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Abstract

The future of quantum technology depends on a skilled workforce, but both the num-
ber of high school students and their interest in physics are declining. Hence, a fo-
cused large-scale effort is required to maintain Denmark’s internationally leading posi-
tion in quantum research and industry. This work presents a novel teaching course on
quantum communication, developed for potential nationwide implementation in Danish
high schools. The course engages students through spy narratives, hands-on activities,
digital learning games, and debates on socio-scientific issues about technology access. To
avoid disengagement from unconventional teaching methods, well known elements like
calculations, data analysis, reports, and exam training were included. A pilot test with
one high school class showed emotional engagement. However, some students experi-
enced the fun elements as time inefficient teaching, while calculations and data analysis
were experienced as more engaging than exam training. An outline of the entire project
is illustrated in Fig.1.
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SECTION 1

Phase A: Identification of framework for development
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Figure 2. Outline of how development focus and data collection lead to decisions in Phase A.

SUBSECTION 1.1

Outline of this work

Fig. 1 presents an outline of this entire work. Phases A and B outline the processes and
methods used to develop a teaching course on quantum technology. Phase B specifically
focuses on designing activities to engage students, while the didactical design, learning
goals and evaluation of the course are outside the scope of this work. Phase C studies
this teaching course through testing to address the research question of this work.

Although Phases A and B are less central to the research question, they present
research-relevant methods and analyses that underpin this study, and they are included
in the hope of inspiring other educational development projects.

SUBSECTION 1.2
Background: Education in quantum technology

The need of an effort to secure both quality and quantity of the future quantum work
force has become evident as quantum technology advances, matures and approaches
transition to commercial applications [1]. In a Danish context, this need of an focused
effort is strengthen by the fact that the number of high school students choosing ad-
vanced physics has steadily declined since 2019'. Additionally, the high school-aged
population is expected to shrink between 2025-2031 due to demographic trends [2]. Ac-
tors from both universities and industries are calling for action with policy papers [3, 4]
and tools for assessing and supporting the future quantum workforce [5]. Strategies for
how to implement quantum technology in the high school curriculum are also under
discussion[6, 7], where one of the challenges is how to support the teachers to inte-
grate quantum technology in their teaching [8]. In parallel, educators have for decades
attempted to develop novel teaching in quantum mechanics and quantum technology
[9, 10], which are traditionally perceived by students as mathematically difficult and
inaccessible [11]. While awareness of the future career opportunities in the quantum
industry is awakening for current university students [12, 13], new students may be
prevented from engaging in a career in quantum technology because they believe that

IData presented in January 2025 by the Ministry of Children and Education’s “FiP” meetings for
Danish high school physics teachers.
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quantum physics is exclusive to certain types of students [14, 15]. “Seeing” quantum
mechanics in experimental exercises are perceived by many educators as an important
tool to excite students [16, 17]. However, these experiments are only available at few
universities as these experiments are technically complex and resource expensive. How-
ever, an attempt to disseminate and study teaching about quantum key distribution to
high schools have been studied in [18]. Much in line with [18], this work presents a
teaching course on quantum key distribution for high school students.

Phase A and B of this work present the development of this teaching course on
quantum key distribution developed on behalf of the LIFE Foundation' and The Novo
Nordisk Quantum Computation Programme' (NQCP). Phase C focuses on a case study
of a high school class that tested this teaching course, aiming to answer the research
question of this work, which will be presented later in Phase A.

SUBSECTION 1.3

Actions in Phase A: Topic, SSI and difficulty
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Figure 3. Illustration of the four main categories of sub-technologies within quantum technology
and their potential applications (in Danish). From [19].

The LIFE Foundation and NQCP had decided to develop a teaching course about
quantum technology and to base this teaching course on a socio-scientific issue (SSI) [20]
with the aim to engage high school students. However, quantum technology covers four
main topics of sub-technologies, quantum computing, quantum simulation, quantum
sensing and quantum communication, as shown in Fig. 3. The specific topic and SSI for
the teaching course were initially not decided.

The following activities and interviews were carried out with six high school classes
and their five teachers from three different Danish high schools in order to investigate the
needs of the students and the teachers and to investigate what motivates them. These

ihttps://1ife.dk/
lilhttps://nqcp.ku.dk/our-work/education-team/
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six high school classes were selected from schools across Zealand, one of Denmark’s
main islands. The selection included institutions both within and outside th central
Copenhagen area, representing a diverse range of fields of study and socioeconomic
backgrounds. The students’ conversations during all activities and all interviews were
recorded as data!v:

e Memory game: Small student groups were presented with 23 different pictures
related to quantum technology. First, the students got 30s to memorize the pic-
tures. The pictures were then hidden and the students were asked to mention all
the pictures they could remember with their own words. Secondly, the pictures
were shown again and the students were asked to label the pictures green if they
knew something about the motive on the picture and red if they knew nothing
about the motive on the picture. Examples of such labeled pictures are shown in
Fig. 4a. The students’ conversations during this memory game were recorded as
data.

e Ranging of articles: The same small student groups were presented with 7
short popular science news articles. The students were asked to discuss and range
the articles from most to least interesting. An example of one group’s ranging
of articles are shown in Fig. 4b. The students’ conversation during this ranging
activity were recorded as data.

¢ Prototype teaching activities: The same small student groups were instructed
to carry out some hands-on prototype teaching activities. These prototype teach-
ing activities dealt with applications of quantum communication and quantum
computers. Fig. 4c shows an example of a prototype teaching activity about ap-
plication of quantum computers for route optimization. The students’ conversation
during this ranging activity were recorded as data.

¢ Group interviews of students: Semi-structured group interviews were carried
out with the student groups immediately after the activities mentioned above.
The focus of these group interviews were the students’ engagement in the differ-
ent topics within quantum technology and the students’ response to the different
teaching styles of the prototype activities.

¢ Solo interviews of teachers: Individual semi-structured interviews with stu-
dents’ daily physics teachers were conducted and audiorecorded before or after the
activities mentioned above. These interviews focused on determining the appro-
priate level for teaching quantum technology for high school students, as well as
the challenges teachers face when introducing a new topic in their teaching.

¢ Group interviews of reference teacher group: A reference group, consisting
of five outstanding teachers from various regions of Denmark, was assembled to
follow the entire development process through a series of group interviews. Here,
this reference teacher group was divided into two smaller groups, each participating
in a separate group interviews to evaluate the decisions made during Phase A.

VThe data and transcripts from recordings in Phase A are not included in the appendix as these are
not used directly to answer the main research question of this work.
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(a) Picture of the labeled pictures from the memory games of three student groups. The students
labeled the pictures with red dots if they knew nothing about the motive on the picture and with
green dots if they knew something about the motive on the picture.
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(b) Picture of one student (c) Picture of a prototype exercise were students tried to find the
group’s ranging of popular shortest possible route for their future graduation trip past all
science news articles. classmates’ homes.

Figure 4. Pictures showing examples of student activities used to identify the needs of students
and to identify what motivates them.

1.3.1 Identification of topic and SSI

The investigation mentioned above revealed a very broad range of reaction from the
students when they were presented for quantum technologies. Both highly curious stu-
dents, cautiously curious and absolutely uninterested students were observed. However,
a large group of students seemed particularly interested when they were told that the
quantum technologies will be of great importance in their grown up life and professional
life as illustrated in this quote:

The fact that quantum communication will become relevant in the future is exciting.
I would like to work on that a little more.”

The students already have a language to talk about communication and Quantum
communication seemed to activate the students as suggested in [18]. Issues concerning

VOriginal quote in Danish: “At kvantekommunikation bliver aktuelt ¢ fremtiden, er spendende. Det
vil jeg gerne arbejde lidt mere med.”
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secure communication for private communication did not seem to catch the students’
interest. However, the students were more engaged when discussing complex issues
on national or industry level concerning secure communication and risk for espionage.
Based on this, the following SSI was formulated as the core issue for the teaching course:

How will quantum communication change digital communication in the future, and
should everyone have access to it?¥*

One aim of this SSI was to engage students in working with the core curriculum on
the properties of light as waves and photons. This SSI also allowed students to discuss
the development of current and future communication technologies and to take personal
stances on a complex issue without clear answers.

1.3.2 Identification of appropriate dificulty

Initially, the LIFE Foundation and NQCP wished to develop a teaching course for the
broadest and largest possible target group. Hence, the focus of the solo interviews of
teachers and the group interviews of the reference teacher group was to determine if
this teaching course about quantum communication can be taught on the lowest and
mandatory C level in the Danish high schools. All interviewed teachers welcomed the
proposal for a quantum communication course, appreciating its ability to complement
the existing curriculum on light. This is illustrated by this quote by one of the teachers
from the reference teacher group:

Communication is a new punchline in my teaching!I""

However, all teachers also agreed that it was difficult for them to imagine how
quantum communication could be taught at the lowest C level. Still, this does not mean
that it is impossible to develop a relevant teaching course on quantum communication
for C level physics. In this work, a difficulty corresponding to the elective B level was
chosen instead, making it more likely that a large group of Danish physics teachers will
use and adopt the teaching course.

Many of the interviewed teachers were concerned that a large scale adoption of a
new teaching course on a new topic would be limited by the limited preparation time of
the teachers as illustrated by this quote:

If it is difficult for the teacher to understand,
then it has been opted out of in advance.'!

This gave reason to focus on ensuring sufficient teacher support. However, a few
of the teachers also recognized the value of investing time in adapting new teaching
materials:

Familiarizing yourself with other people’s materials is a huge investment,
... but it can become a lifelong companion.™

viQriginal SSI in Danish: “Hvordan vil kvantekommunikation @ndre digital kommunikation i fremti-
den, og skal alle have adgang til den?”
ViiQriginal quote in Danish: “Kommunikation er en ny punchline i min undervisning!”
ViliQriginal quote in Danish: “Huvis det er svert for lereren at sette sig ind i, sd har man valgt det
fra pa forhdnd.”
XQOriginal quote in Danish: “At s@tte sig ind i andres materialer er en kempe investering, ... men
det kan blive en livslang folgesvend.”
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SUBSECTION 1.4
Design principles and research question

The initial focus of the prototype teaching activities and the group interviews of the
students were to study the students’ engagement in topics within quantum technologies.
An unintended result was that the students were broadly enthusiastic about the proto-
types’ activating and inquiry based teaching style. This is illustrated in particular by
the following quote:

I’'m turning on my brain more than I usually do because we have to do something
ourselves.®

This differed from their usual lecture-focused teaching in physics which a student
described as:

In physics we usually sit and listen... !

The students found the activating and inquiry-based teaching style fun and enjoy-
able. However, they also worried about whether they were learning what they were
expected to:

It’s been fun doing these exercises, but if you have to learn a curriculum this way,
I think it might be a bit difficult.<i

Two design principles were chosen as guides to develop an engaging teaching course
with the potential for large-scale adoption, based on the input from students and teach-
ers:

1. In this course, students need to be active, engaged and have fun in the teaching
while also feeling that they are learning what is expected of them.

2. Teachers must be supported such that they feel that they are qualified to teach
the new scientific topic quantum technology.

This work will examine the first design principle in detail, framing it as the following
research question to be explored:

¢ Research question: How can quantum communication be taught in a way that
engages students while minimizing disengagement when the teaching deviates from
their expectations of teaching in physics?

*Original quote in Danish: “Jeg tender hjernen mere end jeg plejer, fordi vi selv skal lave noget.”
*iOriginal quote in Danish: “I fysik sidder vi normalt og lytter...”
xiiQriginal quote in Danish: “Det har veret sjovt at lave de her gvelser, men hvis man skal lere et
pensum pd denne her made, sd tror jeg mdske det vil vere lidt svert.”
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SECTION 2

Phase B: Development of course design and activities
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Figure 5. Outline of how development focus and data collection lead to products in Phase B.

SUBSECTION 2.1

Title of the course: Unbreakable

The user research in Phase A (presented in Sec. 1) indicated that students were equally
interested (and uninterested) in topics within quantum technologies. Most importantly,
the students showed interest and engagement to all topics within quantum technologies
if the prototype teaching activities were hands-on, activating, and differed from their
usual lecture-focused physics teaching. However, both students and teachers expressed
concerns about whether the students were learning what they were supposed to, given
that it was different from the usual teaching. These important findings lead to the
following design principle as guide for the development of the teaching course:

In this course, students need to be active, engaged and finding enjoyment in the
teaching while also feeling that they are learning what is expected of them.

Student engagement was hence a key focus in Phase B, leading to the teaching
course being titled “UNBREAKABLE?”. This title was chosen for its dramatic impact and
because it defied conventional expectations for a physics course. The LIFE Foundation
distributes both physical and digital materials for the “Unbreakable” teaching course
free of charge. This course has been available for booking*i! since March 2025.

xiii] ink for booking: https://booking.life.dk/booking/forloeb/unbreakable
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SUBSECTION 2.2
Background: Engagement in science education

It is a widespread understanding among education researchers that engaged students
are likely to participate actively in teaching activities and that they are likely to achieve
higher achievement at school [21]. However, engagement complex and malleable. By
following [22], engagement can be modeled as consisting of:

o Behavioral engagement associated with students’ actions and behaviors.
o Emotional engagement associated with attitudes, interests and enjoyment.

o Cognitive engagement associated with students’ instrumental motivation, future
orientation towards science and willingness to self-regulate.

Engagement is situational and is operationalized by [23] as optimal learning mo-
ments*Y where students experience high level of interest, skill and challenge. For exam-
ple, a student is more likely to participate actively (behavioral engagement), enjoy the
activity (emotional engagement) and meet requirements (cognetive engagement) if the
student feel interested and confident in a situation. Furthermore, student engagement
can be collective [21]. For instance, when students see their peers actively participating
in a class discussion, they may feel more engaged to join in as well.

Empirical research has affirmed that students’ engagement varies with different sci-
ence classroom activities. These studies indicate that students’ engagement is positively
correlated with the frequency of student interaction, hands-on activities, student in-
vestigations and relating science to real-world applications [25]. However, other studies
found that some students view “practical work as nothing more than a welcome break
from other teaching approaches”™V[26] and that lab work only increase student engage-
ment when associated with contemporary problems. Students are also reported to be
less engaged when listening to a teacher lecture [27].

SUBSECTION 2.3
Actions in phase B: Development and testing

2.3.1 Development choices

The following elements related to student engagement were implemented during Phase
B of the development of the “Unbreakable” course:

o The entire course is based on a socio-scientific issue (SSI) [20] where students are
solving meaningful and contemporary problems.

e The teaching activities were designed to secure the three preconditions - interest,
skill and challenge - to support creating optimal learning moments:

— The students’ interest is supported by developing the activities following the
“6F” model with emphasis on the engage-phase*"'.

— The activities were designed with appropriate threshold for entry and high
level of support in order to making sure that all students have the proper
skills and knowledge to initiate and complete the main tasks.

XivOptimal learning moment is very similar to the concept flow [24].
*VDirect quote from [25]
*Vi¢Fang” in Danish [28]. The “6F” model is similar to the “5E” model [29].
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— The progression of the developed activities also offered opportunities for
challenges and elaborations. These elaborations can be theoretical questions
and calculation exercises in order to meet the students’ expectations to the
traditional physics teaching.

e All activities were designed to include brief assessments or quizzes that connect
to future hand-in reports or training of future exams. This approach aims to help
students staying cognitively engaged and recognizing the activity’s importance,
even though they do not find the assessment itself enjoyable [30].

2.3.2 Methods in user research and prototype testing

(a) Prototype testing during development of the digital (b) Prototype testing during de-
learning game “Quantum Keys” (see Sec. 2.5.3). This velopment of “Part 1: Optical
prototype test was based on a simulation by University fibers” (see Sec. 2.5.1). An opti-
of St. Andrews and tested with two students. cal fiber is marked with green.

Figure 6. Example photographs from prototype testing.

All teaching activities developed in Phase B were prototype tested with students.
Examples of photographs from prototype testing situations are shown in Fig.6. The
following methods were used for gathering data and insight:

o All prototype testing included group observations to examine the situational en-
gagement while students are involved in the tasks. Observation focused on in-
vestigating the students’ behavioral and collective engagement. Observation was
chosen to overcome the retrospective problem of questionnaires.

o All prototype tests were immediately followed up by group interviews of the stu-
dents to get qualitative insight in the students’ emotional and cognitive engage-
ment. These interviews are retrospective but they were used to support the ob-
servations.


https://www.st-andrews.ac.uk/physics/quvis/simulations_html5/sims/BB84_photons/BB84_photons.html
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SUBSECTION 2.4
Course design
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Figure 7. Illustrations of the course outline with Danish descriptions used in the published
material of the “Unbreakable” teaching course. The Course is divided in 8 main parts. The
following are the titles of the three parts translated into English: “Part 1 — Optical fibers”, “Part
2 — Fiber connections in Denmark” and “Part 8 — Quantum key distribution”. ©OLIFE

The course outline was developed based on the students’ interests, which were ex-
plored in Phase A. An illustration of the course outline is shown in Figure7. This
“Unbreakable” course consisted of 3 main parts:

e Part 1 — Optical fibers: The students are introduced to the course’s central SSI
and learning objectives. Then the students investigate how light propagates in
optical fibers by sending and spying secret words through an optical fiber.

e Part 2 — Fiber connections in Denmark: The students build their own light sensors
and investigate the attenuation of light in optical fibers. The students then apply
their results to the real-world internet by calculating and analyzing the risk of
espionage.

e Part 3 — Quantum key Distribution: The students play a digital learning game
titled “Quantum Keys”. In this game, the students perform physical and digital
experiments in order to investigate the technology of quantum key distribution.
The students send and receive encrypted messages in the game and apply this
technology in real-life cases.

o After the course: The students can study a scientific text on quantum key dis-
tribution, written at a high school level and specifically designed for this course.
The teacher can also chose to let the students work on a technical report hand-in
written for a fictional Danish minister for societal resilience and contingency.

SUBSECTION 2.5
Engaging teaching activities

2.5.1 Part 1: Optical fibers

The central SSI of the “Unbreakable” teaching course is introduced for the students
with a short fictional video where a spy is sabotaging the Danish national electricity
infrastructure. A screenshot from this video is shown in Fig. 8. The students then

Course destgn
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Figure 8. Screenshot from a fictional video where a spy sabotages the Danish national electricity
infrastructure. The spy uses a fiber optical device to connect to some central hardware for fiber
networks. The video can be seen in the following link: BLACKOUT ©OLIFE

receive short optical plastic fibers in their hands. First, the students perform some
qualitative investigations of the properties of the optical fibers. The students will then
work in groups of three, each sending, receiving and spying on secret words using a longer
25 m optical fiber and by using a binary system. Excerpts from the printed instruction
booklet for this activity are shown in the Fig. 9. The students work in groups and
take on very clear roles, which can potentially stimulate collective engagement[21]. The
students have degrees of freedom to be creative with how they encode the binary system
in their laser light and with what secret words they want to send.

This exercise is extended by a theoretical exercise on how amplitude, frequency and
pulse modulation can be used to transmit a binary code. Part 1 is then concluded by a
summary exercise where the format of the oral exam is trained. These theoretical and
exam training exercises aim to enhance cognitive engagement by aligning with students’
expectations of physics teaching, especially after the previous play-like activities.

2.5.2 Part 2: Fiber connections in Denmark

The main activity of Part 2 is an experimental mission related to the SSI of the “Un-
breakable” teaching course. The mission is to select two Danish cities (shown on a map
in Fig. 11a) and assess the espionage risk associated with fiber-optic communication be-
tween those cities. The students are provided with the fact that the risk of espionage in
optical networks is greatest in connection with existing infrastructure such as amplifier
stations. The students will then experimentally measure and determine the attenuation
of light in optical plastic fibers in different lengths by assembling and using the setup
illustrated in Fig. 10.

The laser light transmitted through the optical plastic fibers are measured in the
unit of mV using optical diodes. The students will then need to calculate the results to
the unit of W using a calibration plot (shown in Fig. 11b). Their analysis will reveal
that the attenuation in optical plastic fibers is too high for connecting Danish cities.
Plastic fibers will require too many amplifier stations and result in high risk of espionage.
The students will then receive data on optical glass fibers used in the real fiber-optic
internet and extend their calculations to determine attenuation levels and amplification
requirements. The results from the students’ experiments and calculations are then used
in a technical report hand-in (illustrated in Fig. 7b) after the “Unbreakable” teaching
course.

Engaging teaching activities
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Laes sammenii jeres gruppe tekstboksen om binaer kode:

Binaer kode er et system, hvor
information kodes som enten
Oeller 1. Det bruges til at sende
og lagre digital information.

A 00001 E oo0101
B oo0010 F oo110
C 00011 G 00111
D oo100 H o1000

(a) The students use a binary system to code secret words. Students have the freedom to devise
their own strategies for encoding 0 and 1, for example by using long and short light signals.

(b) Groups of three students take on the roles of sender, receiver and spy. The light signal can
be spied on by covering the fiber and watching the light escaping from all sides of the fiber.

Figure 9. Ezxcerpts from the instruction booklet used in Part 1. This booklet is supplemented
with the following instructional videos (in Danish): Instruction video 1 ©LIFE

This experimental exercise is put in a narrative/SSIT about assessing risk of espionage
with the aim to stimulate emotional engagement. The thorough quantitative data analy-
sis, calculation exercises and technical report hand-in aims on the other hand to enhance
cognitive engagement by aligning with students’ expectations of physics teaching.

2.5.3 Part 3: Quantum Key Distribution

The students are investigating a technology called quantum key distribution [31] in the
third and final part of the “Unbreakable” teaching course. The main activity is carried
out using a browser based digital learning game titled “Quantum Keys” developed to
this course.

As part of the development of this learning game, an intuitive formalism was devel-
oped to explain quantum key distribution without using expert terminology with terms
such as bits, superposition, basis, state collapse, or the standard names Alice/Bob/Eve
commonly used in cryptography.

The students sit in pairs with their own computers and take on the roles of sender
and receiver of individual photons (Screenshots seen from the sender and receiver are
shown in Fig. 12a—-12b). The sender and receiver each change the orientation of virtual
polarization filters randomly and are guided through the different steps of quantum
key distribution such that they can encrypt and decrypt a secret message by using the
photons to distribute an encryption key.

Engaging teaching activities
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-/ Elefantsnot

Figure 10. Instructional illustration of the quantitative experiment for determining attenu-
ation of light in optical plastic fibers. This illustration is shown in the online instructional
material supplemented with the following instructional videos (in Danish): Instruction video 2
and Instruction video 3 ©LIFE

Aalborg

y=0,13x+0,80

Fotodiodesignal [mV)

0 100 200 300 400 500
Lysets effekt [uW]

(a) Map used in a mission where students de- (b) Calibration plot used by students to calculate
termine the need for signal amplification in the measured light from optical fibers in from [mV)]
optical fibers to connect cities in Denmark. to [uW)

Figure 11. Ezcerpts of illustrations in the online instruction material for Part 2. OLIFE

Both these different steps and the intuitive formalism without expert language are
presented in Danish in a simple scientific text [32] written for the students and an
advanced scientific text [33] written for the teachers and for skilled students. Both
scientific texts are written as part of the development of the “Unbreakable” teaching
course.

Finally, the Students use their newly acquired knowledge of quantum key distribu-
tion to choose a realistic case where confidential information needs to be sent between
two locations in Denmark. During this mission, students must be aware of whether their
photons are received as expected, or whether the photons are affected by spies on the
communication lines.

Engaging teaching activities
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Send fotoner Send fotoner

/modage fotoner 20 gange.

(a) Sender view. (b) Receiver view.

Mission A: Kort over elkabler

Energistyrelsen i Kebenhavn skal sende kort over elkabler, der
ligger i dansk farvand. Kortene skal sendes til Natos nye center
for sikkerhed af kritisk undervandsinfrastruktur. Natos center
ligger i Bruxelles, og de topsikrede oplysninger skal sendes
gennem optiske fibre ved Esbjerg.

Hvis kortene bliver udspioneret of fremmede magter, vil de
kunne bruges til sabotage of Danmarks energisystem og lukke
for stremmeni hele landet.

Find en sikker rute fra Kebenhavn til Esbjerg:

1.Klik pd én linje ad gangen.

2. Vurder med kvantenegledistribution, om | tror, der er spioner
pa ruten

3. Veelg en rute, som | tror er sikker.

(c) One mission (in Danish) concerns transfer of confidential information about power cables in
Danish waters. The students are sending single photons between Danish cities to localize spies.

Figure 12. Screenshots from the digital learning game “Quantum Keys”. OLIFE

A game like format is chosen for “Quantum Keys” where the students can write
secrets to each other and “catch” spies. The aim of this is to stimulate emotional
engagement while teaching a highly abstract subject as quantum key distribution. The
missions in Quantum Keys are designed so that the sender and receiver of confidential
information can choose to take on the role of either an authority responsible for key
societal functions or a criminal operating outside the law. A screenshot of one of these
missions, concerning transfer of confidential information about power cables in Danish
waters is shown in Fig. 12¢ with Danish descriptions. These missions are extended
with a final discussion where the students can discuss and take a stance on whether
everyone should have access to quantum communication technologies, with the aim to
emotionally engage the students by aligning their discussion with the core SSI of this
course (presented earlier in Sec. 1.3.1). The data from “Quantum Keys” is also utilized
in the final technical report hand-in at the end of the course. To support students in
their writing process, a Danish scientific text [33] was developed, providing theoretical
background on quantum key distribution at an appropriate difficulty level.


https://life.dk/
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2.5.4 Overview of engaging activities in “Unbreakable”

All activities presented in Sec. 2.5.1-2.5.3 were individually prototype tested with meth-
ods described in Sec. 2.3.2 and improved based on the test results. An overview of
engaging activities in the “Unbreakable” teaching course are shown in Table 1. Table 1
categorizes the activities by their intended type of engagement, which served both de-
velopment and testing purposes. This classification ensured that the teaching activities
were designed to encompass a broad range of engagement types while also guiding the
selection of test methods in Phase C (presented in Section 3) .

Part Activity Intended type og engagement
Fictional video about espionage Emotional engagement

Part 1: Sending and spying secrets Emotional & behavioral engagement
Theoretical exercise Behavioral engagement
Exam-like summary Cognetive engagement
Narrative about risk of espionage = Emotional engagement
Quantitative experiment Behavioral engagement

Part 2: . . .
Calculation exercises Behavioral engagement
Technical report hand-in Cognetive engagement
Digital learning game Behavioral engagement
Narrative about risk of espionage  Emotional engagement

Part 3: Sending secrets and catching spies Emotional engagement
Discussion of SSI Emotional engagement
Technical report hand-in Cognetive engagement

After the Technical background text Behavioral engagement

course Technical report hand-in Cognitive engagement

Table 1. Overview of the main activities with the intention of engaging students.

Engaging teaching activities
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SECTION 3

Phase C: Test of entire teaching course

DEVELOPHENT FOCUS DATA COLLECTION

« Evaluation of
‘METHODS DATA TYPES (IN APPENDIX)
engagement Student tests of all activities ;
« Answer research Observation notes

Group interviews of students |Interview notes

uestion
q Recording of interviews

Group interview of teachers nterview notes
after teacher trials Recording of interview

"Unbreakable" is

engaging.

« Students suspect
time-inefficiency.

« Calculation exerc.
are engaging

« No engagement
by exam training.

« Sufficient support " =\

= -
\ toteach new topic, J Test of all activities with students Group interview of teachers after teacher trials

Figure 13. Outline of how development focus and data collection lead to results in Phase C.

The entire “Unbreakable” teaching course as described in Sec. 2.4 was tested in the
following ways in chronological order. All tests were carried out before the publication
and the opening of bookings for the teaching course:

1. Student tests: The author of this thesis taught the part 1~3 of the “Unbreak-
able” course (illustrated in Fig. 7(a)) for a 2nd year high school class in the capital
area of Copenhagen during November 2024. The scientific text [32] and hand-in
(illustrated in Fig. 7(b)) were not tested.

¢ Observational data were collected by 3 non-interacting observers during the
teaching activities.

e The observational data were supported by semi-structured group interviews
immediately following the teaching.

A combination of observations and interviews was selected, recognizing that be-
havioral engagement could be assessed through observation, while emotional and
cognitive engagement required both observation and insights gathered through
student interviews*V!l. These data from these student tests are the main focus for
the data analysis presented in Sec. 3.1.

2. Teacher trial: The “Unbreakable” teaching course was conducted by two high
school teachers in Copenhagen’s capital region, without the presence of observers.
The teachers participated in semi-structured interviews after completing the course.
The insights from which are briefly analyzed in Sec. 3.3 to complement findings
derived from student observations and interviews.

xVii An overview of the intended types of engagement is shown in Table 1.
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SUBSECTION 3.1

Student tests of “Unbreakable”

3.1.1 Observation and interview methods

Teaching of part 1~3 of the “Unbreakable” course was observed by three non-interacting
observers. 4 x 90min lessons of one high school class were observed over three days.
The observers filled out a table with observation notes by following a description of the
teaching activity and focus points. The focus points were mainly concerned:

o Levels of student activity.
o Levels of student engagement.

o The students’ reactions to the course’ narrative and socio-scientific issue (SSI).

A representative section of the observation table is cut out and shown in translated
form in Fig. 15%V1, A picture from one of the observed lessons is shown in Fig. 14.

Semi-structured group interviews were conducted immediately after each lesson.
The observers conducted these interviews of three groups after each lesson by following
focus points concerning the students’ experience of:

+ Engagement.
e The course’ narrative and SSI.

o Learning outcome.

Selected quotes from these interviews are presented in the following Sec. 3.1.2%,

g AN :
1% A

(4
/l
{ / A

MIEAR N 4

Figure 14. Picture from student test of Part 3 of the ‘Unbreakable” teaching course. Two
students are playing the digital learning game, “Quantum Keys”.

*ViiiThe complete observation table with observation notes in Danish can be found in Appendix B.
*IXSelected interview transcripts in Danish can be found in Appendix A
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PHASE C: TEST OF ENTIRE TEACHING COURSE Results and discussion from student tests

3.1.2 Analysis and labeling of data from student tests

Fig. 16 visualizes the themes associated with engagement derived from the observations
and the student interviews. These themes were derived by categorizing the observers’
notes thematically. Notes from interviews were also included in the observation tables
and in this categorizing. Notes related to engagement and disengagement were labeled
and quantified by the author of this work. The thematic categories and labeling of the
observation notes are illustrated in Fig. 15. The number of labeled observation and
interview notes supporting are visualized as the size of the boxes in Fig. 16.

The categorizing was mainly inductive with a view to the research question of this
work. For example, an interview quote was categorized under the theme "Fun" and later
labeled as "Having fun" and "Being creative" (Interview 1G in Appendix A - 00:08:32):

It was really fun that we had to code for each other... It was also a bit about making
our own systems... and we also had to try to figure out each other’s systems. I think
that’s really fun.**

The following excerpt is an other example. This quote is labeled as "Having fun'
and "Time inefficient transfer of knowledge" (Interview 1P in Appendix A - 00:05:27):

It wasn’t something I needed to do. It was a fun experiment. That thing about decoding
the binary. It wasn’t difficult

Both the two quotes presented above have two labels. Dual labeling was common
through the analysis and the most common macthes of labeling are illustrated by solid
black lines connecting the boxes in Fig. 16. For example, activity designs where students
get engaged in actually sending and spying secrets seem to be coupled to the students’
engagement in the course’ SSI about spies and crime.

SUBSECTION 3.2
Results and discussion from student tests

This section presents and discusses the main results from the student tests in relation
to the research question of this work.

3.2.1 Is having fun time inefficient?

It is clear from Fig. 16 that the students were greatly emotionally engaged by having
fun in the “Unbreakable” course. Observation notes about students laughing, giggling,
smiling and joking were labeled as “Having fun” as well as interview quotes stating
explicitly that they were having fun. This quote from one of the group interviews
illustrates this (Interview 1G in Appendix A - 00:01:48):

It’s been like normal physics, but maybe a little more fun, a little playful in some way...
Well, the thing about it being a whole case of us being a spy... It’s been very exciting to
follow (a litte story) >

**Qriginal quote in Danish: “Mega grineren det der med at man skulle kode til hinanden... Det
handlede ogsd lidt om at lave sine egne systemer... og vi ogsa skulle prgve at regne hinandens systemer
ud. Det synes Jeg er meget sjovt.”

**iQOriginal quote in Danish: “Jeg havde nok ikke behovet at lave det. Det var et sjovt forsgg. Det der
med sadan at afkode det der binere... Det var ikke fordi, det var svert.”

*xxiiOriginal quote in Danish: “Det har veret ligesom normal fysik, men mdske lidt sjovere, lidt mere
legende pa en eller anden made... Jamen, det der med at det har veret sadan en hel case med at vi er
spion... Det har veret meget spendende at folge (en historie).”.
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Both this quote and the solid lines in Fig. 16 indicate that the SSI about spies
and secrets were emotionally engaging for the students. Observations also showed that
the students were emotionally engaged in being creative with formulating secrets and
designing various setups for sending and spying secrets through optical plastic fibers.
For instance, one group rolled the fiber down a spiral staircase and all groups devised
numerous creative solutions to block background light for the spy, such as draping them
in jackets and scarfs. For example, a student lying on the floor under a jacket is shown
in Fig. 6b. Some groups repeated the exercise about sending a secret through optical
fibers (illustrated in Fig. 9) in “Part 1: Optical fibers” (illustrated in Fig. 7(a)) so that
each member could engage in the creative process of thinking up a secret word, even
though the rest of the class had already moved on to the next exercise.

Part 3 of the “Unbreakable” course concerns a technology called quantum key dis-
tribution. The students are asked to devise methods for distributing encryption keys
as an introduction to this part. Once again, the students were having fun being cre-
ative in their thinking of methods for distributing keys*ii. Later in Part 3, the digital
learning game “Quantum Keys” allowed the students to experience and explore the very
abstract quantum key distribution set in a narrative where public authorities and crim-
inal organizations must send sensitive and confidential information. Both observations
and group interview also showed that the students were emotionally engaged in having
fun with this digital learning game. A student from one of the focus group interviews
expressed how the digital learning game was experienced as both fun and helpful for
learning (Interview 2G in Appendix A - 00:02:56):

The last part (the game) is super fun. That thing that we were allowed to guess. I feel
you learn more when you have made your thoughts first XV

However, many observation and interview notes labeled as “Having fun” were also la-
beled as “Time inefficient transfer of knowledge”. Many students felt disengaged because
they perceived the learning outcomes of these fun teaching activities to be lower than
those of their regular lessons, as illustrated with this group interview quote (Interview
3P in Appendix A - 00:00:09):

It’s been quite fun... maybe more fun than educational

The students still experienced this, despite positive evaluative summaries indicating
they met the learning goals of the “Unbreakable” teaching course and trial teachers
deeming the course high quality (presented in Sec. 3.3). By reviewing the student
quotes in more detail, students show a focus on gaining new knowledge and learning
new technical terms. For example, one of the students focused on the amount of new
technical terms (Interview 1G in Appendix A - 00:07:26):

I don’t feel like I've progressed (corresponding to) two modules. I don’t feel like I have
learned any new technical terms. Vi

xxiiifxample of methods for distribution encyption keys mentioned by students: Postal service, paper
planes, message in a bottle, sign language, encrypting a key in a cow’s calling, hiding a message in a
song etc.

*xiVQriginal quote in Danish: “Den sidste del er jo mega sjovt. Det der med at man fik lov og gette sig
lidt frem og Sadan noget. For sd foler jeg at man lerer mere, ndar man selv ligesom har lavet tankerne
forst.”

**VQriginal quote in Danish: “Det har vaeret ret sjovt... maske mere sjovt, end Det har vaeret leererigt.
xxviQriginal quote in Danish: “Jeg foler ikke, at jeg har rykket mig to moduler. Jeg foler ikke, at jeg
har faet nogen nye fagbegreber.”
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Another student gave this comment about learning and knowledge (Interview 3G in
Appendix A - 00:00:21):

I've learned this much (points to an illustration of the course structure™"), because I
didn’t know all that. But I could have learned it all in one module... two
modules.. .. (one other student agrees). V!

One way to understand this match of “having fun” and the perceived “time in-
efficient transfer of knowledge” is to consider what the students expect from typical
teaching in physics. In this work, the students’ expectations are described by using
the concept of the implied physics teaching from [15] as a tool. In short, this implied
physics teaching®™ is teacher-centered and transmissive, emphasizing content, knowl-
edge, and calculations over context, history, philosophy, and application. Fig 16 shows
the different types of engagement categorized as either within or outside the implied
physics teaching (indicated by a blue circle). This figure reveals that students taught
in the “Unbreakable” course are primarily engaged in ways that lies outside the implied
physics teaching. It is also clear that the most commonly observed type of engagement
in Fig. 16 is emotional engagement (shown with green color) while only the behavioral
and cognitive engagement (shown with yellow and blue color) are represented in the
implied teaching. This mismatch of the emphasis on emotional engagement and the
implied teaching might shed light on why the students perceive the teaching as time
inefficient and get disengaged.

3.2.2 Shut up and calculate

The most common types of observed engagement were emotional and did not align
with the implied physics teaching. However, the blue circle in Fig. 16 shows that many
students were cognitively engaged in activities such as calculations and quantitative
data analysis, which did match the implied physics teaching. This might show that
high school students appear to be already socialized into a culture where physics is for
the students who can adopt the traditional “shut up and calculate” teaching style in
physics [11]. This opens up for both a potential to engage students with well known and
expected calculation exercises but there is also a risk of cultivating the “Shut up and
calculate” culture which is reported to lead to disappointment and excluding a group of
students who do not get engaged by this teaching style [14].

Interestingly, no observations or group interviews showed students being engaged by
the summary and evaluation activities, which were designed to mimic and train exam
formats and highlight the exam relevance of the teaching. Hence, engagement from the
exam training is not included in Fig. 16 as this was simply not observed.

xxvii Corresponding to Fig. 7.
xxvili Original quote in Danish: “Jeg har lert hertil, for alt det vidste jeg ikke, men jeg kunne godt have
lert det hele pa et modul... to moduler. (En anden elev er enig.)”

*xixDescribed in details in [15, Table 1].
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SUBSECTION 3.3
Teacher trial

Figure 17. A picture from the online group interview of the two trial teachers.

The students tests were followed by a teacher trial were two high schools teach-
ers taught the “Unbreakable” course on their own without observers. A class with
math-physics-chemistry-specialization and a class with biotechnology-specialization were
taught in this teacher trial. A semi-structured group interview was performed with the
two trial teachers™>*. The teachers were generally satisfied with the quality of the course
material:

It is quite clear to those who are going to carry this out that it (“Unbreakable”) has
actually been thought through and that it actually works. ¥

However, the teachers were aligned with the students expectations from the implied
physics teaching and requested more theory and calculation exercises which they were
familiar with:

A bit more academic challenge... they might have to read something more, which they
would then have to relate to. So either differentiate more or at least make it more
complez... Maybe some more calculations, maybe more of what they are familiar
With.XXXii

This request for more well known elements from the implied physics teaching is
aligned with the results from the student tests and is not affecting the answer to the
research question of this work. Also, most of the group interview ended up focusing on
how the teachers were supported by the course material material which is not the scope
of this work. However, a number of interesting topics arose which can be of interest in
future works.

For example, the teachers expressed that the course material helped them to teach
a novel topic they did not know before:

***The transcript from the interview of these two trial teachers are not included in the appendix as
they do not focus on the research question of this work, but the transcript is available upon request.
xxxiQriginal quote in Danish: “Det er helt tydeligt for dem, der skal afvikle det her, at det er faktisk
tenkt igennem, og at det virker faktisk.”
xxxiiQriginal quote in Danish: “Noget mere faglig udfordring ... at de mdske skulle lese et eller andet
mere, som de sa skulle forholde sig til. Altsa enten differentiere mere eller ¢ hvert fald gore det mere
komplekst ... Maske noget mere regning, maske mere det de kender.”

Teacher trial
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I haven’t really looked up knowledge about quantum encryption either, so it was
actually nice that I've gotten some idea about what kind of a concept it is. So yes, I've
also learned something.. i

The teachers also got new experiences with didactical designs following the “6F”
model [28] where students are exploring before getting an explanation:

In the first module I just gave such an intro because I usually do it... But I found out
that you shouldn’t do that... It’s simply about just trying to sit on your hands and not
say too much.*x1Y

These quotes indicates that the “Unbreakable” course fulfills the second design prin-
ciple about supporting teachers in teaching about the new topic quantum technology
(presented in Sec. 1.4). This course might even also support teachers to implement
inquiry based approaches in their teaching. This second design principle was not the
scope of the research question of this work. However, a more thorough analysis of the
audio recording of this group interview with the two trial teachers might lead to new
insights related to this second design principle.

SUBSECTION 3.4
Conclusion and discussion

3.4.1 Phase A and B

Part A and B of this work have presented the development process of the “Unbreakable”
teaching course concerning quantum communication. Prototype testing and group in-
terviews have been used extensively to gain insight about what will engage the students
and about how teachers can be supported. The topic of quantum communication was
chosen for the course and a SSI concerning secrets and spies was formulated. The course
was entitled “Unbreakable” with a difficulty appropriate for B level physics in Danish
high schools. “Unbreakable” has been designed to match the core curriculum of the
physics teaching and to meet the needs of both students and teachers. The course has
been available nationally in Denmark for booking since March 2025 and it has been
booked for 93 classes classes corresponding to 2255 students as recorded on the 30th of
April 2025 (shown in Fig. 18).

3.4.2 Phase C

Phase C of this work concerned tests of the entire “Unbreakable” teaching course. A
single high school class was taught in “Unbreakable” while class room observations were
carried out. This teaching was followed by focus group interviews of the taught students.
These student tests were supported by a group interview of two trial teachers who had
taught “Unbreakable” for two classes without class room observation.

The student tests of the entire “Unbreakable” course intended to answer the research
question of this work:

¢ Research question: How can quantum communication be taught in a way that
engages students while minimizing disengagement when the teaching deviates from
their expectations of teaching in physics?

xxxili Qriginal quote in Danish: “Jeg har ikke sddan opsggt viden om kvantekryptering, s det var egentlig
fint nok, at jeg har faet en eller anden idé om hvad er det egentlig for en for en stgrrelse. Sa ja, Jeg
har ogsa lert noget.”

xxxivQriginal quote in Danish: “I forste modul der gav jeg lige sidan en intro fordi det plejer at gore...
Men det fandt jeg ud af det skal man ikke ggre... Det er simpelthen det der med lige at prgve at sidde
pa haenderne og lade veere med at at sige for meget.”
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Figure 18. Booking data of the “Unbreakable” teaching course with descriptions in Danish.
The number and national distribution of the bookings are shown as recorded on 30th of April
2025. Data is kindly shared by the LIFE Foundation.

The student tests presented in Sec. 3.1 showed that the test students were clearly
emotionally engaged and were having fun with hands-on teaching activities following
a SSI narrative about spies and secrets. The Part 1 of the course consisted mainly
of activating inquiry based teaching activities following the “6F” model[28] with mainly
qualitative analyses. Furthermore, the core of Part 3 consisted of a digital learning game.
The SSI narrative, the inquiry based teaching activities and the game-like teaching
activity aimed to exploit the potential to engage students in quantum technology[14].
In the student tests, students did react to the inquiry-focused and game-like elements of
“Unbreakable” by having fun and being emotionally engaged. However, some students
also found the same parts of the course to be an inefficient use of time compared to
traditional physics teaching. One possible explanation for this is that the fun parts
of of “Unbreakable” deviated from their implied expectations to the teaching style in
physics[15].

To prevent disengagement caused by an unfamiliar teaching style, the course de-
sign incorporated various activities with the intention to fit the students’ expectations.
These activities included calculation exercises, quantitative data analysis, scientific back-
ground readings and exam training. Students showed engagement with the calculation
exercises, quantitative data analysis, and the acquisition of new knowledge. However,
none displayed any engagement with the exam training formats. In conclusion, this work
presents a teaching course on quantum communication that has been shown in tests to
engage students through hands-on, inquiry-based teaching, framed within an SSI nar-
rative of spies and secrets. However, if the course relies solely on this approach, some
students may perceive it as time-inefficient teaching. Hence, an appropriate amount of
well known calculation exercises and quantitative data analysis can meet the students’
expectation to the implied physics teaching[15]. The optimal balance is most likely to
have a high frequency and variation of teaching activities [25] with the aim to stimulate
both emotional, behavioral and cognetive engagement [22].

Contrary to the intentions of the course design, exam training exercises did not seem
to engage students in the student tests. These student tests were however performed in
the Fall semester many months before the Summer exams. For future studies, it may be
relevant to examine if exam-like teaching exercises can meet the students expectations
to the implied physics teaching at different times of the school year.

As shown in Fig. 16, observations of emotional engagement outside the implied
physics teaching were far more frequent than those of behavioral and cognitive engage-
ment within it. Hence, the “Unbreakable” teaching course seems to be efficient at
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engaging students in a specific way. Efficient teaching courses like “Unbreakable” could
be valuable for future recruitment in quantum technology and other fields in physics, if
it could play a role in shaping students’ perceptions of implied physics teaching. With
"Unbreakable’ set to be taught to thousands of students nationwide, it presents an op-
portunity for large-scale studies on how students’ views of implied physics teaching can
be affected and potentially change over time.

It is also worth noticing, that the implied physics teaching in Fig. 16 is highly spe-
cific to physics. Student expectations may differ in other natural sciences, and different
teaching methods may be needed to engage them compared to those used in the “Un-
breakable” course (methods shown in Table 1)). Similar studies on engagement and
expectations in various natural sciences, or even interdisciplinary teaching, could be
both challenging and highly valuable for science education.
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APPENDIX A — SELECTED INTERVIEW TRANSCRIPTS

SECTION A

Appendix A — Selected interview transcripts

In the following are selected machine transcripts of group interviews from the student
tests in Phase C of this work (presented in Sec. 3.1). All transcripts are in Danish
as the interviews were performed in Danish. Only transcripts containing direct quotes
used in this work are included. Additional group interviews were conducted, but their
transcripts are not listed here. To access these, please contact the author.

Likewise, teacher interview transcripts from the teacher trial (presented in Sec. 3.3)
have been omitted, but they are available upon request.
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Interview - 1G

Audio recording transcribed by transcription function of Microsoft Word and manually
corrected.

Transcript

00:00:00 Speaker 1

... Nar og skrive alt det ned i siger.

Ikke fordi sa far jeg virkelig, virkelig travlt

N3, vi skal lave en lille gvelse.

00:00:07 Speaker 1

Der er hel masse billeder her, og i skal faktisk op at sta.
00:00:11 Speaker 1

Sa i skal kigge pa de her billeder.

Jeg deler bare lige nogle af dem ud.

Og séa skal i veelge et billede, som i synes beskriver den oplevelse i har hafti dag.
Det vi har lavet sammen.

00:00:24 Speaker 1

Og vi ma ikke tale nu i kigger bare og tager et kort som | selv synes passer til det i har
oplevet.

00:00:40 Speaker 1

Og sa tager i bare det kort, | synes passer.
00:00:50 Speaker 4

Sadan her.

00:01:08 Speaker 1

Sa maigerne sidde ned igen. Nu spgrger jeg en af en hvorfor i har valgt det pa i har valgt,
og vi vil virkelig gerne have | er zerlige fordi sa kan vi ga hjem og gare det her bedre som Vi
har. Vi har oplevet i dag, sa i ma meget gerne sige jeres eerlige mening. Vi kan godt tale
det.

00:01:25 Speaker 1



M, kan du starte med at forteelle hvorfor du valgt?
00:01:26 Speaker 5

Ja. Jamen Jeg har valgt. Hende her eller ham her. Han tager billeder fordi jeg foler Jeg har
Sadan en observeret og noteret ja i dag. Ja.

00:01:44 Speaker 1
Du har observeret. Er det noget | Plejer at gare i fysik?
00:01:47 Speaker 5

Ja. Fordi Jeg synes Det har veeret ligesom normal fysik, men méaske lidt sjovere, lidt mere
Sadan legende pa en eller anden made.

00:01:56 Speaker 1
Hvordan har det veeret anderledes, nar du siger sjovere?
00:01:59 Speaker 5

Jamen det der med at det har veeret sddan en hel case med at vi sddan man er spion.
Det har veeret meget spaendende at falge sadan en.

00:02:10 Speaker 1

Sadan at der var en historie. Ja.
00:02:15 Speaker 5

JaEnlille leg.

00:02:17 Speaker 7

Jeg har valgt det her billede. Jeg tror at jeg teenker bare vi allerede har veeret til noget
samarbejde i dag. Sadan vi har hele tiden vaeret en grupp. og talt ting eller... lavet og
undersggt med andre folk og diskuteret.

00:02:30 Speaker 1

Det der med grupper, er det noget i gar normalt?
00:02:33 Speaker 7

Ja vi laver ret meget opgaver i grupper.

00:02:37 Speaker 1

Og hvordan, hvad synes du om det?

00:02:39 Speaker 7



Det synes jeg er meget fint, sddan hvis man ikke kan finde ud af det, sd kan man jo
spgrge den anden.

00:02:46 Speaker 4
Tak. S?
00:02:49 Speaker 8

Alts4 lidt det samme som M, faktisk. Jeg har valgt den her og Saddan lidt ogsa der Sddan
absorberer. Det er ogsa og Sadan tager det til os, og Sddan at den er sa stor foran. Fordi
der var ligesom mange ting, vi skulle teste, s men Jeg synes der har vaeret Sadan rigtig
mange ting til og Sddan gvelserne har veeret lidt for mange maske.

00:03:06 Speaker 1

Der har vaeret for mange gvelser? Sa har det veeret lidt sveert at overskue?
00:03:11 Speaker 8

Ja, Jeg tror ogsa det haenger lidt sammen med, at det har veeret lidt

altsa Sadan Vi har veeret Sadan forskellige og det er noget vi fgrste gang praver.
00:03:21 Speaker 1

Hvad hedder du?

00:03:25 Speaker 6

Julie

00:03:27 Speaker 6

Lidt i forleengelse med, hvad lige hvad de ogsa sagde, men ogsa lidt med det S sagde.

Det er ikke fordi der har veeret mange ting synes jeg. Det er mere fordi Vores sidste
forseg det gik galt. Det fungerede ikke, sa der var meget ventetid. Sa sidder man og
venter pa den der ene...

00:03:43 Speaker 1

Den der fiber.

00:03:44 Speaker 6

Ja som skal ga pa tur og Saddan. Der er meget tid hvor man maske man fgler man spilder.

Og sa er der ogsa der Vi skal ud pa gangen Sadan de der 25 m. Det kan godt veere fordi at
der bare var mange elever lige der hvor vi stod men der var Jeg tror der var 8.

Kom og veeltede og rev det fra hinanden, sa.



Det var ogsa fgrst Sddan, sa skulle man lige samle den op. Du ved Det var Sadan.
Lidt upraktisk.

00:04:07 Speaker 1

Jaja.

00:04:08 Speaker 6

Men Det er meget spaendende emnemaessigt.

00:04:10 Speaker 1

Hvad mener man ser spaendende, hvad Der er spaendende.

00:04:15 Speaker 6

Jajaaltsd Det er lidt et nyt emne.

Altsa Der er mange — Det ved jeg ikke — nye begreber samtidigt med, at der er begreber
man kender.

Og sa er det jo ogsa noget, man kan relatere til dagligdagen, altsa hver dag. Det der med
Wifi fibernet Sadan.
00:04:39 Speaker 1

Var der noget af det, som i hgrte hinanden sige som | var uenige eller enige i? og hvorfor
det? Hvad var du enigi?

00:04:47 Speaker 5
Det J sagde ikke.
00:04:51 Speaker 5

Det der med at det ligesom var nyt, og der var meget at skulle Sadan se til, men alligevel
sé var det ogsa gjort pa Sadan en made. Det var ikke helt uoverskueligt. Altsa fordi der
var stadig noget vi kendte, som vi kunne bruge til ligesom at ja lsere noget nyt ogsa det
der med at vi Sddan blev fart igennem den her historie, gjort det ogsa lidt nemmere som
at forholde sig til.

00:05:11 Speaker 1
Er der noget andet, som nogen har sagt, somi er enige eller uenige.
00:05:19 Speaker 8

Altsa Jeg er enig i det. Ida sagde med grupperne, at vi ligesom sammen s3 i
feellesskabet. Saddan laver noget sammen.



00:05:26 Speaker 1

Var det noget godt eller darligt? Det var godt?

00:05:27 Speaker 8

Ja altsd maske det. Jeg ved ikke helt maske brugte vi lidt tiden ogsa pa lidt andet.
Sadan overordnet set var det ret godt.

00:05:35 Speaker 5

Det er ogsa fijerde modul.

00:05:37 Speaker 5

Jeg tror faktisk lige en. Det er jo nok ikke mere. Nu havde vi jo 2 moduler i streg. Deter
maske lidt meget. Det er det jo i alt alts. Jeg synes 100 minutter er meget. Men Det er jo
ikke jeres skyld. Det er bare sadan det var.

00:05:51 Speaker 1
Det er sidst pa dagen og det er andet modul ja.
00:05:56 Speaker 1

Det her, Det er jo et undervisningsforlgb til fysik Som jo gerne skulle hjaelpe med at
saette elever med at laere noget fagligt indhold og denne jeres oplevelse af at have leert
nogetidag.

00:06:10 Speaker 1
Hvad taenker du har leert noget om?
00:06:14 Speaker 5

Altsa. Jeg havde ingen ide om hvad noget af Det var, men nu tror jeg Jeg har en ret god
forstaelse for det. | hvert fald ogsa det der med Sadan. Der er mange af de her ting man
har hgrt om far, for eksempel med Sadan nogle spioner, som jeg aldrig har teenkt mere
end Sadan. Der er nogen der kan ggre et eller andet som som kan et eller andet. Men
altsa nu tror jeg Der er lidt mere Sadan en forstaelse for hvad Det er de egentlig kan, og
hvad Det er de finder ud af og sa videre.

00:06:38 Speaker 1

Og taenkeriandre? Hvad er jeres oplevelse at have leert meget.
I ma gerne veere eerlig. J hvorfor griner du?

00:06:47 Speaker 6

Ja maske lidt begreenset Sadan.



Jeg tror mange af tingene foler jeg lidt. Jeg har vidst i forvejen, og det jeg ikke har vidst
mangler jeg vidst lidt kontekst. Sadan altsa Jeg tror ikke helt jeg ved at jeg skal bruge det
til?

00:06:59 Speaker 1
Hvad er det for nogle ting du har haft om i forvejen?
00:07:02 Speaker 6

Altsa det her med balgeleengder og frekvens, og sa ved jeg ikke om det bare er mig. Men
det der med altsa de der etter og nultaller Det er Sddan det fgler Jeg har haft om for.

00:07:09 Speaker 1

Ja.

00:07:12 Speaker 6

Sa det Sadan. Det var der ikke noget nyt i.

00:07:18 Speaker 1

Sa Det har lidt sveert ved at se hvad du skulle fa Ud af eller hvordan?
00:07:20 Speaker 6

Ja. Jeg foler ikke. Maske at Jeg har

00:07:26 Speaker 6

Jeg ved ikke, om man kan sige Sadan rykket mig 2 moduler. Sadan Jeg foler ikke Jeg har
faet Sddan nogen nye fagbegreber endnu. Det kan godt vaere det kommer senere pa
ugen.

00:07:39 Speaker 1
Det er godt du siger det. Hvad teenkeri 27?7
00:07:43 Speaker 7

Jaeg har det samme som J. Sddan altsa. Vi har jo leert S&dan de her fagord, som Vi har
haft i dag. Sddan ogséa har vi leert alting S&dan bag dem agtigt pa det s& Sadan. Det er
ikke fordi Jeg har faet s& meget viden ind, men altsa Det er jo meget speendende.

00:08:03 Speaker 1
S4 hvad teenker du?

00:08:04 Speaker 8



Det er ogsa lidt det samme, men Sadan altsa. Vi har jo lidt haft om det som du siger,
men Vi har ikke rigtig Sddan prgve og saette det i praktisk pa Sddan noget. Altsa Sadan
arbejde med det.

00:08:17 Speaker 1

Var der noget, som i vil supplere med her til sidst. Noget i synes der var kedeligt. Noget i
var overrasket over noget der fungerede godt. Eller Det kan veere i sidder med nogle
idéer og teenker, hvorfor gjorde i ikke Sddan og Sadan? Det har virket bedre, eller?

Sadan lidt frit slag.
00:08:32 Speaker 5

Det var mega grineren det der med at man skulle Saddan kode til hinanden og man lige
altsa. Det handlede ogsa lidt om at lave sine egne systemer altsa hvordan Jeg vil tegne
Sadan at nul er maske gar ned og et gar op eller et eller andet og vi ogsa skulle pragve at
regne hinandens systemer ud. Det synes Jeg er meget sjovt.

00:08:51 Speaker 1

Er der noget andet | andre sidder med, som i teenker, Det var seerligt godt saerligt darligt
det nok hvad i har nogle forslag.

00:09:01 Speaker 8

Altsé jeg teenker at det méaske Sadan kunne have veeret godt, hvis Bjarne havde Sadan
sagt lidt mere fordi jeg fgler S&dan vi fik pa en eller anden made Sadan at vide vi skulle
bare komme Videre til naeste Sadan gvelse, og sa skal vi Selv finde ud af det henne pa
vejen.

00:09:12 Speaker 1

Og hvad kunne du have gnsket?

00:09:13 Speaker 8

Maske Sadan bare lidt mere Informationer Sadan fra den side af.

00:09:17 Speaker 1

At han fortalte noget mere, altsd om det faglige eller hvad?

00:09:20 Speaker 8

Ja altsd begge Sadan ting fordi vi ligesom stod i gvelsen, og hvis det farst gik galt.
Sa fik man jo kaldt pa lidt hjeelp.

00:09:25 Speaker 1



Du vil gerne have haft Sddan en introduktion, hvor han havde fortalt jer om hvad skal |
gare?

00:09:30 Speaker 6

Ja, eller bare en skriftlig altsa en eller anden form for opgaveformulering eller
fremgangsmade.

00:09:33 Speaker 1

En hvordan ser. Hvordan ser Sddan en om ud normalt?
00:09:39 Speaker 5

Bare Sadan noget med at tingene skal saettes op Sadan her og man skal gare det her.
00:09:43 Speaker 1

Ja OK og det savner du her.

00:09:45 Speaker 6

Jeg stod heller ikke der, hvor jeg skulle daekke det til.
00:09:48 Speaker 6

Nej.

00:09:49 Speaker 6

Det kan veere det, der har gjort det, men det havde vi misset. Det tror jeg ogsa | havde
ogsa.

00:09:53 Speaker 1

Ja, men der erivanttil at f noget mere Sddan sa hvordan | skal gare.

00:09:55 Speaker 6

Altsa ja. Det er Sadan. Sa skal man gare det her og ud fra det sa far du de her tal.
00:09:58 Speaker 2

Og séa skal du beregne det.

00:10:00 Speaker 5

Og séa skal man beregne dem pa den her made.

00:10:00 Speaker 6

men sa star der maske ikke lige hvilken made du skal beregne det pa, men.

00:10:04 Speaker 6



Mere det der med at. Nar det er noget man ikke har gjort far, sé tror jeg Det er sddan man
kigger pa hvad de andre gor. Sa tror. Jeg bare Det er Sddan lidt S&dan lidt geetteri.

00:10:17 Speaker 1

Og erivanttil, nariogsa nari har det pa skrift, at i s ogsa er vant til at starter med at
forteelle, hvad Det er, man skal.

00:10:18 Speaker 4
Ja
00:10:24 Speaker 5

Jeg tror det Det er lidt blandet. Det kommer lidt an pd hvem man har. Det kommer an pa
leereren.

00:10:32 Speaker 5

Men Jeg tror ogsd maske godt vi kunne have brugt Sadan nogle, ligesom vi gjorde helt i
starten Sddan nogle spgrgsmal man kunne sidde og Sddan undre sig over at snakke om
man godt kunne have det Sadan efterfulgt af nogle af gvelserne. Altsa hvordan kunne
det se ud i den virkelige verden eller Saddan et eller andet?

Sa man lige kunne taenke en gang mere over det.
00:10:53 Speaker 1

Super godt — kan vi lige lukke dgren?

00:11:00 Speaker 8

Altsa det med at vi bade skulle forholde os til papir og pa hjemmesiden jamen det synes
jeg var lidt forvirrende, fordi sé sidder jeg pludseligt inde pa hjemmesiden, hvor jeg rent
faktisk skulle veere ved papiret.

00:11:09 Speaker 1

Ja, Det var sveert.

00:11:12 Speaker 1

Er der andet i synes Vi skal tage ned.
00:11:15 Speaker 5

God hjemmeside, den kunne jeg godt lide.
00:11:18 Speaker 1

Hvorfor kunne du godt lide?



00:11:19 Speaker 4

Den var overskuelig

00:11:21 Speaker 6

Altsa. Der var ikke seerlig mange ting at klikke pa.
00:11:24 Speaker 1

Ok, og det er en god ting?

00:11:26 Speaker 5

Ja, nogle gange. Det kommer an pa hvad man skal, men Jeg synes sagtens, at alt det her
godt kunne have veeret inde pa hjemmesiden. Altsa det ved jeg ikke om Det er ja.

00:11:31 Speaker 6

Der var ogsa noget der var inde pa hjemmesiden.

00:11:33 Speaker 5

Jeg faler at den der s slipper man ogsa for at printe det hele ud.

Sa hvis nu man kunne besvare det hele pa hjemmesiden, sa vil det gare det lidt
nemmere, tror jeg.

00:11:45 Speaker 6

Eller ej? Det ved jeg ikke, men downloade nogle dokumenter fra hjemmesiden
Eller et eller andet. Fordi at de der (papirer) de er her ikke neeste gang.
00:12:00 Speaker 1

Alts4 1000 tak Det er sa brugbart alt det | har sagt. og vi kommer jo igen ogsé onsdag og
torsdag. Vi nar ikke at veere noget som helst til i for eksempel torsdag, sa der kommer vi
med det Vi har. Og s4 tror jeg faktisk Vi skal interviewe jer igen bagefter, s Det har veeret
virkelig fedt at i havde lyst til at sige hvad i taeenkte meget brugbart for os.

00:12:12 Speaker 4

Det var s4 lidt.



Interview - 1P

Audio recording transcribed by transcription function of Microsoft Word and manually
corrected

Transcript

00:00:06 Speaker 1

Har i taget et alle sammen.
00:00:11 Speaker 1

Sa skali hver iseer. Vitager lige Sddan en runde, sa skal | fortaelle hvorfor i har valgt det
kort i har valgt og Vi er meget nysgerrige pa hvordan i oplever det her. Jo og vi Jeg kan tale
at Hare alt. Sa i skal virkelig bare veere zerlige, ikke?

Ja, er der en der har lyst til at starte?
00:00:33 Speaker 3
Ja Det er Sadan.

Altsa svaerhedsgraden. Det er Sddan noget af. Det var meget Sadan lidt og meget nemt
og Sadan noget, sa var der andet, der var lidt sveerere.

Og sa ogsa det lilla pa de der papirer. Det var lidt for Sddan markt. Jeg kunne ikke. Vi
kunne ikke tegne pa det og Sddan se hvad Det var man skrev i hvert fald ja.

00:00:52 Speaker 1
Ja. og hvad... Kan du sige lidt mere om det der let og s& svaert og?
00:01:02 Speaker 3

Altsa Jeg synes det farste. Det var meget Sddan nemt at forsgge noget. Det var meget
Sadan ret enkle. Det var mere databeregning, der var Sadan en lille smule svaerere, men
alligevel er det lidt under vores niveau. Jeg siger maske.

00:01:19 Speaker 2
Ja.

00:01:20 Speaker 2

Ja tak vil du fortsaette?

00:01:23 Speaker 4



Ja, Jeg har valgt vejarbejde kortet fordi vi ja har arbejdet med lidt forskellige ting og sa
stedte vi ogsa pa problemer. Specielt med det der vi skulle lave pa det lilla papir det
store lilla papir hvor vi sendte laseren igennem de forskellige leengder og den der.

Hvad hedder det?
00:01:45 Speaker 2
Optisk fiber
00:01:45 Speaker 4

Optisk fiber og Det var lidt irriterende fordi Det er jo altsa. Det er jo egentlig en ret nem
del af det som bare skal overstas. Altsa det. Vi skal jo bare have nogle malinger og det vi
kunne ligesom ikke rigtigt fa nogle ordentlige tal.

00:01:57 Speaker 4

S4 vi kunne...Vi ndede aldrig videre til at regne péa dataen

00:01:58 Speaker 1

Men det kommer naeste gang. Og hvad... var det bare noget praktik der var bgvlet eller?
00:02:04 Speaker 2

Jeg ved det egentlig altsa ikke fordi vi altsa. Jeg ved ikke hvad Det var, fordi vi deekkede
det til med jakker og halstarkleede, og sa der ikke kunne komme noget lys ind, der
pavirkede. Og sa fik vi ogsa skiftet den der maleting multimeret der, men det det
fungerede bare ikke, men Det kan alt muligt ja.

00:02:25 Speaker 5

Ja, Jeg har taget denne her mand der sidder og teenker lidt efter, og Det var ogsa det som
lige er kommet lidt ind pa det her med at Jeg synes at Det er meget godt at lave Sadan
nogle forsgg og sa til sidst ligesom skulle sidde og bruge hovedet eller regne lidt den der
behandling som vi i hvert fald ndede ind til.

00:02:42 Speaker 1

Og hvordan er den reekkefglge? Er det Sddan, det plejer at veere, eller er det noget andet
eller?

00:02:45 Speaker 5
Altsa, vi plejer nok ogsa at lave forsgg og sa bagefter databehandle.
00:02:49 Speaker 1

Jajaja.



00:02:53 Speaker 6

Na sa jo jeg skiftede faktisk ja, fordi jeg kom til at teenke pa noget andet. Jeg vil gerne Jeg
har valgt. Jeg har valgt den her med edderkoppen fordi at Jeg synes at noget af Det var
Sadan Det var meget spaendende og meget Saddan sjovt ligesom at edderkoppen den
Sadan nok synes Det er ret fedt at have et spind men sé vil jeg ogsa sige at der var noget
af det der var Sddan. Nogle af tingene var ret uklare Sddan besveerligt at hvad man
egentlig skulle ligesom der nok synes Det er ret sveert nogle gange, og sa var det Sadan.
Det var meget af det samme.

00:03:21 Speaker 1
Kan du huske, hvad Det var, der var?
00:03:23 Speaker 6

Ja det var meget det der maden nogle af tingene formulerede, hvad man skulle gare. Der
var det Sadan lidt. Jeg fgler der var lidt i tvivl om, hvad jeg egentlig skulle gare.

Sa Det var en af de mest formulationerne pa nogle af opgaverne, og sa var det meget det
samme ligesom edderkoppen nok ogsa kun bygger en slags spind.

00:03:40 Speaker 1
Og hvad var det, der var det samme?
00:03:42 Speaker 6

Det var mere opgaverne. De var Sddan lidt ensrettede. Det var Sddan jeg havde godt et
forstaet princippet efter den fgrste opgave med de optiske fiber Sddan sa forstod jeg
godt princippet er det ogsa.

Sa var det ikke ngdvendigt, sa det blev flere.

00:03:53 Speaker 1

Og sa var jeg bare helt nysgerrig efter hvad man ville sige til den her.
00:03:55 Speaker 6

Men Det var fordi at Sddan Jeg synes ogsa Jeg er ogsa Sadan lidt neutral omkring det
hele. Det var ikke fordi Det var Sadan forfeerdeligt, men Jeg synes da ikke Det var Sadan
mega spaendende, sa derfor sa rgg jeg op neutr.

00:04:08 Speaker 1
Ja og sa har jeg lidt ekstra spgrgsmal.

Og Det er det her med, at Det er jo et undervisningsforlgb til fysik som gerne skulle. Ja
Det er noget, som der er mange der gerne skulle leere noget af.



S4 viville gerne hagre hvad hvad er jeres oplevelse af at have laert noget i dag?
| har jo veeret lidt inde pa det nogle af jer.

Men hvad teenker | hver isaer?

00:04:34 Speaker 3

Altsa Jeg synes maske Det er meget godt, at | har valgt Sddan et emne. Der er meget
Sadan aktuelt der med Spionage og sadan noget.

Og at vi sa sadan lidt leere omkring det. Det var meget fint.
00:04:47 Speaker 4

Ja Jeg synes ogsa det haenger godt sammen med, hvad vi allerede har leert om lys og
bolger og Sddan noget, sa Det er godt at begge oven pa det pa det pa den made.

00:04:57 Speaker 5

Ja at Det er Sadan lidt repeterende, men ogsa at der kommer noget nyt ind i forhold til
det med fiber og spionage.

00:05:06 Speaker 1

Hvad med dig, Anders?

00:05:06 Speaker 6

Tjoe, jeg... Jeg har ikke Sadan rigtigt noget at tilfgje udover det.

00:05:14 Speaker 1

Var der noget, som i synes var kedeligt? Eller Sddan mindre godt?
00:05:23 Speaker 1

Havde i andre det ogsa Sadan, at der var mange gentagelser ligesom A?
00:05:27 Speaker 3

Jeg havde nok ikke behgvet at lave det der det farste altsa. Det var et sjovt forsgg. Det
der med sadan at afkode det der bineere. Men Det var ikke fordi. Det var sveert pa den
made. Nej.

00:05:44 Speaker 1
Gor det det kedeligt eller hvad?

00:05:46 Speaker 5



Det ved jeg ikke. Jeg tror bare godt vi kunne. Maske Jeg tror godt vi kunne have naet at
lave mere agtigt. Altsa det gar ikke sa hurtigt. S& man kan nok godt have naet at lave
noget mere pa den tid vi har brugt i dag.

00:05:57 Speaker 1
Ja det giver mening. Var der noget i Sddan var overrasket over.
00:06:06 Speaker 3

Altsa Jeg synes Det var fedt at sidde og lege med den der optisk fiber til at starte med,
fordi jeg vidste ikke hvad Det var eller ogsa sa Det var fint lige at opdage det.

00:06:17 Speaker 1
Men Det var ogsa den der var meget simpel, ikke?
00:06:19 Speaker 3

Jo, men Det var jo Det er til at starte med. Sa den havde jeg ligesom Det var den jeg
havde brug for, tror jeg i forhold til de andre ja.

00:06:25 Speaker 1

Ja bare lige se hvad Det var ja.

00:06:30 Speaker 3

Ja.

00:06:34 Speaker 1

Hvad synes i om filmen?

00:06:37 Speaker 3

Altsa Det var sjovt nok Det var. Det var godt lavet.
Der var jo ikke nogen slutning.

00:06:44 Speaker 3

Den teenker jeg vi snart nar til.

00:06:48 Speaker 1

Jeg tror ikke, at der findes nogen slutning.
00:06:51 Speaker 5

Jeg teenker den. Det er meget Saddan. Det er nok meget sjovt Sadan en start eller
introduktion i at lave fordi s ved man ligesom hvad baggrundens-ideen bag Det er agtigt
i forhold til, hvis vi bare havde sat os ned og leget med en optisk fiber, sa pa den made



synes jeg det giver en meget god Sadan start for ligesom at fa en historie lidt med ind
over det.

00:07:13 Speaker 1

Harinogle idéer til &ndringer?

00:07:21 Speaker 3

Maske ga hurtigere igennem det.

00:07:23 Speaker 1

Ja

00:07:25 Speaker 3

Det kommer jo an pa Sadan det niveau, som klassen er pa.
00:07:27 Speaker 1

Ja men altsé ja, for jer plejer det at ga hurtigere?
00:07:32 Speaker 1

Jajaja.

00:07:37 Speaker 1

Er der andet breender inde med? Nej altsa jeg var faktisk. Jeg har faktisk et lidt teknisk
spergsmal, fordi | brugte slet ikke det der elefantslot. Er det helt bevidst, eller er det bare
fordi | aldrig rigtig opdagede det?

00:07:49 Speaker 6

Jamen jeg var ogsa lidt i tvivl om, hvad det skulle bruges til.
00:07:51 Speaker 4

Vores gruppe brugte til at saette laser og de der optiske ting fast.
00:07:56 Speaker 3

Den var der ja, den var jo pa den video med QR-kode der sa jeg sa den godt og jeg ved
ikke, om Det er noget jeg faler Jeg er vildt meget brug for, men Det kan godt veere.

00:08:06 Speaker 5
Jeg lagde ikke lige meerke til, nar det skulle bruges til.
00:08:07 Speaker 3

Brugte | den, fordi | sd den pa papiret, eller var det Bjarke, der...



00:08:12 Speaker 4
Ja, men Det er ogsa fordi vi ikke altsa sa sa den bare helt fast i stedet for vi.
00:08:18 Speaker 4

Ogsa nar vi lagde jakker ovenpa for at serge for at der ikke kommer lys ind, sa kan man
ligesom sgrge for, at Det er ikke ryggen pa noget, sa det hele bare sidder bedre fast.

00:08:28 Speaker 1

Ogivar bare mega gode til at samarbejde om det der.
00:08:30 Speaker 5

Ja.

00:08:32 Speaker 1

Ja OK jamen 1000 tak for jeres hjeelp
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00:00:28 Speaker 2

Alts4 ligesom i gar geelder det jo, at vi vil jo virkelig gerne have jeres eerlige feedback, og
Det kan vi bruge til mest, sa vi kan ga hjem og. Rette alt det der maske skal rettes, sa nu
vil jeg rigtig gerne have i ligesom i gar. Vi tager en runde, hvor i forteeller hvorfor er i valgt
som i har valgt.

00:00:43 Speaker 1
Ja

00:00:45 Speaker 2
Vil du starte?
00:00:46 Speaker 1
Ja.

Det har veeret.

Altsa Jeg synes Det var Sadan ret spaendende dag og jeg fik Lidt mere ud af det end i gar
og fik mere baggrundsviden i det. Altsd Sadan. Ja, man leerte mere i dag.

00:00:58 Speaker 2

Séadan ja okay, var der noget szerligt du falte du du fik med i dag som du ikke vidste far?
00:01:06 Speaker 1

Sadan lidt baggrunden for, hvordan de der fibre virker ogsa.

00:01:14 Speaker 1

Ja Jeg har valgt den her, fordi jeg teenkte at jeg godt kunne lide den tilgang vi sadan tog til
opgaverne med at vi sddan fik meget lidt informationer som vi selv skulle
eksperimenterer med og kom frem til et eller andet, sa der var noget der var Sadan skjult
for os. Eksempel kom frem til noget.

00:01:32 Speaker 2

Er | vant til det?



00:01:33 Speaker 1
Det synes jeg ikke.

Synes altsa nogle gange det kommer lidt an pa underviseren og faget, men Det er Sadan
meget sjovt nogle gange selv at fa lov til at vi selv er i gang med at eksperimentere og
undersgge og sa. Selv kunne drage nogle konklusioner.

00:01:46 Speaker 2

Var det bade den del, hvori skal sidde og regne sammen og spillet. Eller var det den ene
af delene?

00:01:51 Speaker 1
Begge dele

00:01:51 Speaker 2
okay fedt

00:01:55 Speaker 4
jaJeg har valgt den her. Jeg synes den ser lidt Sddan. Undrende og interesseret ud, for
Jeg synes det vi lavede i dag, var spaendende.

00:02:02 Speaker 4

Og séa sjove opgaver man kunne sidde og arbejde med Sadan her i et par hvor man
ligesom. Det der med fotonerne, hvor der ligesom er en afsender og modtager, hvor at
man kunne se om. De géar igennem eller ikke?

00:02:18 Speaker 2

Du fremhaever mest det der med par. Hvordan med den der del hvis | sidder og regner i
Tremandsgrupper

00:02:23 Speaker 4

det synes jeg ogsa... Det var.. synes jeg det kunne jeg ogsa godt lide. Eller det det synes
jeg ogsa fungerer godt.

00:02:30 Speaker 3
Dejligt ja. Jeg har faktisk valgt 2.
Jeg har valgt ham her.

Fordi han er Sddan mega overrasket og lidt Sddan det samme som A. Det er meget
spaendende. Vi leerte noget nyt, men Jeg synes dog godt vi kunne have faet lidt mere



instruks til den farste. Altsa jeg ved ikke om det bare var os, men vi var lidt forvirrede om
Sadan hvor og hvad? Det var sédan lige pludselig. Jeg tror vi skulle lidt ind i det.

00:02:56 Speaker 3

Men Sadan den sidste del Det er jo mega sjovt det der med at man fik lov selv og geette
sig lidt frem og Sadan noget, for sa faler jeg at man laerer mere, ndr man selv ligesom har
lavet tankerne farst. Og sa har jeg valgt den her Fordi hun kunne jo faktisk godt lidt veere
Sadan et der de der spioner der for det synes jeg ogsa Sadan lidt Vi har lavet af i dag
igen. Jeg tror han sagde i gar eller mandag eller hvornéar Det var det der med at Det er
meget fedt. Vi har Sddan en Tema vi fglger altsd Saddan, at det handler om at veere Sadan
en spion eller S&dan et eller andet. Det synes Jeg er meget sjovt, at Der er noget at ja at
folge.

00:03:31 Speaker 2

Hvordan i forhold til den der matematik vi ikke laver en del matematik i dag, hvor i skulle
sidde og bruge en form eller en relation sa hvordan hvordan har det veeret?

Sigerdu I?
00:03:43 Speaker 1

Altsa vi havde problemer til at starte med. Efter vi lige havde faet Bjarke henne nogle
gange, synes jeg det fungerede til sidst eller vi fandt ud af det p4d en made og sé gav det
mening.

00:03:53 Speaker 3
Tror lige vi skulle i gang. Ja.
00:03:57 Speaker 1

Jeg Jeg synes egentlig egentlig meget godt og maske ogsa vi var i grupper, sa kunne man
jo snakke sammen om hvordan man skulle lase opgaven, hvis matematik ikke er ens
steerke eller en af ens spidskompetencer.

Sa det synes jeg egentlig fungerer meget godt, og hvis man var i tvivl, sa var der ogsa ret
nemt at at fa hjeelp. Det lignede ogsa det. Altsa det Vi har lavet i andre fag, altsa det der
med at man far en Formel og sa. Skal man finde en ubekendt, sa Det er noget man
kender, sa Det er meget fint at sidde med sammen.

00:04:28 Speaker 2

Yes altsa ligesom jeg spurgte her sidst, sa det her er jo et undervisningsforlab, hvor vi jo
gerne vil laere nogle Gymnasieelever noget.

Ja sé sa hvad hari lige S4dan? Hvad taenker i hvad jeres oplevelse af at have laert noget i
dag?



00:04:41 Speaker 3

Alts4 alt det der med de der filtre. Det havde jeg i hvert fald ingen ide om i gar, og jeg ved
ikke engang om vi lagde. Altséa vi teenkte 2 gange over hvordan vi lagde filteret i gar. Jeg
tror bare Det er meget fint. Vi Sadan dykker lidt ind i alle de ting, man ikke rigtigt skulle
tro der var sa meget til, og det er der jo alligevel.

00:04:44 Speaker 2
Ja.
00:05:03 Speaker 1

Ja Det er en meget fin made Sadan at bygge ovenpa det vi ligesom leerer undervejs, sa
na OK sa det er ogsa noget vi kan bygge videre pa.

00:05:12 Speaker 2

Hvad taenker i om at vi kommer igen i morgen og i skal arbejde videre? Det der spil hvad
er mavefornemmelsen omkring det?

00:05:18 Speaker 3

Det er mega sjovt.

00:05:20 Speaker 1

Jeg gleeder mig, det gleeder jeg mig til.
00:05:20 Speaker 4

Det kan jeg godt lide.

00:05:23 Speaker 2

Er der noget, som i teenker i dag? Ah, det fungerede ikke sa godt, eller det skal i lige se pa
om i kan gare lidt anderledes eller noget eller nogle gode rad til os.

00:05:31 Speaker 3

Jeg synes ikke Det var séa tydeligt i Vores spil at den kun gik Sddan 50% igennem, men vi
synes enten sa gik den igennem eller gik den ikke igennem den. Der var ikke noget
Sadan utydeligt om det.

00:05:41 Speaker 2
Digital eller der hvor | sad med laseren?
00:05:42 Speaker 3

Digitalt digitalt.



00:05:44 Speaker 3

Ogsa i forhold til den digitale. Jeg ved ikke om det bare var os, der ligesom ikke teenkte
os om, men vi fik overhovedet ikke arbejdet sddan systematisk med det.

Smitte vi testede ligesom bare alt muligt, sa nar vi kiggede pa resultaterne vi havde faet,
sa var der nogen vi havde veaeret 2 gange og sa er der nogen vi slet ikke havde lavet.

sa det skulle der maske have staet noget med at altsa man ligesom skal fa testet sa
mange mulige kombinationer som muligt. Ellers sa far man Sddan noget som hvor ost
der ikke var seerlig god. Altsa Det er ikke seerlig god data.

00:06:11 Speaker 1
Jamen Jeg er ogsa enig.

Jeg havde ikke lige forstaet hvordan man skulle afleese det der data bagefter med at Det
var Saddan 50% af tilfaeldene efter fotonerne gik igennem nar der var Sddan 45 graders
vinkel.

00:06:16 Speaker 2
Nej.
00:06:25 Speaker 1

Sa Det var fgrst da Bjarke fortalte mig sa teenkte jeg nd OK det er sddan det heenger
sammen.

00:06:27 Speaker 2

Ja.

00:06:29 Speaker 1

Fordi fgrst var jeg forvirret over, hvordan det hsenger sammen, men sa gav det mening.
00:06:36 Speaker 2

Og | ogsa der gik der lidt tid far Bjarke fortalte jer. Det er jeres data der star her.
Sadan na OK.

00:06:42 Speaker 3

Ja, Jeg tror lige man skulle forstd Sddan en sammenheaengende.

00:06:47 Speaker 2

Ja. Det er godt. Er der noget andet i vil supplerer med?

Sa skalibare 1000. Tak for i dag.



Interview — 3G

Audio recording transcribed by transcription function of Microsoft Word and manually
corrected

Transcript
00:00:01 Speaker 1

Veersgo o. k. jeg teenker Sadan. Jeg kunne nok godt have leert lidt mere. Ja, men S&dan
Jeg synes stadig Jeg har leert noget.

00:00:08 Speaker 2

JaJeg har leert en lille smule, men Det var ikke fordi Det var Sadan.
00:00:11 Speaker 1

OK, men du har vidst. Du ved ogsa meget A.

Jeg vil sige har leert s meget.

00:00:15 Speaker 2

Jamen jeg, men Det har ikke noget med det at gare. Jeg faler ikke, at Vi har lavet sadan
super meget. Vi har bare lavet meget af det samme.

00:00:21 Speaker 1

Jeg synes Jeg har leert hertil for alt det vidste jeg ikke, men jeg kunne godt have leert det
hele pa et modul - to moduler.

00:00:26 Speaker 2

Ja enig max.

00:00:30 Speaker 1

Men Jeg synes Det har veeret ret sjovt. S& jeg ville saette den her,
00:00:34 Speaker 2

du ville seette din der?

00:00:36 Speaker 1

Ja. Jeg synes, at det var en grineren, men kune godt have gjort det pa Sadan den halve
maengde tid.

00:00:40 Speaker 2



Jeg synes ogsa Det har veaeret rimelig grineren, men Jeg synes ikke rigtigt, at vi har leert
noget.

00:00:43 Speaker 1

N&? Okay, men pa linje med mig.

00:00:44 Speaker 3

... men er det, fordi du vidste det i forvejen eller er det fordi du bare ikke har leert noget?
00:00:47 Speaker 2

Men Jeg synes bare ikke Vi har. Jeg synes Det har vaeret ret ukonkret. Altsa Vi har lavet en
masse gvelser, men Det har veeret Sddan. Jamen Vi har ikke rigtig lavet noget konkret
hvor vi lzert Sddan specifikt om noget. Det har mere bare veeret mange af de samme
gvelser.

00:00:50 Speaker 3

Ja.

00:01:00 Speaker 2

Sa jeg ville seette min... her
00:01:03 Speaker 3

Ma jeg sparge, nar i har normal undervisning hvordan hvad er det der gor ati en normal
undervisning teenker ej der leerte jeg noget? Altsa hvordan kan i se det eller meerke det
eller hvad gar | i normale undervisning?

00:01:12 Speaker 2

Der faler jeg, at vi gar i dybden af noget. Jeg faler ikke rigtig. Vi har gaet i dybden med
noget specifikt her.

00:01:14 Speaker 3
Nej

Og gar i dybden er det ved at i far fortalt noget om eller leeser noget om eller | laver
eksperimenter, eller hvad gari?

00:01:20 Speaker 2
Ja, vi far fortalte noget
00:01:24 Speaker 3

Ja ok, Sa jeres leerer stiller sig op og forteeller jer noget, sé ja, sa Det er tydeligt hvad Det
erja.



00:01:27 Speaker 1

Ja Jeg synes maske ogsa godt det kunne have veeret lidt svaerere. Altsa fordi jeg vidste
ikke rigtig noget af det, men det gjorde jeg efter Sddan noget den fagrste gang, og sa
kunne man godt have bygget endnu mere ovenpa det i stedet for Sddan kere. Jeg tror jeg
havde en meget god forstaelse for det hele. Men sa kunne man bare godt have gjort det
svaerere. Ja, s& man leerte S4dan endnu mere.

Og sajaeller den maengde Vi har leert nu kan. Godt have gjort pa kortere tid, tror jeg.
00:01:54 Speaker 3

Noget af det, Vi har teenkt ret meget og lidt spaendt pa. Det er at i har siddet pa. Nu
teenker jeg ikke spilet, men i har siddet inde pa en hjemmeside og arbejdet og i har ogsa
siddet med nogle papirer hvor i skal udfylde og leese noget pa det og Saddan noget. Det
der med at man nogle gange er pa en hjemmeside og nogle gange arbejder med nogle
papirer handen. Hvordan har i det med det?

00:02:11 Speaker 2
Det synes jeg, det passer mig fint.
00:02:12 Speaker 1

Ja jeg synes ogsa det er fint, men Jeg synes det der i den farste dag eller Sddan noget der
Der er virkelig meget rod. Der var sygt meget at holde styr pa.

00:02:21 Speaker 2
Jeg Synes hjemmessiden er Uoverskuelig. Jeg synes ikke ikke den er sa...
00:02:26 Speaker 1

Men Jeg tror maske Det er det der med at Vi har haft en testversion det Jeg tror Det har
veeret meget nemmere hvis den Sadan det lige altsd man ikke Sddan kom ind pa noget
der lignede noget, men at det sa var spillet.

00:02:38 Speaker 3

Havde du den samme oplevelse af, at hjemmesiden er de fgrste 2 dage hvor vi ikke var
inde i spillet, eller hvor vi ikke kun var pd hjemmesiden?

00:02:43 Speaker 2

Ja der synes jeg ogsa Det var Sadan lidt sveert at finde rundt, fordi det allesammen
lignede hinanden. Der kunne jeg heller ikke skille forskel pa hvad Det var.

00:02:49 Speaker 3

Nej.



00:02:50 Speaker 3

Jahvordan har i det med at sidde med altsa arbejde pa ark at det ikke er digitalt men at
det er analogt.

00:02:57 Speaker 2
Det gar ikke noget.
00:02:57 Speaker 3
Finterivanttil det.
00:03:00 Speaker 1
Ja.

00:03:00 Speaker 3
Ja.

00:03:01 Speaker 1
Men spillene kunne man selvfglgelig kun lave pa computer
00:03:02 Speaker 3

Ja, men sa var der nemlig nogen i din gruppe der sagde det der med at det blev bare veek
for os de der papirer.

00:03:08 Speaker 1

Jaja altsd, Jeg tror ikke vi ville holde Fast pa dem.

00:03:11 Speaker 3

Nej.

00:03:11 Speaker 1

Sa Det er meget smart. Det er vigtige data at have det pa computeren.
00:03:18 Speaker 3

Sa har i prevet nogle forskellige typer opsamlinger og repetitioner. Jeg ved ikke om i har
lagt maerke til ati har skullet sige pa nogen billeder i skulle tale om i har lavet Sddan en
hurtig skriv hvor i skal skrive et minut. | har haft nogle samme nogle saetninger i skulle
feerdiggare et skrivefelt og Sddan noget. Vi har faktisk udsat jer fra en del forskellige ting.
Hvordan har det veeret?

00:03:27 Speaker 1

Ja. Det har ogsa veeret meget godt.



00:03:37 Speaker 2

Det ma ogsa veere meget sjovt.

00:03:38 Speaker 1

Jeg kan godt lide nar hvis man snakker Om det i klassen.
00:03:40 Speaker 3

Nar Det er klassesamtale?

00:03:42 Speaker 1

Ja, nar vi opsamler pa den méade. Ja.

Det der hurtigt skrev Det var. Kedeligt. Det kan jeg ikke lide.
00:03:49 Speaker 2

Ja, man far ikke rigtigt skrevet noget vigtigt og man teenker mere om at fa skrevet noget
end at fa skrevet noget konkret.

00:04:01 Speaker 1

Og det med billeder. Jamen det synes jeg ogsa var meget OK. Man skulle bare lige forsta
det.

00:04:05 Speaker 3

Jaja.

00:04:07 Speaker 1

Og hvad var den sidste ting vi havde lavet?
00:04:08 Speaker 3

Jamen sé sa feerdiggjorde | nogle sastninger.
00:04:11 Speaker 1

Det var det jeg snakkede om de der billeder.
00:04:14 Speaker 3

Jaja.

00:04:16 Speaker 2

Det synes jeg ogsa virkede Fint nok ja.

00:04:19 Speaker 3



Og nér i godt kan lide klassesamtaler, er det klassesamtaler, hvor i fra start af taler
sammen alle sammen. Eller er det, hvor i far mulighed for fgrst at tale i jeres gruppe
inden klassesamtaler eller.

00:04:29 Speaker 2

Begge dele. Jeg fgler ikke den ene udger den anden eller den ene er vigtig end den
anden. Men ligesom Det er Sddan en slags dben diskussion.

00:04:37 Speaker 1

Enig.

00:04:38 Speaker 3

Ved i egentlig efter det her forleb, om man bruger kvantekommunikation i dag?
00:04:43 Speaker 1

Det teenker jeg, da man gor?

00:04:45 Speaker 2

Tror jeg det ggr man ikke. Ne;j.

00:04:46 Speaker 1

Hvad?

00:04:47 Speaker 2

Ikke andet end fibernet. Jeg tror ikke du kunne gare sd meget ud af det i dag.
00:04:49 Speaker 1

Er fibernet ikke nok?

00:04:52 Speaker 2

Eller jo du gar det vel altsa du bruger jo mange krypteringsnagler, iseer med Sadan
kryptovaluta og Saddan noget der sa bruger man rigtig meget. Men jeg ved ikke om du
bruger det som kommunikation. Det har jeg ikke hgrt om.

00:05:06 Speaker 3

Er der noget, der har vaeret saerligt sjovt nar | husker tilbage pa ugen?
00:05:11 Speaker 1

Alle de der lege Vi har lavet eller spillet spil.

00:05:14 Speaker 3



Spillet. Hvad siger du?

00:05:18 Speaker 2

Ikke noget der Sadan taenker.

00:05:19 Speaker 3

Nej.

00:05:21 Speaker 1

Hvad var sjovere end det andet?

00:05:23 Speaker 2

Det ved jeg ikke. Det er altsa ikke fordi jeg synes, at der var noget, der var sjovt unde...r
00:05:27 Speaker 3

Er der nogle gode rad? Noget vi skal tage tilbage ud over det | har sagt?
00:05:38 Speaker 1

Maske lidt nogle instrukser til nogle af tingene.

00:05:40 Speaker 3

Ja.

00:05:42 Speaker 1

Spillene kunne vi godt Sddan regne ud, tror jeg, men nogle af de der forsgg blev julen
Sadan lidt SAdan. Sa blev man lidt forvirret og sa brugte man egentlig mere tid pa at
geette sig frem til noget dumt i stedet for at lav det rigtige.

00:05:53 Speaker 3

Ja.

00:05:56 Speaker 1

For Jeg synes ogséa Det er godt at skulle Sddan taenke selv, men ogsa til en vis grad tror
jeg.

00:06:03 Speaker 3

Du nikker oplevede | det samme?

00:06:05 Speaker 2

Ja, men Jeg er enig.

00:06:06 Speaker 3



Okay okay super godt.
00:06:08 Speaker 3
Er der andet vi tilfgjer?
00:06:11 Speaker 3

Sa siger jeg bare. Tak for jeres tid. Lad os ga ud inde pa det.



Interview — 3P

Audio recording transcribed by transcription function of Microsoft Word and corrected
manually.

Transcript

00:00:04 Speaker 1

Viliforklare hvorfor i har sat jeres prik, der hvor | har sat det?
00:00:09 Speaker 2

Jeg synes egentlig Det har veeret. Det har veaeret ret sjovt.

Jeg synes ogsa Det har veeret maske mere sjovt, end Det har veeret leererigt. Det var ret
fedt med Sadan de der Sadan spil og Sddan noget.

Det har jo ogsa veeret leererigt, men jeg faler ogsa noget af det som noget vi vidste i
forvejen, men har maske ogsa faet sat lidt mere end Sadan kontekst.

Vi har jo haft og Sddan noget om fotoner og Saddan noget. Men. Det her var en. En ny
made. Saddan at se det pa maske.

00:00:35 Speaker 3

Jeg faler maske ogsa at jeg har sat min lidt for langt her henne . Maske skulle jeg have
satden her.

00:00:40 Speaker 3

Det har vaeret meget sjovt. Jeg tror faktisk det Vi har leert eller Sddan faet ud af. Det
kunne i godt have lavet pa Sadan en eller 2 moduler?

00:00:50 Speaker 3
Men Det var meget sjovt.
00:00:51 Speaker 5

Jeg er ogsa enig altsa Jeg synes ogsa at det Har veeret sjovt og sa lave nogle lidt Sadan
alternative metoder Lave forsgg og Sddan noget pa ogsa det med de online Ting men ja
Jeg synes ogséa at man kunne godt have gjort det altsé leert det samme pa lidt kortere tid.

00:01:14 Speaker 1
Og hvordan synes i dagen i dag har veeret med spillet?

00:01:18 Speaker 2



Jeg synes Det var sjovt. Det var lidt Sddan en opsamling.
00:01:20 Speaker 5

Og saja det gav meget god mening at have det til sidst fordi det. Det lidt op pa Sadan det
dele.

00:01:27 Speaker 1
Ja.

| har S&dan bade arbejdet i lgbet af det her forlab pa platformen med spillet. Og sa har |
arbejdet med trykserier. Hvad synes i om om det som de papirer Vi har udleveret.
Hvordan synes |, at det har fungeret?

00:01:50 Speaker 2

Det er meget fedt, og Det var ogsa Sadan lidt fedt med de der spil. Det var Sadan lidt
Sadan bare Sadan hardcore undervisning, men Det er Sadan lidt sjovt. Det far man ogséa
noget af, sa fgler jeg spillet mere spaendende nar det faktisk er sjovt Sddan hvad vi laver.

00:02:10 Speaker 1
Andet?
00:02:14 Speaker 5

Nej ikke andet end at Det er meget godt at kombinere det Sddan ogsa, at man bade har
deti haenderne og sa bagefter Sddan ligesom tager det ind pa skaermen, sa man.
Ligesom. Har en forstaelse for det med hvad hedder det nu? Det optiske fibre og Saddan
noget, at det ligesom hang Sammen pa den made?

00:02:32 Speaker 1

Og sa har i pravet nogle forskellige former for opsamlinger og repetitionsgvelser og
Sadan noget hurtig skrivning og i dag skulle | feerdiggare nogle saetninger og. Hvad synes
i om jeg ved ikke om i selv kan huske andre? Hvordan synes i de fungerer? Er i vant til
at...

00:02:50 Speaker 3

Fungerer meget fint. Ja ja ja, det fgler jeg.
00:02:54 Speaker 5

Det fungerer meget godt.

00:02:54 Speaker 4

Mener jeg sa peger til.



00:03:00 Speaker 1
Ja, er der noget | var overrasket over i dag?
00:03:05 Speaker 5

Sadan lidt hvordan altsa hvad var det Sadan en krypteringsnggle var Sddan opstar altsa
hvordan den kode der Sadan bare opstar. Det var Sddan meget...

00:03:11 Speaker 4
Ja.
00:03:14 Speaker 5

Man skulle lige dreje sin hjerne om, at det ikke var en fast kode, men noget der bare
Sadan opstod. Ja.

00:03:17 Speaker 4

Ja.

00:03:22 Speaker 1

Var det sveert at forsta?

00:03:29 Speaker 4

Lillesmule synes jeg maske fordi det godt kunne virke en lille smule abstrakt.
00:03:30 Speaker 5

Jeg synes nok det sveereste var nok at forsta det med krypteringskoden fordi Jeg har min
hjerne har lyst til Det er Sddan en kode, men Det er bare noget der Sddan opstar eller
den kombination synes jeg Sadan.

00:03:34 Speaker 4

Ja.

00:03:42 Speaker 5

Det skulle man lige fa drejet sin hjerne omkring.

00:03:47 Speaker 1

Har i nogen forestillinger, om man bruger kvantekommunikation i dag?

00:03:53 Speaker 3

Ja det tror jeg godt man kan ggre hvis der er noget, der skal krypteres ekstra sikkert.

00:04:00 Speaker 5



Ja teenker ogsa det. Hvis det skal veere meget sikkert? Ja.

00:04:16 Speaker 1

OK Er der andet | breendere inde med? Ideer til os selv eller noget?
00:04:25 Speaker 3

Der er noget med deres spil, som vi lavede, som Jeg synes nogle af Sddan
opgavebeskrivelserne var lidt S&dan lidt utydelige i blandt andet, hvad det var praecis
Det var, man skulle gare.

00:04:39 Speaker 3

Og sé ogsa det der med at vi trykker ud pa de rigtige steder pa det der kort. Altsd man
skal trykke pa linjerne og ikke prikkerne. Det var lidt forvirrende, sa lavede vi nogle noget
som. Vi ikke havde behgvet at lave.

00:04:49 Speaker 1
Jaja.
00:04:51 Speaker 5

Alts3, jeg ved ikke om det bare var mig, men Det er det fgrste spil, der var den der store
bla hvide knap nede i bunden. Der er troede jeg ligesom Det var videreknapen i stedet
for den lille knap.

00:04:58 Speaker 1

Ja ja Det er fordi vi ikke har faet det ind i den anden platform endnu. Jeg teenkte lidt pa
om i faktisk manglede at fa at vide at vi var i gang med at lave en krypteringsnggle i det
forste i lavede i dag. Giver det mening?

00:05:00 Speaker 2
Ja. Det er maske egentlig rigtigt.

Jeg faler maske ogsa Sadan maske Lidt mere generelt, hvis den gennem en hele
forlgbet. Det er lidt fedt at fa Sadan et konkret Sadan at Bjarke sagde maske enten inden
vi gik i gang eller efter Vi eri gang Det er det her vi laver, og det er det her, man kan bruge
det til.

00:05:31 Speaker 3

Han sagde, at der bare var de der instruktioner inde i opgaven, og Det er ogsa fint. Men
Sadan. Man kunne Bliver sat i gang maske.

00:05:40 Speaker 1

Og nar du siger brug skal bruge det til. Hvad teenker du pa?



00:05:44 Speaker 2

Altsa Sadan der og ogsa hvor vi sidder og laver og hvordan maske hvis man altsa Sadan
kan bruge det i gjeblikket. Jeg ved godt Det er Sddan. Opgaven giver ogsa noget og man
rigtigt S&dan seetter relation til Sddan virkeligheden men maske hvis han Saddan fortalt
lidt om det eller uddybet lidt om det. Faler jeg ogsa kunne veere lidt fedt.

00:06:02 Speaker 2

Ja.

00:06:02 Speaker 1
1000 tak skali have tak.
00:06:04 Speaker 6

Det var s4 lidt.
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Formalet med forste el er

Icanteteknologiog derigennem engageres problemsilingen”

Formileter ogsh

Tid/min.

Aktivitet

Observationspunkter og
aktivitetsformal
Disse har vi i baghovedet nar vi skriver
observationer. Vi svarer forst pa dem i
analysen.

Observationsnoter
Under afpravning: Skriv primzert hvad du ser og harer - 1 “pointe pr postit. Skriv sekundzert ogsé eventuelle vigtige tanker du far.

Under opsamling: Vi laver tematisk analyse og skriver indsigter.

Bjarke prazsenterer LIFE og afpravningens forml
Pernille praesenterer observatarer og hvordan vi
agerer.

UNBREAKABLE ({orlobsforside)

o
€

i

KOMMUNIKATION MED OPTISKE FIBRE
Introduktion tilforlabet (Fang)

- Engagement  samtale om video?
« Engagement  SSI
« Far ale elever fir givet udiryk for, om de ved,

« Video.
kvanteteknologier
« Refleksion over videoens indhold (5sr'en).

+ Synes de at blive engagerede | SSien?

Formdl: At fange elevernes opmerksomhed og
introducere SS1.

i

ancrssamter

peer e fimen o ressk

Somste o ssbotage o sonage

LERINGSMAL (Forudsaet)

« Afieydsning: Genkender/kan forkiare

« Engagement
« Krydser de af og tegner streger | tryksagen
e agoegreer o ngemin

- Bntfoto

 Overgang llyksag

Ml

At elevernes forforstelse aktiveres.

At eleverne bliver bevidste om deres forforstéelse
med henblik pé mulighed for senere
selvevaluering,

At eleverne prassenteres for zringsmalene.

At eleverne prassenteres for foriabsoversigen.

Forml: Eleverne forholder sig okttt eringsml

v e

s gpegreer ot

Somarbeioeomsteger o rngsmal

FORLOBSOVERSIGT

Kiassesartale
« Er der dele af eringsmalene de har opndet i eller
‘udenfor undervisningen?

+ Hvorndr forlabet tror de laeringsmalene biiver
opfyidez

« Hvad taler de om | aktiiteten?

« Er der ubesvarede spargsmél om forlabets
langde og produktkrav?

+ Varierer vi for meget? Eler er der for mange
gentagelser?

+ For mange opstartsformer?

Forml: Eleverne forholder ig okttt eringsml

[ —— Koblng srgumentreundersoge o
o

e

‘OPLEVLYS | OPTISKE FIBRE (Fang)

« Er de akive, biiver de fanget?
« Udtrykker de overraskelse?
Har.

« Forkiar

prover at

+ Ledetrade

+ Samarbejde

Hyordan reagerer de p3 opgaven med
knuden?

Ml Elever far en oplevelse af at lys kan bevaege.
sig gennem en fiber.

Formi:Elevrne fir optiske fibre i heenderne og
oplever, hwordan ys bevaeger sig igennem dern

Knuden

1
H]

j T

e
i i

Rodtrid

Energibevarelse?

Kiasseopsarmiing

Pltform- navigerer ok

og at afytte den?
Er

uden for Klasselokalet.

Fagbegreber: "Binzer kode".

sende/modtage/aflytte og  atlave deres egen

o
+ Samarbejde
- Ngerghed
o iovne oplever, at biner information kan
ofsendes og modtages i en oprisk iber - og at den kan
offytes.

Elevernes nysgerrighed pirres ved at de skal arbejde
‘med hemmelige ord og opdager at deres information
K offytes - virker offektivt

Eleverne foser en logisk opgove - som i hor set de
sjov.
Eleverne skol bruge den viden om egenskaber de

‘opndr il atforstd hvordan man kan sende beskeder
il hinanden via et opisk fibr..

Materialer

Instruktion - praktisk

Andet

Fagligt

Aktivitetsniveau & samarbejde

+ Eleverne forholder sig il hvordan 0 0g 1 kodes |
det igtige internets optiske fibre.

« Eleverne tegner selv et eksempel p3 en bogstav
ved brug af frekvens-, amitude- eller puls-
modulation. Eleverne bytter og gastter hinandens
valg af bogstav.

Fagbegreber: Modulation

+ Samarbejde

+ Lykkes eleverne med at tegne egne
hemmelige bogstaver med modulation?

« Forstr de sammenhzngen med den virkelige
verdens internet?

Mal: Eleverne er i stand tl at koble eksperimentel
viden tlteoretisk viden om optisk
fiberkommunikation.

Adiieten understattr frstéelsen af modulation
igennem elevernes egne forslag samt afkodning af
moduleret besked.

Formllevernes viden o de to tidigere aktvteter
ki i st e ernete
virker i den igtge ve

Aktviteten virker Dadz Som et forklar - hvordan virker
det reelt og et forle

[————
[

OPSAMLING (Forklar/Feedback)

+ Engagement

- g fagbegreber noteres.

. Er o8
observationer om opisk fiberkommunikation.

Forml: leverne repeterer, hvad de har vt og har
Ierti modulet.

Eleverne fir koblt et aglige indhold i cksamen,

gt unkionaite

oetfagg e

Fonargerne

Del 1 overordnet set

- Biver de fanget?
+ Er den rade trdd tydelig?

« Fungerer overgange melem modalieter

« Forstér eleverne rent faktisk de faglige mél?

Opstart og opsaminer:
o i P SO
gentagelser

Decfglge naholdtarng

i
X

Gruppeatbee

Modster

nsrotone & suonomi o




Tid/min. Aktivitet Observationspunkter og Observationsnoter
aktivitetsformal
Disse har vi i baghovedet nar vi skriver Under afprevning: Skriv primaert hvad du ser og herer - 1 "pointe" pr post-it. Skriv sekundaert ogsa eventuelle vigtige tanker du far.
observationer. Vi svarer farst pd dem i
analysen. Under opsamling: Vi laver tematisk analyse og skriver indsigter.
2 Kortintro - nu er vi her igen
15 MISSION NY FIBERFORBINDELSE (Fang/Forudszet) - Tid s~
« Engagement i SSl'en - jriedans FR— [ro— g0 LiestaHes-tal
« Kobler de risikoen for spionage i o e = — afturigskrming = o=
. + ioner med d fra = =R = =R sELOTET R =
« Laes om Forstaerkning af lyssignaler forste modul? Fx ved at de snakker om at = e =
« Tal om figur med forskellige placeringer af spionen jo kunne aflure beskeden i forste e
forstaerkerstationer modul. el
« Laes og tal om mission og tre undersogelser « Er de engagerede i at tale om de tre — Tekst om forstrkere =
« Hent materialer undersogelser? Og kobler de udnersogelserne = =
il SSren? =
Indhold af hurigskrining
Form: At fi eleverne ti at koble den undersogelse de =
skal lave med Ssi'en om sikker kommunikation. =
Fagbegreber: Forstarker
Repetition: Optisk fiber
2 Undersogelse A: « Engagement i konstruktion og undersogelser | . ate e grupper Demsom erakive biver  Fariring om J—
. = Ikke umiddelbarthef stemplr gruppe- ineresserece-kanvi | navgation L
Undersog en sensors egenskaber (Forsk) :‘:!:ek';axzer;‘:f;fﬂ engagement mediemmerud sie dem roler? jksagog latorm — -
« Bygsensor « Samarbejde = = = = == SRS S e
« Undersog S
« Optimer til maling af lys fra optisk fiber Formi: At give elever en forstdelse af hvad en sensor —
+ Undersog optimeret sensor - er (kernestof) og hvorfor der er behov for sensorer for =
« Refklekter at mdle smd endringer of ys. ) =
« Skriv definition pa sensor o T
Fagbegreb: Sensor
Forstdelse Eevrtieksioner
a0 Undersogelse B: « Hvor selvkorende er eleverne med tryksagen? | o wseciis Tsnes
Bestem, hvor langt lyset kan sendes (Forsk) + Hvordan virker forkiaringer, fifs, QRekoder og | “¥he . — G e s B J—
visualiseringer pé tryksagen? T : o e L R
Brug sensor til at male lysintensitet ved tre) forskellige | + Engegement og samarbejde - er alle med? =] E e = o W el BB e
fiberlaengder - folg instrukser pa tryksag. . - . P e bl
Forml: = =R =

« At eleverne oplever at lys ikke kan passere
wendelgt langt igennem en fiber.

« At eleverne oplever at lave et konkret fysik
eksperiment og derfor foler at de lerer fysik.

“e o
30 : Udregn antal Indikatorer: P Valgned oo
(estimat) (Forsk/forklar/forlzeng) + Eleverne motiveres af at kunne lose deres e
« Genlees mission « Eleven oplever at e kan koble variabler i = E= Engagement/aktivitet .
« Omregn til mikrowolt eksperimentet til den formel de laver = e =2 e o =
« Vaelg metode il at udregne maks. lzngde - ved at databehandling med. e = EE = = = =
bruge formel eller regressionsanalyse « Eleverne kan udregne et estimat af e e Progression CE) —— L
« Udregnantal forstarkerstationer fiberlaengde ud fra den valgte strategi. E= e T =
« Las om internet « Engagement P - —
+ Udregn lzengde og antal stationer ift. virkeligt « Eralle med? . =] =
internet — N*V@::""iﬂwj: | oblngenusi e misonan R o
« Samtale - vurder sikkerhed = = = = - -
st = = = BE===
Atfé eleverne til at forstd koblingen mellem afstanden == -
der kommunikeres over o risikoen for at blive El= Svarnessgracen e s 1
spioneret. BN = e
- = e o arater
At give eleverne en forstaelse af hvor langt det er " = =3 = . = cEm EE R Funkonslret
muligt at sende lys i optiske fibre. = = = . T S e
At fé eleverne til at fale at matematik ikke er s farligt. . . .u . = =
30 OPSAMLING PA MISSIONEN (Forklar/feedback) Indikatorer: -
« Eleverne kan forklare deres undersogelse til Instruktioner Fagi forstielse Kobling il ss1
« Forberede feedback hinanden —
« Feedback med makkergruppe « Eleverne kan diskutere fejlkilder ud fra e .
observationer af at deres resultater er
forskellige. =

« Eleverne engageres af at lase missionen

Formdl:
De vigtigste pointer fra modulet forankres

Opsamlingen giver eleverne mulighed for at opdoge
og diskutere fejlkilder Har jeg svart ved atafkode.

bota . . .

Del 2 overordnet set [
« Er eleverne fortsat fangede/engagerede som i L e
del 17

Er den rade trad tydelig?

Fungerer overgange melem modaliteter?
Forstar eleverne rent faktisk de faglige mal?
Er Del 2 blevet nemmere at gennemfare rent
praktisk?

Opstart og opsamliner:
« Varierer vi for meget? Eller er der for mange

gentagelser?




Formalet med tredje del er:
- Atintroducere teknologien "Kvantenagledistribution" til elever pa en made, hvor de kan se, hvilken betydning teknologien har pa fremtiden.

- (Maske?) At fa elever og lzrere til at opleve, at de har faet noget ud af at arbejde med noget, som ved farste sjekast virkede som "utilgeengeligt
svaert kvantefysik”.

Tid/min. Aktivitet ‘Observationspunkter og Observationsnoter
aktivitetsformal
Disse har vi i baghovedet nér vi skriver Under afprevning: Skriv primaert hvad du ser og harer - 1 "pointe” pr post-it. Skriv sekundaert ogsa eventuelle vigtige tanker du far.
observationer. Vi svarer farst pa dem i
analysen. Under opsamling: Vi laver tematisk analyse og skriver indsigter.
0 Undersog bolger o fotoner/Level 1 (Forsk/forklar) | Indikato N
Beverne gennemfore bideeksperiment med Leringsudbyce opaming (i &
Tekst (tekstboks ellr trin) med overordnet formdlog | laserpointere og simulation med enkelte fotoner. = m
praktisk Information (grupper 4 2,3 levels, download af =
data) om digialt simulation. Eleverne bruger deres eksperiment og simulation i = .
at svare korrekt pa drop-down-spargsmal i slutning G
Digital simulation - Level 1: Undersog | af level 1. o
- Eleverne logger ind som afsender og modtager. s - =
laserpointer og tilbage il platform efter end level = —,":-‘ =
g Kikker 3
- Elmme udforer undersogelse meddigiale fotoner of it csperiment @
svarer hvorfor
Forklar om forudsigelighed pa platform efter level 1.
At eleverne erfarer/forstér, hvordan lys som belger og == o
Relevante fagbegreber: s som fotoner passerer forskellgtigennem to == =
~Polarisationsfilter polarisationsflre. =
~Balger / Fotoner ==
15 Krypteringsnogler (Fang/Forudszet) Indikator = nstruktion S engagement
 everne o udyiotskema or forselige T Fokdar ot fagbegred = = e = o
Eipar e en el sl e for,ordan | ot ordeingtvyperninste =0 |
noglen for en —_ = =
afsender og modtager, uden at naglen kan blive = ED . .‘ - .
spioneret. -
Formi: At eleverne forstér, huad en “krypteringsnogle”
Eleverne foreslir ilatdele og | e, o hvorf _
spionere krypteringsnagler
Havudtaletser om =y
Relevant fagbegreb: Krypteringsnagle Hovutterom ==
30 prov Indikat sendermodtage fotoner Sk hemmelghed Opsaminge
Elwerne fardnskulerewerhah om noget fagligt - Overordnet om spilec i it d
e i leringsspillet, B o=
mens de sidder ved hver deres computer. De far her Se Se
Gennemfor digital simulation - Level 2: diskuteret fagbegreber som: Koordinering mi afsenderimodiager
Kuantenogledistribution ~Foton ==
~Krypteringsnagle =
- Eleverne sender fotoner fra afsender Ul modtager. ~Polarisationsfilter mm Resitat
. a |- B =
skemaer, skrftige instruktioner og hint. - Kvantenagledistribution = Organsering
Lav en tegneserie med screenshots som forklarer, hvad i | Hajeste mal er, at de finder frem til den korrekte. e o
al verden, der er sket. nogle baseret p3 faglige overvejelser (og ikke kun
g21), 0g at de udviser begejstring over at have st et P
svaert puslespil. sl
Relevante fagbegreber: =
- fotoner Form
- Kvantenogledistribution e ———
- Kryperingsnagle
~Foton
15 Spot spionen/Level 3 (Forklar/Forlng) Indikatorer w Desgnogopsaming i somabesde s -
Beverne gennenorer mmdst én mission (uanset - = i g
‘Gennemforer digital simulation level 3 Spot spionen | om de laser opgaven korrek!) =] -
. — o =
- Eleverne laser nstruktioner. Eleverne tegner noget pd et screenshot fra spillet og
- Eleverne laser de tre scenarier/missioner og tager forsoger sig atskrive en faglg billedtekst.
stllng il valg af mission. a
- Eleverne folger instruktioner, undersoger mindstto | Eleverne Ar talt sammen om forskellige brug af
liner pa kortet for spioner. kvantenagleditribution, og de far formuleret mindst
&targument for og ét argument mod
Efterfolgende instruktioner p3 platform: kvantenagledistribution.
-Tag et screenshot o cat 1 evel 2 el 3.
deleaf brug bade
musmnun ogtekst tl at argumentere for fordele (og | "anvendelse”.
per?) ved kvantekommunikation. Besvarelsen pa Solera kofrg
o i Box i bunden, der il nogle cases,
angw had der errelevant for en aflevering) S5t'en kommer i spil. .
- Behandl ogs3 "skal ale have adgang til det?” her?
15 ‘Opsamling (Forizng) Indikatorer
- At eleverne skriver argumenter.
~Vigiver nogle postulater. - At eleverne engageres af bide postulater, de er £
umenter g ), og ey
underbygger postulaterne (uanset om du er enig eller ej. | forAmod i alle tfzlde.
- Dette kan ogs3 inddrages i en aflevering
—Ate/mmefwhalder s o e pesekter
2. Skriv argument for din rolle. - At sSten kommer i pil
3. Lyt ol de andres g for
modargumenter.
~Fortszet ved ot pétage sig ollen af én af holdningerne.
15 ‘Genbesog parvis ilustration af zzringsm, fagbegreber | Eleverne finder frem il de gemte billeder/tryksager

og forlabsoversigt.

Evaluering af Ieenngsmél ved at se pa billede af
illstration fra modul 1.

(Laeg en plan) Tal sammen om, hvad de kan gore for at
‘opna de lringsmal, de mangler a fa opfyldt, hvis de
traekker fysik il mundiig eksamen.

g taler aktivt om deres nuvazrende viden og
opfyldelse af zrigsmal.

Eleverne laver en realistisk og sammenhzngende
plan for eksamenslaesning,

Formi: Selvevaluering.
Eleverne giver formativ feedback tl hinanden (i form of
en plan om, hvad de skal gore for at forberede sig til
eksamen).

Intenderet vs.realiseret

Del 3 overordnet set

« Ereleverne i

del 17
+ Erden rode trad tydelig?

« Fungerer overgange melem modaliteter?

« Forstar eleverne rent faktisk de faglige mal?

Opstart og opsamliner:
« Varierer vifor meget? Eller er der for mange
gentagelser?

Laring/ Udbytte / Forstielse

Sl

Det samlede forleb overordnet set

Metnder o modaiketer

Instruktioner
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