can be read in terms othe
circuitby using a comparison between the experiment and the standard teleportatic
protocol. It reinforces the concept of entanglemeatd stresgs the presence of aew
logic and the notion of information encoded in the qubit.

Thefocus isparticularlyon:

= —a —a 9

Epistemological
knowledge
& practice

. b4

s L3

Inquiry Conceptual
practice knowledge

experimental tools as manipulateof information
asimulation of an experiment

logic gates as manipulat®of signas and information
the potential of teleportation

Goals

conceptual

il

il

to understand that a state is described &guperposition of statesg0iand
i s¥ Gands® & giand o)

to reinforce the cornheepboobky eotio
(the EPR paradox)

to understand the logic ahe experiment

0 creation of two pais of entangled photons (c and d; a dod

o projection of photons b and c in a Bell state

0 measurenent and communicationf the outcomesviaa classical channel
0 operation to recover the initial state

to understand that experimental tools manipulate the overall statéhef
system so that teleportation occsir
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= = = =

= =

epistemological

il

il

= =

social/lemotional

to gain confidencein circuitrepresentation

to understand that nowadays theew quantum mechanical logis needed to
solvemanykinds of problems

to gain confidencein the new logic andormalism

to gain confidencein new types of logic gates

CNOT, Hadaand gate, X, Z

to understand the effect of a measurentin quantum mechanics

to start to understand how an experiment can be inter@étand reead with
logic gates

to start to understand the importance of simulatistoylooking at a concrete
example

to understand that maipulatinga state corresponsito manipulating
information

to understand that teleportation opengp hew opportunities whose impact
span different dimensions (political, social, economic, ethical, environment
professional ..)

tounderstad t hat entanglokmeattiaod atsd
a real resource for many applicati®n

to understand how entanglement can turn out to laeturning point for the
development ofa quantum internet

to recognse that there are problems that could be sobd only with quantum
physics

to begin to recogrie how it is possibléo reinterpret an experiment in terms
of logic gates

to recognsge thatthe experiment andhe circuit are two ways to solve the
same task

to understandthe role of simulatiors

to begin to recogrse the impact and scope tifie applicatiors based on
quantum mechanics

9 to beginto reflect on the potentiahnd risks of quantum computers aad
guantum internet according tone’'sown worldview and viaes
I to broadenon€simagination about possible future STEM careers
1 to get personally involved in class discussiod sharingone'sviews
Time required 1 h 15 min
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Materials

Slides for the dialogitesson(ppt & pdf)

1 Areminderof the levek of analysis used in the first lesson:
0 narrative
o logic
0 mechanism
The storyof Alice and Bob to contextuaé the task
Emphasisinghe fact that thetask is resolvable only witljuantum teleportation
A presentation of the physical sep stressing the logief the experiment:
0 creation of two pairs of entangled photons
0 projection of two photons, initially norentangled, in a Bell state
0 the measuremenimade by Aliceand communicationthroughthe
classical channel
o Bob’' s oper atAi o imittalstst & ,e caofvteer kn
results
1 A pesentation ofthe teleportation protocol

= =4 =4

1 The calculations following what happens to the state passing through the |
gates, and a stepy-step comparison between the experiment and the circu
o0 consecution of CNOThd Hadamard gates in order to project two
non-entangled states in a Beitate
o the measure operator in the circuitandll i c e’ s c action e
0 communication ofthe measure in the circuit (00, 01, 10, 11) and in
the experiment
o0 application of X and Z ¢@s and corresponding application of a
tension to EOM in order to recover the initial teleportation state

1 A presentation of quantum networks as the bases of
0 cloud computing
o thequantum internet
1 A pesentation of the main ingredients fohe quantum interne:
0 presentation of entanglement as a fragile link depending on differ
environmental conditions (as thermal noise)
o0 theconcept ofamaximally entangled state
0 the use ofaquantum repeater in order to extend the range of
quantum communication betweeasender andareceiver

Teaching methods

Dialogic lesson

The teachehelpseach student to taken active part in the dialogic lesson and get
involved especially when the mathematical passages are presgmteldtakes care that
the wholeclass is ergged in the collective activity.

www.iseeproject.eu
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1 Students seemed very interested in the subject.

Tips for teachers from 1 Theexperimentpart, both the logical level and the mechanism level, was nc
previous _classroom immediately easy to follow, but dhe end of the discussion students seeth
experiences to be convinced. During the second part, that of the ciratitdents seemed

very engaged anthey got involved especially with the logic part.
1 The final part helped students to understand and remathe potental of
teleportation in terms othe quantuminternet.
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ALTERNATIVECTIVITY:6

Applications and Implications of Quantum Computers in Society

Position in the module

Bridge between sciencq
ideasand future

Epistemological
knowledge
& practice

> 4

- N

Inquiry
practice

Conceptual
knowledge

The main aim of thiactivity is to conéxtualise quantum technologies within the prese
and future world in order to make students think about the possible implications
applications of quantum technologies. The implications and applications stressed
activitycovernot only scientift and technological research but also fields that can init
appear less related to the issue, suchpatitics and society. The commdinread of the
whole activity is the Quantum Manifesto, a 2016 document edited by a grou
European researchers dalij on the European Union to launch initiatives in suppor

researchinto quantum technologies.

Goals

conceptual

T to understand t he

Computational

= =

Supremacy’

9 to understand the relevance of theu@ntum Manifesto, its objectives and its
hopes, within the Bropean and global context

1 to understand the implications of quantum technologies in four areas:
communication, politics, scientific and teutlogical research, and society

1 to grasp the future angresent rdevance of quantum technologies

to identify the current stakeholders withithe Second Quantum Revolution

to be introduced to the concepts of quantum optimisation, quantum

simulgors, quantum sensors, quantumternet, and quantum programming

concepts of uahtiBre c
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epistemological

1 tounderstand the complexity of theloserelationship between cience,
technology and society

1 to recognise the different dimensions involved when contextualisirense
and technology in society

9 torecognise the importance of the conceptf “ di mensi on”

economic, scientific, ethical, environmental, professional...) for unpacking 1

relationships among the different components of a complexterhand

among the stakeholders

to get acquainted with the futur@riented naure of scientific practices

to be able to creatively grasp new connections between quantum techieso

and various aspects of life

= =

social/emotional

1T to become aware of one’s own et hic
technologies

i tocomprehendthe el evance of one

actively take partn it (citizenship competences)

to get involvedpersonaly in group or collectig discussions (teamwork skills)

to be able to expl ai rthas(mblicpeakimgrskillp)o

1 tolearn to share different points of view and to cope rationally, emotionally
creatively and responsively with their future (futuseaffolding transversal
skills)

I tobroadeno n erhaginationabout possible future STEM careers

= =

Time reguired

2.5 h: 30 minutes for explaining the activity, one hour for working in teams on a chg
topic, one hour for having each team present its results.

Materials

Slides(ppt & pdf)

1 The Quantum ManifestoA presentation of the document and its @ztives
1 Explanation of the activity and formation of working teams on the basis of
personal interest in a topiftom among the four a the worksheets.

Fourworksheets foreachstudent

The worksheets present the topic both with some definitions and examgnd by
posing some captivating questions about the topic in order to engage students in
creative thinking about the present and the future. They also contain a list of hyper
to websitesthat students should use as a resource for their reflectibime topics are
the following:

Quantum Computing & Communicatidword & pdf);

Quantum Computing & Politi¢gzord & pdf);

Quantum Computing & Scientific and Technological Res¢ammtd & pdf);
Quantum Computing & Sociefyword & pdf).

f
f
f
il
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https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_Quantum_Manifesto.pptx
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_Quantum_Manifesto.pdf
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCCOMMUNICATION.docx
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCCOMMUNICATION.pdf
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCPOLITICS.docx
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCPOLITICS.pdf
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCRESEARCH.docx
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCRESEARCH.pdf
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCSOCIETY.docx
https://iseeproject.eu/wp-content/uploads/2019/08/ALT_ACT_6_QCSOCIETY.pdf
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al LIY davdzl yind2rX ¢ 2 & 2304 teamP(WIrdR Ipdd) K

The map contains several aspects on which quantum technologies can/could impa
and some blank spaces for finding new aspects. The team should read it carefully
discuss it together, in order to find some linkstiween the team topic and thee
aspects. This map belongs only to the team #ray must explain to the other teams
the work that has been done.

Instructions for the teams: A New Era of TechnologyWhich possible applications
and implications? (one for edtteam; word & pdf)

The instructions for completing the activity are fully explained here. The activity is
divided into two parts:

1 Activity Ga: Reading the map and exploring the four worksheets, looking for
possible applications and implications in the a$guantum computers,
drawing arrows and potentially adding new aspects in the blank spaces;

9 Activity &: Discussing together the connections and the map, by paying clc
attention to the different dimensions of impact on the
applications/implications of quantum computers; highlighting the connectio
that the team finds met meaningful. Later, speaking about the results of
analyses in front of the whole class.

Teaching methods

The teacher presents the content and thejettives ofthe Quantum Manifesto and
contextualises it within the European Union and scientific and technological resear
introducing the Second Quantum Revolution and by highlighting the stakeholders
involved in it.

Thenthe teacherexplains the advity and forms the teamgroupingstudentstogether
on the basis of their interestsith regard tothe four topics m the worksheets.

After writing the chosen topic on the map, each team has to explore and analyse tH
corresponding worksheet with diffent aims:

i torecognise and highliglin t he map t hhee da sopre citnsv
their topic

1 to find valuable connections between the topic and the various aspects
selectedon the map, by drawing arrows beeen their topic and the ovals

1 toreason abouthe connections.

Throughout the activity, the students are asked to reflect on the distinction betweer
applicationsandimplicationsof the technologies and, if their discussion leads them t
recognise an aspect that does not appearthe map, they ar@asked to add it in the
blank spaces.

The arrows have to be clarified and discussed by paying close attention to the diffe
dimensions of impact on the applications of quantum computers (scientific,
environmental, social, ethical, economic, politicat.p The team should also be able
say which connections athe most meaningful and why. Writing some keywords or
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sentences for the arrows could be useful for describing why the team considers
something morémportant than something else.

At the end & the teamwork session, each team has to present its findings and analy
to the others, by means of slides, a short video, a poster, or simghpdspeech.

Tips for teachers from
previous classroom
experiences

1 When explaining the Quantum Maesto, it is important to highlight the
connection between it and the activity. In particular, it is important to stress
that the activity has been designed as a guide to navigate and analyse sci
and institutional texts and resources. In particulais important to foster an
analytic attitudet owar d t he activity wheore
bad” is suspended and postponed a
and a process of analysis.

I The teacher should emphasise the fact that quant@echnologies are still on
their way to beimplemented, but also that this fact did not stop institutions,
scientists and stakeholders from thinking aboe implications and
applications.

1 Finally, it is very important to highlight the importance of cieiy in the team
activity, so as to create in students the right mindset for thinking creatively
about the future of their topic.

Additional resources

Quantum Flagship websitattps://qt.eu/

de Wolf, R. (2017 he Potntial Impact of Quantum Computers on Society
https://arxiv.org/abs/1712.05380v1

Harrow, A.W. & Montanaro, A. (201&uantum Computational Supremacy
https://arxiv.org/abs/1809.07442
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ANNEXNotes on thelmplementation in Italy and the ItaliarPath

Module Implementation in Italy,5.2.-12.3.2019

Overview

The Quantum GComputing module was implemented within PLSlaboratory, at the
Universityof Bolognain winter 2019.Themodulewasimplementedasanextra-curricular
courseoutsideschoolhours. Theimplementation lasted about 20 hours and involved
secondaryschoolstudents (1617 years old) from different schools. The 20 hours (6 d
of the modulewerep ar t of tAiternanza Scypla banoro!

Themodulewasdesignedandimplementedby the researchgroupin STEMEducationof
the University of Bolognain collaborationwith ElisaErcolessia theoretical physics
professorfrom the Departmentof Physicand Astronomy.

Activities

Themain activitiesimplementedon the coursein timely order were:
ACTIVITY: Abrief historyof classial computes
ACTIVITZ: Introductionto QM

ACTIVITS: Twoqubit systems

ACTIVITH: Cryptography

ACTIVITS: QuantumTeleportation

ACTIVITS: QuantumComputing& X

ACTIVITY: Mappingthe problemand systemthinking
ACTIVITS: Backto the Future

ACTIVITY: BasicCreativeThinking

ACTIVITYO: Scenarios Backcasting

Presentation®f the final projects the gudent groups presented their final projects to
the class.

Activities1, 3, 4, 5, 6 are new activitiesthat were integratedin the Finnishmodule.In
Activity 2 we used,asthe Finnishpartner, a simplificationof the spinfirst approachto
introduce quartum concepts andwe developedit until introducingtwo-qubit systems
andthe conceptof entanglementthat was,in our path, crucial. Thisconceptwasindeed
introducedin order to addresscryptographyandteleportation asconcreteexamplesof
the potentialities of quantumtechnologiesin particular,teleportation protocolwas
choseninsteadof Deutsc h algorithm.

While the Finnishmodule envisagedhat eachdaywasdedicatedin part to the content
lessons(encounteringwith the focal issue)and partly to the future-future oriented
activities the Italianmodulesawthe first 3 lessonsnainlydedicatedto quantumphysics
(activity 2, 3),to the introduction of quantumtechnologiesandtheir implications(activity
4,5,6)

www.iseeproject.eu
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Futureoriented activities(10, 11, 12 and 13) havebeencompletelytakenfrom the
Finnishmodule.

Comments

We had to schedule the course differdptthan the Finnish partner: the PL
laboratory included 6 meetings (1 per week) of 3 hours each. The differeng
the temporal structue of the module and the difficulties highlighted by t
Finnish partner (the connection between quantum computers and futl
quantum algorithm) led us to make some different choices, based on the
shared within our research meetings.

o In order to strengthen the connectiorbetween quantum computing
and thefuture we developed some specific activities that explore
impact of quantum computesin the society, through the introductior
of the Quantum Manifesto and a synthetic presentation of so
developng applications of quantum computing (see activity 5).

0 In the light of problems that the Finnish partner found with tk
student s’ u n d e Isagerithih,iwe ghose to pr@pes
the teleportation protocol andto compare one of its experimentz
implementations with its algorithmic representation (see activity 6)

The problenwith Deutsc tsalgorithmled us to search for a global approach th
then formedthe basisfor the design of the internal module: fieading an
experiment in terms of circtiand logic gates.

Only a part was dedicated to clasdicomputers and their logia€tivity 1). We
did not sperd much time on computer components and on its structure. M
of the module concerned the introduction of the key concepts of quant
physicsguantum technologies and their implications. As regards the differe
between classical and quantum computers, we have particularly leverage
the new logic that characterize these technologies.
The presentations of thénal projects showed some diffitties of the students
with the concept of scenario. The futumiented activities appearedo be

effective to foster studentsto think out of the boxesand to create a deep

engagement. However, for "imagining a future scenario” they limite
themselves to think about a job that appealed to them and to identify a prob
that will be solved in the future.
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timeline

[talian Path

Order of activities

Order of activities

_ history of introduction CE::tSe
Computers toQM oy
thinking
back to the
future
Two qubits quantum
system teleportation
quantum - I
computing &
X
} encountering focal issue
B bridge activities
ITALUAN MODULE I future-oriented activities
B action competence activities
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