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Figure 2 The 5 phases of IBL adopted by Discovery Space for the construction of the scenarios. 

 
1. Engagement: A phenomenon is presented to the students through an appropriate demonstration, in order 

to spark their interest and motivate them to work on its understanding. 
2. Hypothesis: The students are asked to make a hypothesis in order to explain the phenomenon by 

identifying the main parameters for its explanation. 
3. Experiment: At this stage the students are performing experimental work, using either a virtual or a 

remote lab, in order to see the effect that each identified parameter has on the phenomenon under 
discussion. 

4. Analysis: The sets of data collected at the previous phase are now analysed and conclusions are drawn, 
which either reject or validate the hypothesis made at the second step above. 

5. Reflection: At this stage the students reflect on what they have learned so far, while they are presented 
with a series of more demanding questions aiming to test how confident they are on their understanding. 

 
 
In this document we present again the Simple Pendulum, for reference, and further scenarios that will be 
presented to teachers to initiate the co-creation efforts of Discovery Space. These scenarios will be uploaded in 
the Discovery Space Learning Environment.  Each author adapted their scenarios to fit the purpose of their target 
learning environment and national/local curriculum specification. Different styles were adopted by the various 
authors that contributed to the creation of the scenarios presented in this document.   
 
Our hope is that educators will find them valuable for the delivery of the specific topics, with the necessary 
adaptation to their local needs and preferences.  
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3. Discovery Space Initial Scenarios 
 
This chapter presents the initial set of scenarios. We present the basic structure of each scenario and in the annex a complete description. These scenarios 
will be further enriched and adapted by educators piloting the project in their schools. Co-created solutions will emerge from this process and these new 
enriched scenarios will populate the Discovery Space learning platform.  More scenarios are currently in production and will enrich the collection for the 
beginning of the new school year. (2024/2025).  
 

3.1. Curriculum opportunities  
 
The presented scenarios were created by the different countries implementing the project. They are produced considering opportunities in each of the 
countries piloting the project. The table below presents the curriculum implementation opportunities for the selected topics for the selected countries.  
 
 
Table 1 Curriculum Implementation Opportunities 

SCENARIO Country GRADE LEVEL SUBJECT DOMAIN CURRICULUM 
OPPORTUNITY GRADE LEVEL SUBJECT DOMAIN CURRICULUM 

OPPORTUNITY 
GRADE 
LEVEL 

SUBJECT 
DOMAIN 

CURRICULUM 
OPPORTUNITY 

Simple 
Pendulum 

Germany 11th Physics Vibration & waves       

Greece 7th Physics Experiments in 
Physics 9th Physics 

Vibrations 
and 

mechanical 
waves 

   

Portugal 11th Physics & 
Chemistry 

Forces and 
motions 12th Physics 

Mechanics: 
Kinematics 

and Dynamics 
in 2 

Dimensions 

   

Spain 
2º (3-4) EP 
(Primary 

Education) 

Natural 
Sciences Time, period 

3º ESO 
(Secondary 
Mandatory 
Education) 

Physics & Chemistry; 
Technology and 
Digitalization 

Project 
development 
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SCENARIO Country GRADE LEVEL SUBJECT DOMAIN CURRICULUM 
OPPORTUNITY GRADE LEVEL SUBJECT DOMAIN CURRICULUM 

OPPORTUNITY 
GRADE 
LEVEL 

SUBJECT 
DOMAIN 

CURRICULUM 
OPPORTUNITY 

 
 
 
 
 

Photoelectric 
Effect 

Germany 12th Physics Static electric and 
magnetic fields 

      

Greece 12th Physics Introduction to 
quantum theory 

      

Portugal 12th Physics 

Modern Physics: 
Introduction to 

Quantum Physics 
(Photoelectric 

Effect) 

      

Spain 2º B Physics & 
Chemistry 

Introduction to 
quantum 

mechanics 
      

Newton's Laws 

Germany 8th Physics Dynamics       

Greece 10th Physics Dynamics 8th Physics Forces    

Portugal 9th Physics & 
Chemistry 

Forces and 
motions 11th Physics & Chemistry Forces and 

motions 12th Physics 

Mechanics: 
Kinematics 

and Dynamics 
in 2 

Dimensions 

Spain 2º EP Natural 
Sciences 

Forces and 
motions 4 ESO 

Physics & Chemistry; 
Technology and 

Digitalization 

Newton's 
Laws 

   

Phases of the 
Moon 

Germany 7th Natural 
Sciences 

Optical 
phenomena 10th Physics Basics of 

optics 
   

Greece 5th-6th Physics 

Modern Physics, 
Technology, 

Environment, 
Space 
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SCENARIO Country GRADE LEVEL SUBJECT DOMAIN CURRICULUM 
OPPORTUNITY GRADE LEVEL SUBJECT DOMAIN CURRICULUM 

OPPORTUNITY 
GRADE 
LEVEL 

SUBJECT 
DOMAIN 

CURRICULUM 
OPPORTUNITY 

Portugal 3rd Environmental 
studies 

Nature: 
Understand the 
phases of the 

moon 

7th Physics & Chemistry 

Space: Earth, 
Moon and 

gravitational 
forces 

   

Spain 1º-2º EP Natural 
Sciences 

The Earth in the 
Universe 

      

Seasons 

Germany 1st-2nd Natural 
Sciences 

Animals, plants, 
habitats 10th Geographics 

Climate and 
vegetation 

zones of the 
tropics and 

arid 
subtropics 

   

Greece 6th Geography The Earth as a 
celestial body 

      

Portugal 3rd Environmental 
studies 

Nature: 
Understand the 
phases of the 

moon 

Nature: 
Understand 
the phases 

of the moon 

Physics/Chemistry 
Motions on 

the Solar 
System 

   

Spain 1º - 2º EP Natural 
Sciences 

Earth rotation and 
its consequences 1º ESO Physics & Chemistry 

Motions on 
the Solar 
System 

   

Simple 
Machines: 

Pulley 

Germany 10th Physics basics of dynamics 
II 13th Physics basics of 

dynamics II 
   

Greece 10th Physics Forces 12th Physics Rigid body 
dynamics 

   

Portugal 9th Physics/Chemis
try 

Movements on 
Earth/Forces, 

Movements and 
Energy 

11th Physics & Chemistry Forces and 
motions 
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3.2. Simple Pendulum Scenario 
This scenario was presented in D2.2 and is added in this deliverable as a template for the other scenarios presented next.  
Table 2 The pendulum scenario in a nutshell. 

Problem 
Solving Process  

Scenario 
Phase Questions of the Scenario Educational Objective 

 
The full explanation of the scenario can be found in Annex 5.1
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3.3. Photoelectric Effect 
This scenario intends to introduce students to the photoelectric effect and the necessary setup for its observation. It uses the PHET platform for the virtual 
experiment. Students are expected to understand the photoelectric effect equation and its relative graphs and learn about its different applications. Below 
we present a table explaining how the whole cycle of Inquiry-Based Learning was implemented 
Table 3 Phases of the Photoelectric Effect 

Problem Solving 
Process  

Scenario 
Phase Questions of the Scenario Educational Objective 
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3.5. Phases of the Moon  
 
This scenario intends to introduce students to the phases of the moon. The scenario starts with an invitation for students to reflect on their perception related 
to the phases of the Moon and reflect on the reason for the existence of this phenomenon.  We start by presenting the summary table of the whole journey 
to allow a more fluid navigation through the scenario: 
Below we present a table explaining how the whole cycle of Inquiry-Based Learning was implemented 
 
Table 5 Phases of the Phases of the Moon Scenario 

Scenario 
Phase 

Problem 
Solving 
Process 

Questions of the Scenario Educational Objective 

Engagement Exploring and 
understanding 

Q1: What is the primary reason for the 
occurrence of Moon phases? 

Students are invited to explore the phases of the Moon. Although it is a common 
phenomenon, it is not rare to find many misconceptions related to the reason for the 
existence of phases.  It is even more complicated to perceive the difference between 
the phases and another related phenomenon, the lunar and solar eclipses. So, students 
are invited to explore, manipulate the elements and use a virtual simulation to help 
them understand it.  The first question aims to recognise the level of understanding a 
student has related to the topic. Students with less understanding will start by 
performing a hands-on activity with physical materials and then later proceed to a 
second activity, using a virtual experiment. Those with a better understanding will go 
directly to the second activity, where they will have a more in-depth understanding of 
the phenomena. Those with a good understanding will be invited to go to the next 
activity where the inclination of the orbit of the Moon, in relation to the orbit of the 
Earth around the Sun, will be explored and the sequence of phases more carefully 
explored. Problem-Solving Competencies Activated: Scientific Understanding 
(students are invited to test their knowledge about the phases of the Moon and reflect 
on a scientific phenomenon). 

Hypothesis 

 
 
 
 
 
 
 

Q2a: What are the possible solutions to 
place the Earth, the Moon and the Sun? 
(you can choose more than one option). 

The question aims to encourage students to think critically about the relationship 
between the 3 celestial bodies and their spatial relationship. By considering the 
multiple possibilities students will explore the various possibilities and be invited to 
come up with possible solutions.  This question is designed for the students that 
presented a lack of understanding of the theme as a way to spark their curiosity and 
promote a more in depth understanding of its causes and effects. This experiment helps 
students materialise their mental representations and confirm or modify their 









https://view.genial.ly/64abb2262442dc00195c5022/interactive-content-phases-of-the-moon-activity-1




https://compassproject.net/html5sims/pulleysim/pulley_en.html
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B. Distance Pulled, Work Done and 
Potential Energy; 
C. Pulley Diameter, Height to Lift, Load and 
Applied Force 
Q3.1.2: In the provided simulation the 
dependent variables are: 
A. Pulley Diameter, High to Lift, and Load; 
B. Distance Pulled, Applied Force, and 
Potential Energy; 
C. Pulley Diameter, Load and Work Done 

The guided questions aim to help students reflect on how they performed the 
experiment and invites them to understand that changing more than one variable at a 
time makes it difficult to isolate the element that is responsible for the observed 
changes. 
Problem Solving Competences Activated: Scientific method /culture and critical 
thinking skills will be activated by varying variables and observing the outcomes. The 
experimental design skills will be created. It also suggested to introduce the hands-on 
experiments for testing and better understanding of a scientific topic. 
 
At this stage all students will progress to the next phase to build and perform the next 
experiment. 

Executing Experiment - The single fixed pulley will 
be explored 
Q3.2: While trying to confirm your 
hypothesis, create a chart to record the 
experimental data. 
Check whether in the chart you employ all 
required data and measurements: Load, 
Height Lifted, Applied Force, Distance 
Pulled, Input Work, Output Work, Actual 
MA, Ideal MA, Efficiency. Do not forget to 
provide the units for each measurement. 
 

The virtual simulation provides an interactive means for the student to test their 
understanding and reinforce their knowledge on the topic. Q3.2 encourages students 
to think about the variables they need to prove (or not) their hypothesis.  Which 
variables will be controlled? How does altering them affect the observed results? The 
chart will allow them to record and organize their measurements. This experience will 
help them develop a methodological approach to experimentation. Depending on the 
level of their understanding, students will build and perform the experiment without 
the support from a teacher or system, with guided system support or with direct system 
instruction. Problem Solving Competences Activated: During the experiment students 
will apply digital technology to improve their knowledge. Students will review their 
scientific methodology and model of investigation. They will reflect on the 
experimental process and reflect on how the variation of the different elements led to 
different results or different understanding of the phenomenon being observed. 
Students will activate their observation skills while improving their ability to observe 
and describe changes. Their science literacy will increase with the new understanding 
of how to build, perform and analyse the experiment and connect it to the studying 
concept. They will build on their critical thinking by evaluating the results and drawing 
conclusions. 

Data 
Analysis 

Monitoring 
and Reflecting 

Q4.1:  After performing the experiment.  
What relationship does the collected data 
show? 
Q4.2: Explain why your hypothesis was 
supported / not supported using actual 
data from the experiment. 

In this phase students will analyse the received results and check if the acquired data 
aligns their hypothesis. With this activity they evaluate the outcome of the experiment 
and write the conclusion. If necessary they will rebuild, repeat their experiment and try 
again to reach the desirable outcome. This activity aims to encourage students to 
review the scientific data, determine the physical quantities such as work, actual and 
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Q4.2.1: Did the experiment validate your 
hypothesis? 
A. YES (proceed to the next question) 
B. NO (teacher decide whether student 
should rebuild the hypothesis and do the 
experiment again) 
Q4.2.2: After conducting the experiment. 
Can you in own words explain the work of 
simple fixed pulley? 
A. YES 
B. NO 
C. I can with help of teacher or parents 
Q4.2.3: Do you still think your initial 
answer and experiment were reliable?  
A. I think I need to review my 
understanding of the fixed pulley. 
B. I want to redo my experiment in 
extracurricular time. 
C. Yes, I am fine with the results. 

ideal MA, efficiency of fixed pulley, and understand the functional concept of this 
simple machine. 
Problem Solving Competences Activated: Students will be invited to synthesize their 
results and explore again their scientific reasoning. They are then invited to reflect on 
their results, compare to their initial hypothesis, evaluate the success of the experience 
and advance in their understanding of the phenomenon explored.  

Reflection Q5.1: The efficiency of a real simple 
machine is always less than 100 percent 
because some fraction of the input work is 
always converted to heat energy due to 
friction. 
A. True 
B. False 
Q5.2: Can you lessen/reduce the amount 
of force you must apply by attaching 
weights to the end of the rope that you 
pull? 
A. No, I cannot 
B. Yes, I can 
Q5.2.1: How can you explain your answer 
by considering an advantage of gravity? 

The students are challenged to answer a new question and invited to reflect on their 
new knowledge. The question presents several options that would validate if the 
students actually understood the concept. At the same time students will demonstrate 
their competence to reflect and to apply the recently acquired knowledge to new real-
life scenarios. 
Problem Solving Competences Activated: Students will reflect on their learning and 
improve their confidence in their problem-solving skills. Students showcase their 
understanding and apply their knowledge to real life scenario. They will improve their 
conceptual understanding and the analysis competencies.  Students will activate the 
observation and interpretation skills to validate their scientific understanding of the 
topic.   
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Pay additional attention to the connection 
between Energy and Applied Force. 

understand the reliability of the data during the experiment. It may also improve their 
digital literacy. 

Data 
Analysis & 
Reflection 

Monitoring 
and Reflecting 

Q8.1: After performing the experiment.  
What relationship does the received data 
show? 
Q8.2: Explain why your hypothesis was 
supported / not supported using actual 
data from the experiment. 
Q8.2.1: Did the experiment validate your 
hypothesis? 
A. YES (proceed to the next question) 
B. NO (teacher decide whether student 
should rebuild the hypothesis and do the 
experiment again) 
Q8.2.2: After conducting the experiment. 
Can you in own words explain the work of 
simple movable pulley? 
A. YES 
B. NO 
C. I can with help of the teacher or 
parents. 
Q8.2.3: Does Energy depend on the 
applied Force? 
YES/NO 
Could you please justify your answer? 
Q8.2.4: Do you still think your initial 
answer and experiment were reliable?  
A. I think I need to review my 
understanding of the fixed pulley. 
B. I want to redo my experiment in 
extracurricular time. 
C. Yes, I am fine with the results. 

In this phase students will analyse the received results and check if the acquired data 
aligns their hypothesis. With this activity they evaluate the outcome of the experiment 
and write the conclusion. If necessary they will rebuild, repeat their experiment and try 
again to reach the desirable outcome. This activity aims to encourage students to 
review the scientific data, determine the physical quantities such as a work, actual and 
ideal MA, efficiency of movable pulley, understand the functional concept of this simple 
machine.  On this stage they can notice the difference between the energy and force (it 
is the first presentation that the terms energy and force are not interchangeable). 
Problem Solving Competences Activated: Students are prompted to reflect on their 
understanding, analyse the results and explore their scientific reasoning. They are also 
invited to compare the actual data from the experiment to their initial hypothesis, 
evaluate the success of the experience and advance in their understanding of the topic 
explored. 
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A. YES (proceed to the next question) 
B. NO (teacher decide whether student 
should rebuild the hypothesis and do the 
experiment again) 
Q11.2.2: After doing the experiment. Can 
you in own words explain the work of 
simple movable pulley? 
A. YES 
B. NO 
C. With help of the teacher or parents. 
Q11.2.3: Is the Energy depends on the 
applied Force? 
YES/NO 
Q11.2.4: Is the output Work depends on 
the Load? 
YES/NO 
Q11.2.5: Is the output Work depends on 
the Load? 
YES/NO 
Could you please justify your answers to 
Q8.2.3-Q5.2.5? 
Q11.2.6: Do you still think your initial 
answer and experiment were reliable?  
A. I think I need to review my 
understanding of the fixed pulley. 
B. I want to redo my experiment in 
extracurricular time. 
C. Yes, I am fine with the results. 

Reflection  Q12.1: If the type of the pulley system is 
changed, then the mechanical advantage 
it provides will also change. 
A. True 
B. False 
Please provide your reasoning. 

This phase allows students to evaluate their experience in this activity. Students are 
challenged to answer a new question and invited to reflect on the experiment results. 
In the final Reflection activity, three common misconceptions will be discussed: (1) the 
terms energy and force are interchangeable (they are not); (2) efficiency and 
mechanical advantage are interchangeable (they are not, moreover, MA is unitless, 
while the efficiency unit is %); (3) machine makes less work for people (in reality, a 
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Table 7 Phases of the Ohm's Law Scenario 

Scenario 
Phase 

Problem 
Solving 
Process 

Questions of the Scenario Educational Objective 

Engagement 
phase 

Exploring and 
understanding 

Q1: How does the steady flow of charge 
through a material depend on  the voltage 
applied? 
A:  Electric current depends only on the 
type of material and not significantly on the 
voltage applied. 
B: Electric current depends on the 
voltage  and the type of material. 
C: The steady flow of charge through a 
material is the same for all materials 
independently of the voltage applied. 
 
 
 

Students are encouraged to delve into Ohm's Law, a fundamental concept in 
electricity. Despite its importance, misconceptions about this law are not 
uncommon. Understanding Ohm's Law is crucial for grasping various electrical 
phenomena and applications. Therefore, students are invited to explore, 
experiment, and use virtual simulations to aid their comprehension. 
 
This question seeks to assess students' comprehension levels regarding the 
relationship between voltage and current. Those with limited or no 
understanding will engage in further simplified questions about the same topic 
and explore virtual experiments to help them improve their understanding. 
Those who answered correctly will proceed directly to the hypothesis phase. 
 
B is the correct answer. Electric current is defined as the amount of charge (in electrons) 
passing through a circuit,, which is proportional to the voltage applied across it. 
Electrons can move more easily through some material of higher conductivity, which in 
turn results in a higher current for the same voltage. 
 
 
Competences Activated: Scientific Understanding (students are invited to test 
their knowledge about circuits) 

Q2: Some materials allow charge to 
flow through them differently. Some 
materials  do not allow charge to flow at 
all. What are the different categories of 
materials based on their ability to 
conduct electricity? 
A: Resistors, capacitors and batteries. 

Students who arrive here do not understand how current depends on the type of 
material and voltage provided. The question provides basic information about the 
dependence on the type of material and aims to challenge students to research  more 
about it and experiment more. Knowing the different categories of materials based on 
their ability to conduct electricity shows a basic understanding of how current depends 
on the type of material. 
 
C is the correct answer. Materials are classified as conductors, insulators or 
semiconductors based on their ability to carry electrical charge (electrons) through 
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B: Only metals conduct electricity, and 
non-metals do not. 
C: Materials can be categorised into 
conductors, insulators, and 
semiconductors. 

them. Conductors have a high enough free electron concentration to allow for easy 
transport of electric current and include metals such as copper or aluminium. 
Insulators, on the other hand, are materials that do not permit the flow of electrons 
under normal conditions and can be found in plastics, rubber or wood. Semiconductors 
lie somewhere in between these two extremes and can exhibit both conductive and 
insulating properties depending on external factors such as temperature, voltage or 
light exposure. A is incorrect because resistors, capacitors and batteries are not 
different types of materials, but different electronic components. B is incorrect 
because some non-metals (e.g., water) also conduct electricity. 
 
Competences Activated:  In order to use the virtual lab correctly, students must 
activate basic digital skills. They are also introduced to experimentation and 
challenged to do a basic literature review in order to categorise the materials 
correctly. 

Q3: The current passing through a 
conductor varies with the applied 
voltage. What happens to the current 
when you increase the battery voltage? 
A: Its behaviour does not change.. 
B: It decreases. 
C: It increases. 

Students who arrive here understand how current depends on the type of material but 
do not understand how current depends on the voltage provided. The question explains 
that the current varies with the voltage applied but asks to specify how. Students who 
fail this question are led back to the virtual lab to create a simple circuit to test the 
dependence of current on the voltage applied. 
 
After completing this challenge, students are assumed to  understand how current 
depends on the voltage provided and the type of material. This basic understanding is 
essential to start generating reasonable hypotheses. 
 
C is the correct answer. Applying a voltage to a conductor (like a wire), creates an electric 
field inside the wire. The electric field is like a "push" or "pull" on the electrons. The 
current that passes through the wire increases when you increase the voltage because 
the electric field gets stronger. This means the electrons get pushed and pulled harder, 
so they move faster and more of them flow through the wire. Thus, A and B are incorrect. 
 
Competences Activated:  In order to use the virtual lab correctly, students must activate 
basic digital skills. They are also introduced to experimentation through the use of 
different virtual lab tools (including electronic components and the voltmeter and 
ammeter), and have to think critically to use them correctly. 











https://view.genially.com/6645e599b3e3a900158b4b64/interactive-content-robot-horizontal-info






https://view.genially.com/664c64113d58dc0015ac475e/presentation-population-genetics-scenario-i
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Reflection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Monitoring 
and Reflecting 

Q8. When  FMB = 258 N and FB = 188 
N, what is the force FBM exerted by 
the bin on the man? 
 
 
Q9.  An egg accidentally falls to the 
floor. Why does it break? 
 
 
Q10.  A runner starts: What forces 
are exerted on her body and by 
which body(s)? 
 
Q11. The force moving her body is 
a reaction to which force, if the 
effect of air is considered 
negligible? 
 
Q12. Why do apples fall to the 
Earth while the moon orbits 
around the Earth? Can the same 
laws apply on the earth and in the 
sky? 

a picture to the students and ask them what is the force exerted by the bin 
on the man.  For one more time, the reason is to emphasize that action 
and reaction have the exact same magnitude and that all the other 
information is just to create confusion. In this way we test that students 
are confident into the knowledge that they have acquired so far and are 
not confused by other information. 
 
Moving to the final phase, the reflection, we are about to ask students 
more demanding questions. First we ask why an egg breaks when falling 
on the floor. At this point again some students might consider that the 
floor is exerting a greater force on the egg, and this is the reason that the 
egg breaks. Then we give the example of a runner and ask the students 
first to identify the different forces and accordingly why she is moving. 
Several examples have been presented to the students so far, where there 
is a clearly visible force applied on a body and causing it to accelerate. At 
this point this is not so obvious. Students should clearly describe in this 
case the forces causing the motion of the athlete; thus the athlete is 
exerting a force on the ground and the ground exerts friction to her. 
Students should understand that the vertical forces applied on the athlete 
cancel out. Finally, Q13 aims to challenge students even more.  We ask why 
apples fall to Earth, but the Moon is orbiting, thus whether the physical 
laws are not the same on the earth and sky. High performers at this point 
will understand that the physical laws cannot be different on Earth and the 
sky, thus they are the same everywhere. Then they should also understand 
that an apple contrary to the Moon does not have initial velocity. The 
Moon has a horizontal velocity (considered as initial velocity) and moves 
roughly in a circular orbit. The same will hold for an apple if it is thrown 
with a horizontal velocity of 8 km/s.  

The full explanation of the scenario can be found in Annex 5.8 
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https://phet.colorado.edu/sims/html/pendulum-lab/latest/pendulum-lab_all.html
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By comparing their results and discussing the different values of the measured period, students are engaging in 
a process where they share understanding and effort to solve a problem. Moreover, as they start conducting 
experimental work, students start to develop an academic mindset, dictating to put any hypotheses they make 
into the test. Once they have performed the actions mentioned above, low and moderate performers in Q1 will 
need to react to a new series of challenges: 
 
Q1a:  During the experiment, what causes the inaccuracy in the measurement of the period of the pendulum? 

A. Your reflexes when operating the stopwatch, mainly when starting the clock. 
B. Your reflexes when operating the stopwatch, both when starting the clock and when you stop it. 
C. You should be more careful with your measurements next time. 

 
Q1b: We propose you to count the total time of more pendulum oscillations and divide it by the number of 
oscillations. Which measurement is going to be the most accurate one? 

A. By measuring the time of 1 oscillation. 
B. By measuring the time of 50 oscillations. 
C. By measuring the time of 5 oscillations. 

 
Students choosing options A or C in questions Q1a and Q1b will need to repeat their measurements and if they 
still have difficulties, then the learning companion will explain to them the process of getting the most accurate 
result (see Figure 5).  

 
Figure 5: The AI learning companion 
will provide the necessary 
explanation at the end of the learning 
cycle to facilitate the continuation of 
the inquiry process. 

 
 
 

 
Figure 6: Two pendula with different rope lengths and same mass [65]. Students will need to answer which one swings faster. In this way 
reasoning skills are employed during the problem-solving process, while they start decomposing the problem to its parameters.   
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students are supporting their opinion with an argument rather than quit and admit they were mistaken without 
any further thought. Concluding the discussion about the pendulum scenario, a classification of the different 
learning paths, for the low, moderate and high performers is collated on Table 6. 
 
The crucial role that the AI learning companion plays becomes obvious by looking on Table 6. It would have been 
impractical to write down all the possible outcomes of the multiple-choice questions and design a learning path 
for each one, yet by not doing so it means that the above classification is not including a vast number of 
combinations. For example, in which of the three categories a student who gave the following combinations of 
answers (A, C, C, B, A, C, C, C, B) belongs to? The learning companion though can be trained to recognize different 
learning patterns by accumulating more and more data and design a learning path accordingly, thus the above 
classification serves as a guide to the AI learning companion. It is worth noting again that the teacher can watch 
the students as they are going through the learning path, as the AI learning companion provides feedback at 
every time. 
 
Table 10: An overall description of the paths of the low, moderate and high performers, according to their reactions to the challenges 
posed by the AI learning companion. In fact, here we are presenting the three reference paths. In the real classroom setting numerous 
paths will emerge as the reactions of the students will vary from the reference paths, moving from one level to the other.  

  
Our goal is the simultaneous development of deeper learning and the development of 21st century skills on one 
hand, with mastery of academic knowledge on the other. A crucial role towards the achievement of this goal 
play both the structure of the scenario, which should be built in a way that allows students to create new 
knowledge based on what they have been taught so far, as well as the AI learning companion. The latter will 
guide the student through the different phases of the scenario and provide targeted feedback addressing his/her 
specific misconceptions.   
 
The scenario in a compact form, along with the different educational goals of each phase is shown on Error! 
Reference source not found..  
 
The learning paths for the high, moderate and low performers are shown in Error! Reference source not found., Error! Reference source 
not found. and in Figure 14, respectively. A more complicated scenario, dealing with a phenomenon from Quantum Physics, the 
photoelectric effect, has also been prepared for the purposes of the project. This scenario is addressing to senior year students, while the 
contradictions between classical and quantum physics offer an ideal situation for practicing critical thinking and understand how to use 
experimental data as a guide for creating new knowledge and eventually master academic content. 

Question LOW PERFORMER MODERATE PERFORMER HIGH PERFORMER 
1 C B A 
2 A or C B B 
3 B or C A A 
4 A or C A or C B B 
5 B or C A B or C A 
6 B A C 
7 B A C 
8 A B or C D 
9 A A B 
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5.2. Photoelectric Effect 
 
This scenario is currently built on a power point but for harmonisation purposes, in this deliverable, the content is 
migrated to this annex.  
 
The overall goals of the scenario are: 
Describe the photoelectric effect and the setup necessary for its observation 
Use the PhET platform to perform virtual experiments 
Spot the weaknesses of classical Physics in the description of the photoelectric effect 
Understand the photoelectric equation and the relative graphs 
Learn about different applications of the photoelectric effect 

 
 
 
 
The work plan is presented to the 
teachers highlighting the expected 
workflow for each of the students 
according to their competence 
profile 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

The photoelectric effect is introduced to the students through one of its applications. A circuit consisting of a 
photocell and an amperometer is presented to the students. Then the students are asked to shine light (sunlight 
for example) onto the surface of the cell and observe the indication on the amperometer. Accordingly, the surface 
of the cell is covered and the indication on the amperometer is recorded again by the students. Why do you think 
there is current (flow of electrons) in the circuit? 
 
Another demonstration in order to intrigue the students and try to make them get an experiential understanding 
of the photoelectric effect through a classical analogue is the following: An object weighting around 2.5 Kg is 
placed onto a table. The teacher is distributing very light ping-pong balls to the students and asks them to throw 
them simultaneously to the object in order to make it fall from the table. Then a basketball is thrown by the 
teacher to the object and the object falls off the table. The object falling from the table symbolizes the release of 
an electron. 
 
To be noted Previous knowledge of wave theory and Planck's hypothesis for the black body radiation is assumed 
 

Photoelectric effect: workflow plan

Engagement

Students observe 
the photoelectric 
effect 
through different 
demonstrations

Hypothesis

Studentscreate a 
hypothesis based 
on previously 
taught knowledg
e

Experiment 

Students 
are performing 
experimental 
work using a 
virtual lab

Analysis

Explanation 
based on 
evidence �t data 
analysis

Reflection

Understanding 
the importance 
of the 
photoelectric 
effect in "real 
life" situations

Guidance for students with moderate performance

Action needed for students with low performance

Loop

Figure 10 Photoelectric effect scenario workflow plan. 

Phase 1: Engagement of the students 
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Two questions are presented to the students: 
Q1. Assume that the Sun is behaving like a black body, then according to Planck's hypothesis: 
The Sun emits radiation continuously  
Radiation gets emitted by the Sun only in discrete packets 

A. Both can happen 
 
Q2. What do you think happens so that the amperometer records current? : 

A. Some emitted packets by the Sun have enough energy to release electrons from an atom of the cell 
B. No matter what the energy of the packet is, if we wait for a long time electrons will flow on the circuit anyway, since 

several packets would have been absorbed 
C. Both can happen 

 
The path for the different students is presented in the following table: 
 
Table 11 Table indicating the students' different paths. 

 
 
 
Students are provided the necessary guidance depending on their answer. 
 

 
Figure 11  Guidance to students 





https://phet.colorado.edu/sims/cheerpj/photoelectric/latest/photoelectric.html?simulation=photoelectric
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Figure 13 Experiment 1 instructions. 

 
    
 
  Q5. According to your measurements: 

A. The ejection of electrons depends on the frequency and there is a critical value 
B. The ejection of electrons depends on the frequency and the intensity 
C. The ejection of electrons depends only on the intensity 

Q6. As you decrease the wavelength the energy of the light beam is: 
A. Decreasing 
B. Increasing 
C. Remaining the same 

Q7. As the wavelength decreases, the number of ejected electrons: 
A. Increases 
B. Decreases 
C. I can't tell while the intensity is set at 100% 

Q8. The value for which you observe the ejection of electrons in the plot and the one obtained from your table: 
A. Are very close to each other 
B. Are completely different 
C. Are the same if one of them is multiplied by ten 

Experiment 1 - Results 
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Table 14  Different path for the students according to their options.  

 
Different guidance is provided for each group of students 

 
Figure 14 Guidance for students depending on their choices. 

 
Figure 15 Guidance to the other group of students. 
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Figure 16 Instructions for Experiment 2. 

 
 

Q9. According to your measurements: 
A. As the intensity decreases the number of the ejected electrons increases 
B. As the intensity decreases the number of the ejected electrons decreases 
C. Nothing is changing 

Q10. As the intensity decreases, the ejected electrons become: 
A. Faster 
B. Slower 
C. Their kinetic energy remains the same 

Q11. The plot that you obtained: 
A. Contradicts the values recorded on your table 
B. Is in line with the values on your table 
C. I can't tell unless I vary the wavelength as well 

 

Table 15  Different path for the students according to their options.  

 
 

Experiment 2 - Results 
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Different guidance is provided for each group of students 
 
 
Figure 17 Guidance for the students depending on their 
choices on Experiment 2 

 
Figure 18 Instructions for Experiment 3 
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Q12. When the value of the voltage is negative: 
A. The cathode is positively charged 
B. The cathode is negatively charged 
C. The cathode is neutral 

Q13. From the plot you get with the intensity at 50%, what do you observe: 
A. The current drops at half 
B. The current remains the same 
C. The current gets doubled 

Q14. From your measurements: 
A. There is cut-off voltage (-V0) after which no electrons can make it to the anode 
B. Electrons can make it to the anode only when the voltage is positive 
C. There is electron ejection only when the applied voltage is positive 

 
Table 16  Different path for the students according to their options on Experiment 3 

 
 
 
Guidance is provided to the students according to their choices: 
 

Experiment 3 - Results 

Figure 19  Guidance provided to students in need of more in-depth support. 
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In the next phase students will start to prepare their explanations based on the evidence collected: 
 
 

 
Figure 21 Information provided to start Phase 4 (Images @Khan Academy). 

A new set of questions is presented 
 

 
 
 
 

Figure 20 Guidance to support students with a need for moderate support 
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Figure 27 Guidance given to students needing more support to move forward. 

 
 

 
Figure 28 Guidance provided to students in need of more moderate support. 
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Figure 35 A new experiment is introduced related to Newton's second law. 

A series of questions are now presented to verify if the students can properly interpret the acquired results: 
Q10. In the two experiments, which parameters do you control? 

A. The force and the acceleration. 
B. The force only.  
C. The force and the mass of the object.  

Q11. Which one of the following can you say: 
A. The object is accelerating with a constant acceleration when a constant force is applied to it.  
B. The acceleration depends on the mass of the object not the applied force.  
C. The object is moving with a constant velocity when a constant force is applied.  

Q12. From the two experiments what do you observe, for the relation between the mass and the acceleration, 
when the force is constant: 

A. When the mass doubles the acceleration remains the same. 
B. When the mass doubles the acceleration doubles.  
C. When the mass doubles the acceleration drops at half. 

 
A new path is then designed for the students according to their choices: 
 
Table 24 Paths definition for the hypothesis phase according to the answers to Q10, Q11 and Q12. 

 LOW MODERATE HIGH 

1 A B C 

2 C B A 

3 B A C 

Actions Repeat 
the experiments carefully 

The AI 
agent provides explanations  Move on 
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Figure 38 Newton's laws are presented to the students. 

 
Students are now invited to perform some mathematical operations in support of their data analysis: 
 

 
Figure 39 Questions presenting new challenges for the students related to Newton's laws. 

 
 
A new path is then designed for the students according to their choices: 
 
 





 

 
Discovery Space - 101086701 

ERASMUS-EDU-2022-PI-FORWARD-LOT1 
 

 

 
Copyright © Discovery Space Consortium 2023. All rights reserved.  
D.4.1 Practice Scenarios-First Version    Page | 94  
 

 
 
Students are now invited to reflect on their results. New questions are presented in order to support them in this 
task:  

 
Figure 42 Prompt for students reflection on their results. 

Table 26 Paths definition for the hypothesis phase according to the answers to Q15 and Q16. 

 LOW MODERATE HIGH 

1 B A C 

2 A C B 

Actions The AI agent provides explanations  Move on 

 
Support to students  to finalise the activity: 

 
Figure 43 Support to finalise the activity. 

Reflections 
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5.4. Phases of the Moon  
 
The first phase of the scenario is devoted to awakening the curiosity of the student about the topic: 
 

 
Figure 44 Exploring the Phases of the Moon Scenario 

 
Students are invited to observe the Moon as a way to 
ignite their curiosity. They are invited to observe the 
Moon for a month and register what they see. 
Students receive a template with the necessary 
instructions.  
 

 
Figure 45 Observing the Moon Phases preparation activity 

 
 

Message for the teacher: 
Invite your students to compare their observations and discuss their findings. If possible, collaborate 
with schools in other parts of the world for a richer experience since the phases of the Moon will appear 
differently in different parts of the world (a topic for one of the future scenarios). 

 
 

 

 
Figure 46 Template for the phases of the Moon observation 

https://portaldoastronomo.org/wp-content/uploads/sites/3/2020/04/MoonDiary_en.pdf  
 

https://portaldoastronomo.org/wp-content/uploads/sites/3/2020/04/MoonDiary_en.pdf


https://starwalk.space/en/moon-calendar
https://www.lpi.usra.edu/education/pre_service_edu/PhasesMisconceptions.shtml


https://www.exploratorium.edu/eclipse/why-dont-we-have-an-eclipse-every-month


https://www.wikihow.life/Create-an-Earth-and-Moon-Model
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