
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I SEE start-up module 
on climate change 



 

 

 

 

General introduction to the module  

This module includes all the materials that have been implemented during the I SEE summer 
school, occurred in Bologna, June 5-9, 2017. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜ ǊŜǇƻǊǘ ǘƘŜ ǘƛƳŜǘŀōƭŜ ƻŦ ǘƘŜ ǎŎƘƻƻƭ ŀƴŘ ǎƘƻǿǎ ǘƘŜ ŀǊǘƛŎǳƭŀǘƛƻƴ ƛƴ ǘƘǊŜŜ άōƭƻŎƪǎέΣ 
respectively aimed to develop: a) conceptual & epistemological knowledge and skills; b) future-
scaffolding skills; c) action competence and agency. The three blocks have respectively developed 
by the Finnish, the Italian and the Icelandic Communities of Practice. Besides the three blocks, the 
I SEE partnership organized events, during the summer school, that were targeted to a wider 
audience: two plenary lectures by Carlo Cacciamani and Peter Bishop, a Panel with experts on 
climate change.  

 

The current version of the Start-Up module will be revised in the light of the research results we 
will obtain from the data analysis and will be simplified to be used in school contexts more usual 
than an International summer school. 

 

 

 

 

   



 

 

Part 1 ς Conceptual and epistemological knowledge (Helsinki group) 

Learning outcomes 

¶ Students learn to model greenhouse effect as a scientific phenomenon. 

¶ Students will learn (or revise) the physical concepts of radiation, heat, temperature, 
interaction between matter and electromagnetic radiation, atmosphere of the earth 
(contents and function), greenhouse gases and global warming. 

¶ Students learn scientific epistemology and lab working skills: modeling phenomena, testing 
hypotheses, making predictions, observing, planning, and executing controlled 
experiments and measurements, analysing data, communicating findings to peer groups, 
forming arguments on the basis of empirical findings.  

¶ Students practice modelling and argumentation (transversal future-scaffolding skills). 
 

Overview: 

Completing all the activities in Part 1 with students will take approximately one working day. Time 
should be allocated also for cleaning up after every labwork. 

¢ƘŜ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎǳǇǇƻǊǘ ǎǘǳŘŜƴǘǎΩ ƻǿƴ ŀŎǘƛǾƛǘȅ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴΦ The emphasis is on 
student centered modeling, which aims to link the concepts of greenhouse effect to the previous 
knowledge.  

  
Introduction  
 

1. Discussion about the global temperature 
 
Students are shown the following picture. 

 
https://climate.nasa.gov/vital-signs/global-temperature/ 
 
 
Students are asked to discuss the following questions: 

¶ What is the global temperature? 

¶ What does the graph tell us? 

¶ What causes the rise of the global temperature? 

https://climate.nasa.gov/vital-signs/global-temperature/


 

 

 
2. Students are asked to explain in small groups (3-4 students): 

¶ What does greenhouse effect mean? 

¶ How does it work? 
Students can for example draw a picture or a mind map, or explain their ideas and 
views about the greenhouse effect by other means. The purpose of this activity is to 
ŦƛƴŘ ƻǳǘ ǎǘǳŘŜƴǘǎΩ ƛƴƛǘƛŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ƎǊŜŜƴƘƻǳǎŜ ŜŦŦŜŎǘΦ  

 
Activities 

Activity 1 

The purpose of this activity is to introduce to the spectrum of electromagnetic radiation. 

-       Materials:  

¶ spectrophotometer, compatible interface and software 

¶ a variety light sources; for example LED, incandescent bulb, sun 

-       Spectra of various light sources are measured using the spectrophotometer and the 
differences are discussed.  

-       A picture of the electromagnetic spectrum is shown. It is reminded and discussed that visible 
light, which was measured earlier, only represents a narrow part of the complete range of 
electromagnetic radiation. 

  

 http://www.ces.fau.edu/nasa/module-2/radiation-sun.php 

- Another picture of the ǎǳƴΩǎ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ spectrum is shown. The picture shows how 
much of the electromagnetic radiation emitted by the sun falls within ultraviolet, visible 
light and infrared wavelengths.  
  
 

http://www.ces.fau.edu/nasa/module-2/radiation-sun.php


 

 

 
http://www.ces.fau.edu/nasa/module-2/radiation-sun.php 
 

Activity 2 

The purpose of this activity is to learn that visible radiation is absorbed by the 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 
which in turn emits thermal radiation. 

-       Materials:  

¶ Two Erlenmeyer flasks with stoppers with one hole 

¶ black paper, aluminum foil 

¶ two thermometer probes, compatible interface and software 

¶ tape 

Place two Erlenmeyer flasks in sun light. Place black paper in the bottom of one flask and 
aluminum foil in the other. Add some tape to the flasks to prevent the sun light to heat the probes 
directly. Measure the temperature of the flask as shown in the picture. The results of experiments 
are discussed. 

 

http://www.ces.fau.edu/nasa/module-2/radiation-sun.php


 

 

  

-        Expected results: The temperature in the flask with black paper rises more than in the flask 
with aluminium foil. Students should learn that visible radiation is absorbed by black paper. 
This warms up the paper which in turn emits thermal radiation (infrared radiation). The air in 
the flask gets warm due to this thermal radiation and the heat conducted from the paper to 
the air. The air in the other flask will also get warmer, but due to reflection of light the 
temperature of the paper ς and, thus, the air ς does not increase as much as in the other 
flask. The concept of albedo can be discussed in touch with this experiment. Albedo refers to 
the fraction of radiation reflected back. Surfaces for example ice that have a high albedo 
reflect more solar radiation than dark surfaces which have low albedo.  

Activity 3 

The purpose of this activity is to learn that some gases absorb infrared radiation.  

-       Materials:  

¶ infrared thermometer (IR gun) 

¶ tube, for example gutter pipe, in T-shape 

¶ a hot object, for example a hot plate 

¶ an experiment stand to hold the tube and the thermometer 

¶ an Erlenmeyer flask 

¶ baking soda, vinegar (for preparing carbon dioxide) 



 

 

¶ boiling water  

First the principle of the infrared thermometer is discussed. In short: the 
thermometer can determine the temperature of an object by measuring the 
thermal radiation emitted by the object. 

Fasten the tube and the infrared thermometer on a stand. Place the hot plate so 
that its temperature can be measured with the thermometer through the tube. 
Heat the hot plate till a certain temperature. Measure its temperature first through 
air in the tube.   

Pour some vinegar in the Erlenmeyer flask and add some baking soda. Quickly place 
the flask in the hole under the tube. The carbon dioxide produced in the flask will fill 
the tube. Measure the temperature of the hot plate again before carbon dioxide 
escapes the tube.  

Then place a beaker with boiling or hot water in the hole under the tube. Repeat 
the measurement when the tube is filled with water vapour. 

Finally place a glass plate between the hot plate and the thermometer and measure 
the temperature. 

 

 

 

-        Expected results: The thermometer shows the temperature of the hot plate to appear lower 
when measured through carbon dioxide or water vapour or behind a glass plate. The 
explanations of these results are discussed with students. The temperature of the hot plate 
obviously is constant, but it appears to be lower because carbon dioxide, water vapour and 
glass prevent thermal radiation to pass through like in air. Part of the infrared radiation is 
absorbed by carbon dioxide and water vapour which are greenhouse gases. 



 

 

This activity can be extended by infrared pictures. If an infrared camera is available the following 
kind of pictures can be taken. They illustrate how, for example, glass is transparent to visible 
radiation but nor for infrared radiation. On the other hand, light does not pass through a 
black plastic bag, but infrared radiation does. 

 

 

 

Finally, in this activity a picture of the spectrum of solar radiation is shown again. This picture 
shows the difference between the radiation outside atmosphere and the radiation that 
ǊŜŀŎƘŜǎ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  The visible wavelengths of radiation are passed through the 
atmosphere more easily than the longer wavelengths which are absorbed by the greenhouse 
gases. 



 

 

 

http://www.fondriest.com/environmental-
measurements/parameters/weather/photosynthetically-active-radiation/ 

After the three activities, students are asked to revise their initial explanations about the 
greenhouse effect. Students represent their explanations to each other. 

If there is need to recapitulate the principle of the greenhouse effect, a video can be watched: 

https://www.youtube.com/watch?v=sJ0eN_93l4k 

 

Activity 4 

As an introduction, a graph is shown that shows the atmospheric carbon dioxide concentration 
measured in Mauna Loa Observatory. 

 

https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2_data_mlo.png 

http://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/
http://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/
https://www.youtube.com/watch?v=sJ0eN_93l4k
https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2_data_mlo.png


 

 

The purpose of this activity is to explore how different objects affect the concentration of carbon 
dioxide. 

-       Materials:  

¶ a carbon dioxide probe, compatible interface and software 

¶ a glass beaker 

¶ a lid with a hole 

¶ a candle 

¶ bananas, grapes 

¶ freshly cut leaves 

¶ water 

¶ soda water 

¶ aluminum foil or black canvas to cover the beaker 

Place a candle in the glass beaker. Put a metal lid and a carbon dioxide probe on the 
beaker. Light the candle and measure the concentration of CO2. 

 Take off the candle and shake both the beaker and the probe to ventilate them. 
Continue the measurements with bananas, grapes, water etc. placed in the beaker. 
When measuring the concentration of CO2 with green leaves such as parsley, put 
the beaker first in sun light or a bright light for example an old slide projector. Then 
cover the beaker with aluminum foil or black canvas and continue the 
measurements. If you have a motor to circulate the air in the beaker the CO2 will 
divide more evenly in the beaker. Also, the beaker can be placed inclined as in the 
picture below. Remember to be patient with these measurements. 

 

 

 
 

 

  



 

 

Activity 5 

The purpose of this activity is to expand the previously acquired knowledge of carbon emission to 
concern also anthropogenic sources. 

-       Materials: Computers or mobile devices for the students. 

Watch an introductory video of the carbon footprint, for example: https://youtu.be/8q7_aV8eLUE 

In small groups (3-4 students), students are asked to calculate their own carbon footprints using a 
calculator available on the internet. For example, http://web.stanford.edu/group/inquiry2insight/cgi-
bin/i2sea-r2b/i2s.php?page=fpcalc 

After that, they discuss the following topics:  

¶ What is the largest carbon source in the life of an adolescent in my country? Why?  

¶ How could we reduce our footprints?  

¶ Is there some particular carbon source for reduction of which we already do pretty good 
job? 

Teacher led discussion of topics:   

¶ What differences in carbon emission we noticed?   

¶ How do our footprints relate to the global average?  

¶ Can we affect the global picture?  

For example, this picture can be used to facilitate the closing discussion of the global viewpoint: 

 

https://en.actualitix.com/country/wld/co2-emissions-per-capita.php 

Part 2 ς Future scaffolding skills (Italian group) 

https://youtu.be/8q7_aV8eLUE
http://web.stanford.edu/group/inquiry2insight/cgi-bin/i2sea-r2b/i2s.php?page=fpcalc
http://web.stanford.edu/group/inquiry2insight/cgi-bin/i2sea-r2b/i2s.php?page=fpcalc
https://en.actualitix.com/country/wld/co2-emissions-per-capita.php


 

 

Learning outcomes  

The learning outcomes of the activities are summed up in Table 2.1. They are related to each of 
the three set of activities in which this part is organised. Although the activities have been 
designed with a multidimensional approach that often strictly links knowledge and skills, for each 
learning outcome, we specify what type of knowledge and/or skill is mostly involved. The 
distinction between content, procedural and epistemic knowledge is inspired by the OSCE-PISA 
recommendations (OECD, 2016; PISA, 2015). 

Table 2.1. Learning outcomes of the three sets of activities with the related knowledge and/or skills 
that are mostly involved. 

Set of 
activities 

Learning outcomes Knowledge and/or skills 
mostly involved 

A Students get acquainted with basic concepts of science of complex 
systems: complex system, nonlinearity, sensitive dependence on initial 
conditions (butterfly effect), self-organization, circular causality, positive 
and negative feedback loops. 
 
Students become familiar with one of the main tools of the science of 
complex systems, the simulation, and understand that it can be 
considered a third way to study phenomena beyond the two traditional 
ones (laboratory experiments and theories); they learn that the 
simulation does not use normal words or symbols of mathematics but 
uses a particular language that incorporates into a computer program 
that can be used as a virtual laboratory. 
 
Students recognize that linear causality is not the only way to think and 
talk about the future and get acquainted with a new vocabulary 
elaborated by the science of complex systems to think and talk about 
future (e.g. the concept of projection as distinct from deterministic 
prediction; the concept of possible future scenarios). 
 
Students learn that approaching science phenomena that involve 
citizenship issues (e.g. climate change) implies a change in the 
epistemological way of looking at the phenomena itself: they learn, for 
example, that climate is a complex system and that the interpretation of 
phenomena related to it implies new type of explanation, modelling and 
argumentation. 

Scientific content knowledge 
 
 
 
 
Scientific procedural 
knowledge 
 
 
 
 
 
 
Scientific epistemic knowledge 
 
 
 
 
Scientific epistemic knowledge 

B Students become able to analyse scientific texts by recognizing the 
causal net made by links and nodes. 
 
Students become able to distinguish from linear and circular causality, 
within the scientific texts, recognizing the nature of the causal links and 
individuating possible feedback loops that can be found starting from 
the text. 
 
 
 
 
Students learn to transform the causal nets present in the scientific 
texts into cause-effect maps. 
 

Ability to analyse and 
understand written texts 
 
Abilities to: explain 
phenomena scientifically; 
manage the three-pronged 
knowledge (about the concept 
of feedback and of causality) 
to reason about the future 
 
Ability to build causal maps 



 

 

C Students become able to apply concepts of science of complex systems 
(e.g. feedback loop) in an urban problem. 
 
 
 
 
 
Students learn that approaching climate change implies a change in 
ways we live in everyday life and we, collectively, make decisions. 
 
Students get acquainted with basic concepts coming from future studies 
(forecast, foresight, anticipation, back-casting, the distinction between 
probable, possible and desirable futures) and manage these concepts to 
reason about an urban problem. 
 
Students learn that scenarios are hypothetical sequences of events 
constructed for the purpose of focusing attention on causal processes 
and decision points and practice for elaborating them.  
 
Students become able to imagine possible future careers to aspire, 
putting their creativity into play. 
 
Students become personally committed to outline a desirable scenario 
and/or to point out a desirable objective to be reached in the future. 
 
Students take the agency to plan an action to make their futures 
possible. 
 
Students work in group to reach shared decisions. 

Ability to explain phenomena 
scientifically; manage the 
three-pronged knowledge 
(about the concept of 
feedback and of causality) to 
reason about the future 
 
Decision making skills 
 
 
Ability to manage the 
distinction between possible, 
probable and desirable futures 
 
Knowledge about the concept 
of scenario 
 
 
Creativity 
 
 
Active participation 
 
 
 
Plan actions 
 
 
Cooperation and conflict 
resolution skills 

Overview  

The activities aim to develop future-scaffolding skills (both scientific and transversal). 

They are articulated in three different types for a total of 8 hours:  

a. Activities on Future-scaffolding hard-scientific skills (2h hours and half), focus on science on 
complex system and the use of simulations;  

b. Activities on Future-scaffolding transversal skills from Logical Framework (2h hours and 
half), focus on an example of mitigation within climate change (transport) and the 
construction of causal maps from the analysis of a scientific text;  

c. Activities on Future-scaffolding transversal skills from Futures Studies (one task to do at 
home - half an hour + 3 hours), focus on the analysis of a societal problem and the creation 
of future scenarios 

As an intermediate part of the module, it represents the link between the other two. This part is 
strictly content-dependent with regard to activity A and B, instead it is content-independent with 
regard to activity C. 



 

 

Activities 

Activity 1 (A) 

The first set of activities has the main goal to develop hard-scientific knowledge about the science 
of complex systems.  

-       Needed materials 

Paper and pencils to take note 

iPad or laptop (1 per group) for the simulations 

-       Description of the specific activity enriched also by practical suggestions for the teacher 
(e.g. how groups should be made, what types of questions, why you ask that and where 
you can find resources for the answers) 

The teaching strategy is a dialogic lecture, where the structure of the lecture is part of the 
message that the materials intend to vehicle. The new concepts and the new terms are indeed 
part of a general framework that outlines an epistemological change in the way science models 
changes and manage the future, overcoming and problematizing the linear deterministic 
Newtonian causal modelling. 

-       How the activity runs 

The activity focuses on the concepts of science of complex systems. This discipline has been 
chosen because the approach to climate study requires a change in the epistemological paradigm, 
which becomes very different from the one used in classical physics. Indeed, the linear, 
deterministic and reductionist paradigm - though being the most taught in school physics - is not 
the only one that authentic physics has provided and the science of complex systems gives 
interesting inputs to develop new ways of thinking about causality, modelling strategies, systems, 
elements which are all fundamental if one wants to approach to the study of climate science. 

The science of complex systems laid the foundations of a completely new paradigm of causal 
explanation. The most fundamental concept is the renounce at linear causality in favour of the 
recognition of the existence of a circular pattern of causality, mainly represented by the concept 
of feedback. As a consequence, complex systems can show a high sensitivity to initial conditions, 
since at small variations in causes can correspond big modifications in effects (the so called 
ΨōǳǘǘŜǊŦƭȅ ŜŦŦŜŎǘΩύΤ ǘƘƛǎ ǿŜŀƪŜƴǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ƻōǘŀƛƴ ŀ ŘŜǘŜǊƳƛƴƛǎǘ ǇǊŜŘƛŎǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜ 
because the non-linear equations, rather than conserving the unavoidable experimental errors on 
initial conditions, can progressively amplify them (deterministic chaos). As a consequence of this 
ǊŜŀǎƻƴƛƴƎΣ ǘƘŜ ǘŜǊƳ ΨǇǊŜŘƛŎǘƛƻƴΩ ƛǘǎŜƭŦ ς referring to the univocal result of the application of a 
model ς ƭƻǎŜǎ ǎƛƎƴƛŦƛŎŀƴŎŜ ōŜȅƻƴŘ ŀ ƭƛǘǘƭŜ ǘƛƳŜ ƘƻǊƛȊƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴǎǘŜŀŘ ƻŦ ΨǇǊŜŘƛŎǘƛƻƴΩΣ ŀ ƳƻǊŜ 
ǳǎŜŘ ǘŜǊƳ ƛǎ ΨǇǊƻƧŜŎǘƛƻƴΩ ōŜŎŀǳǎŜ ƛǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǊŀƴƎŜ ƻŦ ǇƻǎǎƛōƛƭƛǘƛŜǎ ǿƘƛŎƘ ƛǎ ŀǎ ǿƛŘŜ ŀǎ Ƴŀƴȅ 
and various are the future scenarios obtained from the application of a model. A crucial word for 
ǘƘŜ ǎǘǳŘȅ ƻŦ ŎƭƛƳŀǘŜ ǎȅǎǘŜƳǎΣ ŀǎ ŎƻƳǇƭŜȄ ƻƴŜǎΣ ƛǎ ǇǊƻǇŜǊƭȅ ǘƘŜ ǘŜǊƳ ΨǎŎŜƴŀǊƛƻΩ ŀƴŘ ƛǘ ƳŜŀƴǎ ƴƻǘ ŀ 
specific prediction about future but a plausible description of what could happen, based on trends 
and events obtained from the past and from the present. 



 

 

Another characteristic that is no more valid in many complex systems is the additivity of causes in 
leading to an effect. The need of a change of paradigm arises from the existence of phenomena of 
self-organization, spontaneous processes where some form of overall order arises from local 
interactions between parts of the system. Within this perspective, the reductionist paradigm fails 
too: in complex systems, understanding the individual components is crucial but the knowledge of 
the parts is not sufficient in order to explain the behaviour of the whole system; the complex 
interactions between parts create new processes, principles and structures that, although having 
their material basis on the underlying components, are conceptually independent from those.  

This activities aim to explore the main concepts of science of complex systems and are 
characterised in terms of disciplinary content, application context and form of presentation of the 
activities themselves (cfr. Table 2.2 for an overview). Content, context and form of presentation 
are systematically confronted against the Newtonian paradigm. 

Table 2.2. Overview of activities A. 

Activity Disciplinary content Application context Form of presentation 

Lotka-Volterra 
predator-prey 
model 

non-linearity ecological science 
mathematical 
description and 
simulation 

Feedback Ted-Ed 
lesson 

feedback and circular 
causality 

ecology, climatology, 
economics, computer 
science, molecular biology 

video-lesson and 
interactive test 

{ŎƘŜƭƭƛƴƎΩǎ 
segregation model 

self-organization and 
emergent properties 

sociological modelling simulation 

The first activity focuses on the concept of non-linearity through one of the simplest model in 
complex systems science. It describes the variation of number of preys and predators, if specific 
conditions hold. In order to present this model (also known as Lotka-Volterra) the following 
strategy is suggested: first of all, the mathematical equations are verbally presented and 
commented, in order to explain the meaning of the variables and the modelling role of the various 
coefficients, as showed in Figure 2.1.  

 



 

 

Figure 2.1. Equations of the Lotka-Volterra model in which the names of the variables and the 
parameters are made explicit. 

{ŜŎƻƴŘƭȅΣ ǘƻ ƳŀƪŜ ǎǘǳŘŜƴǘǎ άǎŜŜέ ǘƘŜ ƳƻŘŜ ƻŦ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘŜƭΣ ŀ ǎƛƳǳƭŀǘƛƻƴ ƛǎ ǇǊŜǎŜƴǘŜŘΥ 
http://mathinsight.org/applet/lotka_volterra_versus_time_population_display. Changing the 
values of the parameters A, B, C and D, the simulation gives two graphs, like the ones in Figure 2.2, 
representing the evolution of prey and predator populations. 

 

 

Figure 2.2. Graphs of the time-evolution of prey (blue) and predator (red) populations, according to 
the Lotka-Volterra model, with a suitable choice of parameters A, B, C and D. 

After this phase of the activity, the results of the simulations are compared with the real data 
coming from the observation of a real predator-prey relationship, considering the interaction 
between wolves and moose on Isle Royale, an island in Lake Superior. Showing the difference 
between the two graphs, here reported in Figure 2.3, it is pointed out that all models, through all 
the possible improvements with the addition of other coefficients, can never take into account the 
whole complexity of the real world. To clarify this point, a second simulation, available online at 
the link http://www.phschool.com/atschool/phbio/active_art/predator_prey_simulation/, is 
showed. It allows students to change some more parameters which soften some validity 
conditions of the model. 

 

 

http://mathinsight.org/applet/lotka_volterra_versus_time_population_display
http://www.phschool.com/atschool/phbio/active_art/predator_prey_simulation/


 

 

 

Figure 2.3. Comparison between ideal and real graphs: 2.3.top) ideal graph obtained with the 
application of the Lotka-Volterra model, with fixed parameters; 2.3.bottom) real data for 40-years 
evolution of wolf and moose populations on Isle Royale. 

So, to recap the design aspects of this activity, we have: i) a disciplinary content represented by 
the non-linearity between variables in a complex system, ii) an application context within the 
ecological science and iii) a form of presentation that uses a simulation that allows the student to 
άǇƭŀȅέ ǿƛǘƘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ƳƻŘŜƭΦ 

The second activity focuses on the concepts of feedback and circular causality as crucial aspects 
that characterize a complex system. The activity is a sort of follow up of the previous activity. Its 
main goal is to refine vocabulary, ideas and arguments in order to examine more and more deeply 
and consciously the sense of giving up linear causality when talking about complex systems. The 
activity is organized as a TED-Ed page, based on an animated video-lesson: 
http://ed.ted.com/lessons/feedback-loops-how-nature-gets-its-rhythms-anje-margriet-
neutel#watch. The topic is positive and negative feedbacks in biological systems. Using a musical 
metaphor, the video gives imaginative tools for thinking the raising up of self-organization starting 
from a complex substrate of feedback cycles.  

The video-lesson is equipped with different kinds of questions (multiple choices or open-ended), 
to boost on-line learning about the topic; the questions asked to students are reported in Annex 
A4. Moreover, there is a summary about the contents of the video, with some details for a 
deepest analysis of the topic (links to other Ted-Ed lessons, to scientific papers, etc.). It has also 
been created a section for discussion, where everyone can leave questions, comments or remarks 
that all participants can read and answer.  

For the activity, we suggest to watch the video twice. The first time students can be asked to focus 
their attention in order to identify the keywords of the topic that emerge from the video (e.g. 
ŦŜŜŘōŀŎƪ ŀǎ Ƴǳǘǳŀƭ Ŏŀǳǎŀƭ ƛƴǘŜǊŀŎǘƛƻƴΣ ǎǘŀōƭŜ ōŀƭŀƴŎŜΣ ƻƴƎƻƛƴƎ ǇǊƻŎŜǎǎΣ ΧύΦ CƻǊ ǘƘŜ ǎŜŎƻƴŘ ǘƛƳŜΣ 
students can be asked to give significance to the sentence άfeedback is what makes everything 
ǿƻǊƪέΣ ŦƻŎǳǎƛƴƎ ǎǘǳŘŜƴǘǎΩ ŀǘǘŜƴǘƛƻƴ ƻƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ŦŜŜŘōŀŎƪ ŀǊŜ ǇƻǿŜǊŦǳƭ 
forces that shape the behaviour of all biological systems: negative feedback provides stability, 
while positive feedback stimulates change and is responsible for the sudden appearance of 
environmental problems and many other rapid changes in the world.  

http://ed.ted.com/lessons/feedback-loops-how-nature-gets-its-rhythms-anje-margriet-neutel#watch
http://ed.ted.com/lessons/feedback-loops-how-nature-gets-its-rhythms-anje-margriet-neutel#watch


 

 

At the end of the interactive lesson, the activity is supposed to be completed by a classroom 
discussion of other types of feedback that can be recognized in a lot of fields of interest. In our 
implementation, we chose the example of the relationship between atmosphere absorbance and 
the growth of the temperature at the Earth surface (climatology), the law of supply and demand 
(economics), the violation at central dogma of molecular biology (molecular biology) and the 
selection bias (computer science).  

So, to recap the design aspects of this activity, we have: i) disciplinary content represented by the 
concepts of feedback and circular causality, ii) an application context that embraces different 
areas of interest (from ecology to climatology, from economics to computer science) and iii) a 
form of presentation that uses a video-lesson, an interactive test to verify the knowledge acquired 
and a classroom discussion to share examples and what was learnt.  

The third activity of this set regards the concept of self-organization. It uses a method that is itself 
a disciplinary content of complexity science: the simulation. For many reasons, it is practically 
impossible to study complex social systems through the experimental technique: we think about 
ǘƘŜ ƎǊŜŀǘ ŘƛŦŦƛŎǳƭǘȅ ƛƴ ƳŀƴƛǇǳƭŀǘƛƴƎ ŘŜŜǇƭȅ ǿƻǾŜƴ ǾŀǊƛŀōƭŜǎ όǘƘŜ ŀŘƧŜŎǘƛǾŜ ΨŎƻƳǇƭŜȄΩ Ƙŀǎ ǇǊƻǇŜǊƭȅ 
this etymology: cum-plexus, woven together), but we also think about the ethical consequences of 
such an approach; because of these reasons, simulations are used, in which one can replicate, 
through a specific software, the principal properties and the dynamics of a social system and, 
through the controlled manipulation of some reference materials, one can perform 
άŜȄǇŜǊƛƳŜƴǘǎέΦ ¢ƘŜ άǇƭŀȅŀōƭŜ Ǉƻǎǘέ ǇǊŜǎŜƴǘŜŘ ŦƻǊ ǘƘƛǎ ŀŎǘƛǾƛǘȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ¢ƘƻƳŀǎ {ŎƘŜƭƭƛƴƎΩǎ 
dynamic model of segregation and is available at link http://ncase.me/polygons/. In this model, 
the environment is a 2-dimensional world populated by squares and triangles, in which simple 
cohabitation rules convert themselves in scenarios of racial segregation.  

This last aspect allows us to see how, in complex systems, to causes at the level of individuals and 
their interactions can correspond effects at the level of system. We confer on this activity an 
important role because we want, in our research, to build agency skills that can be acquired only if 
there is a comprehension of the fact that one can do something and that his/her personal action 
does make the difference.  

So, to recap the design aspects of this activity, we have: i) a disciplinary content represented by 
the concept of self-organization and sensitivity to initial conditions, ii) an application context that 
refers to a model very well studied sociological model and iii) a simulation as form of presentation.  

-      Possible difficulties that students and teachers can encounter. 

In the activity about Lotka-Volterra model, students can encounter difficulties in dealing with the 
mathematical equations, written in differential form. Teachers can introduce the model even if 
students have not yet studied derivatives in mathematics course, explaining that the symbol dx/dt 
means the increase of the quantity x (which is the population of predators or preys) in the time 
interval t; if the population increases, dx/dt is positive, while if the population decrease, it is 
negative.  

In the actiǾƛǘȅ ŀōƻǳǘ ŦŜŜŘōŀŎƪΣ ƛǘ Ƴǳǎǘ ōŜ ǇŀƛŘ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ǘŜǊƳ ΨƴŜƎŀǘƛǾŜΩ ŀƴŘ 
ΨǇƻǎƛǘƛǾŜΩΣ ƛƴ Ƴŀƴȅ ŎǳǊǊŜƴǘ ƭŀƴƎǳŀƎŜǎΣ ǊŜŎŀƭƭ ǘƘŜ ƳŜŀƴƛƴƎǎ ƻŦ ΨōŀŘΩ ŀƴŘ ΨƎƻƻŘΩ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
¢ŜŀŎƘŜǊǎ ƘŀǾŜ ǘƻ ǘŀƪŜ ŎŀǊŜ ƻŦ ǘƘŜ ŎƻǊǊŜŎǘ ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀōƻǳǘ ǘƘƛs. Moreover, it is 

http://ncase.me/polygons/


 

 

ƛƳǇƻǊǘŀƴǘ ǘƻ ŦƻŎǳǎ ǎǘǳŘŜƴǘǎΩ ŀǘǘŜƴǘƛƻƴ ƻƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƴŜƎŀǘƛǾŜ ŦŜŜŘōŀŎƪ ƭƻƻǇǎ ǇǊƻǾƛŘŜ ŀ 
dynamical equilibrium ƻŦ Ƴǳǘǳŀƭ ƛƴǘŜǊŀŎǘƛƴƎ ŜƭŜƳŜƴǘǎΥ ǘƘƛǎ Ŏŀƴ ŜƴǊƛŎƘ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƛŘŜŀ ƻŦ 
equilibrium, that is not only a static concept but can be the result of a complex dynamism. 

In the activity about self-organization, the main difficulty that students can encounter is about the 
ŎƻƴŎŜǇǘ ƻŦ ǎƛƳǳƭŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎ όƭƛƪŜ ǎƻŎƛŀƭ ǎȅǎǘŜƳǎ ŀǎ ƛƴ ǘƘŜ {ƘŜƭƭƛƴƎΩǎ ƳƻŘŜƭύΣ ǘƘŜ 
only way we have to study complex systems. Teachers have to support students in dealing with 
this important tool, highlighting the its modelling aspects.  

-        9ȄǇŜŎǘŜŘ ǊŜǎǳƭǘǎ όƧǳǎǘ ƛƴ ŎŀǎŜ ǿŜ ǿŀƴǘ ǘƻ ǇǊŜǎŜƴǘ ŜȄŀƳǇƭŜǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ƻǳǘǇǳǘǎύ 

{ǘǳŘŜƴǘǎΩ ƻǳǘǇǳǘǎ ǿƛǘƘ ǊŜƎŀrd of this set of activities are the discussions during the interactive 
lesson.  

A more concrete output can be required to students in the activity about feedback: indeed, the 
TED-lesson which follows the video is equipped with a set of questions (multiple choices and 
open-ŜƴŘŜŘύ ǘƘŀǘ ǎǘǳŘŜƴǘǎ Ŏŀƴ ŀƴǎǿŜǊΣ ǎƻ ǘƘŀǘ ǘŜŀŎƘŜǊǎ Ŏŀƴ ŎƻƴǘǊƻƭ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎΩ ŀŘǾŀƴŎŜƳŜƴǘǎ 
in the understanding of the topic. 

-  Annexes and/or suggested sources 

Slides and/or video about the lecture 

Links to the simulations 

 

 

  



 

 

Activity 2 (B) 

The second set of activities has two main goals: to develop i) hard-scientific skills about the science 
of complex systems, like recognizing and imaging feedback loops; ii) transversal skills, like reading, 
analysing a scientific text and building causal maps. The activity is made up of five different parts 
that consist of 5 specific tasks which are explained in the following. 

-       Needed materials 

Paper and pencils  

Worksheets (1 per each student) 

iPad (1 per group) for the data collection 

 

-       Description of the specific activity enriched also by practical suggestions for the teacher 
(e.g. how groups should be made, what types of questions, why you ask that and where 
you can find resources for the answers) 

The activity is supposed to be orchestrated by the teacher with the following pace: give a task, 
leave the students work in their group, discuss the task all together and then introduce a new 
open issue/question related to the new task. The students are free to form the group by 
themselves. 

-       How the activity runs 

The activity is framed within the issue introduced in the previous activity and aims to go in depth 
into the concepts of feedback and circular causality by analysing a scientific text focus on a specific 
case about biofuels. 

The activity is introduced by stressing that, according to the IPCC report (2014), there are many 
anthropogenic causes that play a crucial role in the domain of greenhouse gas emissions, among 
which food consumption (e.g. related to agriculture and livestock farming), energy consumption 
(e.g. related to electricity and heat production) and transports (see fig.2.4). 



 

 

 

Figure 2.4. Greenhouse Gas Emissions by Economic Sector (IPCC, 2014). 

The activity is situated in this framework and zooms in on the transport sectors and, more 
precisely, on the area concerning bio fuels and biodiesel. 

¢ƘŜ ŎƻǊŜ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ƛǎ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ǘŜȄǘ ƴŀƳŜŘ ǘƘŜ Ψ.ƛƻŘƛŜǎŜƭ {ǘƻǊȅΩ ό!ƴƴŜȄ ΚΚύΦ ¢ƘŜ ǘŜȄǘ ƛǎ 
organized in three parts: the first one is an introduction about transports in general, the second 
one is about the use of biodiesel and the third one is about the production of biodiesel.  

The text has been written by the researchers of the Italian group with a clear objective: to offer 
the students a text on which they can exercise to recognize and abstract the logical and causal 
structure of the phenomena described in it. 

Although the fact that the issue of biofuels is often treated in terms of pros and cons, advantages 
and disadvantages, the text is written to avoid mentioning these words, limiting the text to detail 
the cause-effect relationships, without making it too explicit (in the sense, that we avoid using 
ŜȄǇǊŜǎǎƛƻƴǎ ƭƛƪŜ ΨǘƘƛǎ ŎŀǳǎŜǎ ǘƘƛǎΩύΦ ¢ƘŜ ǘŜȄǘ ǇǊŜǎŜƴǘǎ ŀ ƭƻǘ ƻŦ ƴƻǘŜǎ ŦƻǊ ŀƴ ƛƴ-depth analysis about 
the chemical details and the technical terms that comes from climatology. These notes are 
intended to be to completion with respect to the text: it is readable and comprehensible also 
without reading them. A particular attention, along the whole text, is given to the references1. 

The activity consists of reading the Biodiesel Story and to build a map that summarizes the cause-
effect net that the text displays. Our proposal of map is reported in Figure 2.5 and in Annex ??.  

 
1 After we drafted the text, we asked two experts, Prof. R. Rizzi and Prof. Margerita Venturi, to check and validate the 
contents. Readability by secondary school students has been instead checked by secondary school teachers, Prof. 
Michela Clementi, Paola Fantini, and Fabio Filippi. 



 

 

 

 

Figure 2.5. Our proposal of map ŘǊŀǿƴ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ ǘŜȄǘ ƻŦ ǘƘŜ ά.ƛƻŘƛŜǎŜƭ {ǘƻǊȅέ όǎŜŜ !ƴƴŜȄ 
??? for an enlarged version). 

In it, two main areas are identified: one is related to the use of bio diesel, while the other is 
related to its production. The arrows indicate the different levels of causality.  

Lƴ ƻǊŘŜǊ ǘƻ ƎǳƛŘŜ ǘƘŜ ǎǘǳŘŜƴǘǎ ƛƴ ǘƘƛǎ ǿƻǊƪΣ ǘƘŜ ŦƛǊǎǘ ǘŀǎƪ ƛǎ ǘƻ ǊŜŀŘ ǘƘŜ ǇŀǊǘ ƻŦ ǘƘŜ ǘŜȄǘ ǘƛǘƭŜŘ ά¦ǎŜ 
ƻŦ .ƛƻŘƛŜǎŜƭέ ŀƴŘ ŘǊŀǿ ǘƘŜ ƳŀǇ ōȅ ƎƛǾƛƴƎ ŀ ǎǘŀǊǘƛƴƎ ƳŀǇ ǘƻ ŎƻƳǇƭŜǘŜ όCƛƎǳǊŜ нΦсύΦ 

 

Figure 2.6. Piece of map to be completed (see Annex ??? for an enlarged version). 

The construction of the map is not particularly difficult but requires some time to enter the logic 
of reading a text and to identify the causal nexuses in the structure. For this reason, it is important 
to give an initial piece of the map, just to show some examples of what it is meant by causal links. 

¢ƘŜ ǎŜŎƻƴŘ ǘŀǎƪ Ŏƻƴǎƛǎǘǎ ƻŦ ƎƛǾƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘǎ ǘƘŜ ŎƻƳǇƭŜǘŜ ƳŀǇ ōǳƛƭǘ ƻƴ ǘƘŜ ǘŜȄǘ ά¦ǎŜ ƻŦ 
ōƛƻŘƛŜǎŜƭέΣ ŀǎƪƛƴƎ ǘƘŜƳ ǘƻ ŎƻƳǇŀǊŜ ƛǘ ǿƛǘƘ ǘƘŜ ƳŀǇ ǘƘŜȅ ƘŀǾŜ ŘǊŀǿƴ ŀƴŘ ŘƛǎŎǳǎǎƛƴƎ on differences 
and similarities in the links. A final collective discussion after this task is required in order to share 
different thoughts, doubts, questions, interpretations and/or difficulties and arrive at a sharing 
view of the first part of the map. After that, the third task is introduced and consists of giving the 
ǿƘƻƭŜ ƳŀǇ ƻŦ ǘƘŜ ά.ƛƻŘƛŜǎŜƭ ǎǘƻǊȅέ ǘƻ ōŜ ƭƻƻƪŜŘ ŀǘΣ ōȅ ǳǎƛƴƎ ǘƘŜ lens of causal links (Selection of 
the problem, not a list and not chronological). 


