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STEAM education should not be seen as an 
end in itself or as a Holy Grail that will solve 
all educational problems inside your institu-
tion. Before implementing STEAM education 
in school, it is important to identify main 
problems, that needs solving immediately 
and then decide, whether implementing 
STEAM education will help you solve that. 
For that purpose, it may be useful to consider 
the following eight steps  as you reflect upon 
improving the inquiry and problem-solving 
skills of your STEAM implementation team.

The problem-solving approach to designing 
and implementing a strategy includes these 
eight steps:

0. Before starting

1. Self-check analysis

2. Identify and analyse the problem 

3. Develop a theory of action

4. Set your goal 

5. Plan for implementation

6. Monitoring of implementation

7. Assess progress

8. Adapt and modify for continuous  
improvement

1 These steps were outlined by Stacey Childress and Geoff Marietta in their resource “A Problem-Solving Ap-
proach to Designing and Implementing a Strategy to Improve Performance” and modified according to project 
“sySTEAM - systematic approach for implementation of STEAM education in schools” material.

Here you can find Plan template, which you 
will need to fill throughout whole process. 
We recommend printing template on A3 pa-
per and after you will fill it hang somewhere 
in visible place at school, so it could always 
be used in implementation process.

This document contains links to useful re-
sources, which should complement Plan tem-
plate. In some steps you will have hint, when 
that step result should be transferred into 
Plan template. If steps do not contain such 
hint, these means it is up to you whether you 
take and how any notes. We always suggest 
for you to take most important notes, thus is 
usually useful in process of implementation 
and evaluation.

This document is intended to be step-by-step 
guide for appointed team lead. Whether you 
should require all project team to read is up 
to you.

Abbreviations used within document:

TL – team lead;
PT – plan template.
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0. BEFORE STARTING

There are some questions to answer before 
planning STEAM implementation in your 
school, that would help to make this process 
smoother:

0.1. Who will be responsible for leading 
whole process (from planning to imple-
menting) of STEAM implementation in your 
school? Appoint the team lead (TL) who 
will lead planning process and monitor im-
plementation of the project. Write down 
the name in Plan template (PT), section 0A.

0.2. Who will be developing STEAM imple-
mentation in your school? Gather the pro-
ject team that will develop and implement 
STEAM project. Write down the names in 
PT, section 0B.

0.3. Before starting for inspiration you can 
read State of the Art of STEM Technologies 
with Applications in the Classroom.

1. SELF-CHECK ANALYSIS

To start with STEAM implementation, it is es-
sential to first analyse your school’s current 
situation and needs in relation to STEAM im-
plementation.

1.1. Read STEAM Readiness Level Frame-
work, which offers a base for this kind of 
analysis. This is not a tool for assessment 
but rather a helpful way to map your cur-
rent state and based on that plan the best 
strategy for a systematic STEAM implemen-
tation process.

1.2. Use self-check tool in order to better 
understand your current situation in rela-
tion to STEAM implementation.

1.3. Place dots and connect them in PT, sec-
tion 1.

2. IDENTIFY AND ANALYZE THE 
PROBLEM

To identify problem, it is important to answer 
these questions together with project team:

2.1. What is the problem we are trying to 
solve? Describe it in simple terms with no 
jargon (no more than a sentence or two). 
Be sure that it is linked to activities and 
outcomes related to the instructional core 
(students, teachers, educational content). 
Write down the problem in the PT, section 
2. 

2.2. What concrete evidence do we have 
to back up the short description we devel-
oped? Will this evidence enable us to com-
municate the nature and importance of the 
problem to staff and stakeholders? How 
will we test our assumptions with them and 
learn from their feedback?

2.3. What are three observable symptoms 
of the problem identified? What are the 
root causes of each symptom? For root 
cause analysis use Fishbone (Ishikawa) Di-
agram (also called 5 Why’s).

2.4. Is it possible to prioritise the root caus-
es that emerge from our analysis? Often it 
is not possible to do everything at once, and 
your team should develop a common point 
of view about where to start. One way to 
make your team to prioritise is by asking, 
“If we only had time or money to tackle one 
or two root causes, which ones do we be-
lieve would have the most impact?”

2.5. What are the consequences of not 
solving the problem? Be specific. How will 
a failure to act affect students over the 
long-term? How will it impact district-wide 
performance in the medium term?
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3. DEVELOP A THEORY OF  
ACTION

Questions that will help you to develop a the-
ory of action:

3.1. What specific actions do we think will 
reduce or eliminate the effects of one or 
more of the root causes we identified in 
the previous step? Answer this question for 
as many root causes as you can.

3.2. Why do we think these actions will 
lead to the results we desire? In other 
words, what assumptions are we making 
about how kids learn? How adults learn? 
How our team operates? About our context 
or environment? About our students and 
their families? Another way to think about 
this step is, “What do we have to believe 
for our theory to have merit?”

3.3. From the above analysis, construct a 
series of “if…then…” statements that com-
municate the theory of action (e.g. if we 

Picture 1. Fishbone 
(Ishikawa) Diagram 
Example

integrate different subjects not only our 
students will get a grasp of the difficult 
concepts easier, our staff members will 
also learn to collaborate better) and write 
down it in PT, section 3.

4. SET YOUR GOAL

Questions that will help you to set the goal:

4.1. What do I want to accomplish? How 
will I know when it is accomplished? For-
mulate the goal that would be specific 
(well-defined and clear to everyone in-
volved), realistic (within the availability of 
resources and knowledge) and time bound 
(with concrete dealine). You can use SMART 
principles to formulate goal as well. Write 
your goal in PT, section 4.

4.2. What are the indicators, that would al-
low to measure the progress of achieving 
the goal? State indicators in PT, section 4. 



8

5. PLAN FOR IMPLEMENTATION

In this step, project team should decide on 
concrete actions which needs to be taken and 
identify the resources needed to successfully 
execute the project. These might include fi-
nancial resources, people, and/or technology.

5.1. What steps will we take to implement 
our project? Who will do what by when? 
Write everything in PT, section 5.

5.2. If your plan involves adopting new 
technologies, we suggest for you to read 
Guidelines for Adopting Technologies in 
School. Is there anything you could benefit 
from? Write down those ideas in PT, sec-
tion 5a. If it is not relevant in your project 
– leave it blank.

5.3. If your plan involves integration of dif-
ferent subjects, we suggest for you to read 
Guidelines for Integrating Different Sub-
jects. Is there anything you could benefit 
from? Write down those ideas in PT, sec-
tion 5b. If it is not relevant in your project 
– leave it blank.

5.4. Additionally, we suggest for you to 
consider what possible cooperation could 
bring added value for your project. Read 
School-Business-NGOs Cooperation Guide-
lines. Is there anything you could benefit 
from? Write down those ideas in PT, sec-
tion 5c. If it is not relevant in your project 
– leave it blank.

5.5. You should not underestimate impor-
tance of investing in your people who will 
be participating in implementation of pro-
ject. Is new training needed to ensure that 
the people asked to implement pieces of 
the strategy have the skills they need to do 
their best work? Write down answer and 
actions in PT, section 5d.

Additional questions for increasing likelihood 
of successful implementation:

5.6. What material resources are required 
to implement project? (curricular materi-
als, technology, physical space, etc.) 

5.7. How much will the implementation 
cost? How will we pay for it? Will there be 
savings in other areas related to the new 
strategy? 

5.8. What are the implications for pu-
pils, teachers, parents and management 
if change occurs? This question helps un-
cover groups who might feel threatened by 
the changes you propose. 

5.9. How will we build support for the pro-
ject, especially among stakeholder groups 
who think that they may lose as a result of 
the change?

5.10. What roadblocks (both internal and 
external) are we likely to encounter? What 
can we do to prevent or quickly address 
them? Who will be accountable for manag-
ing the response to roadblocks? 

5.11. What are some specific benchmarks 
we will measure throughout the process to 
assess whether the implementation is on 
track?

5.12. Are there systems in place to collect 
the data needed for the indicators? If not, 
how will we collect data? Who will be re-
sponsible for analyzing the data that is 
gathered? 
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6. MONITORING OF IMPLEMEN-
TATION

During this step, roadblocks will surely arise, 
and the owner(s) of the implementation phase 
must address them immediately. Usually these 
barriers can be overcome, but occasionally a 
bump in the road is an opportunity to learn 
important information that will help improve 
the action plan. Feedback loops that enable 
the organization to learn and continuously 
improve are critical to successful implementa-
tion over time. 

6.1. Decide how often PT will review the 
plan? Team should agree on the frequency 
for revising the plan (recommended unit – 
weeks) and write down the number in PT, 
section 6.

Guiding questions for the monitoring of im-
plementation and plan review (this is not ex-
haustive list of questions and there is no need 
to answer them all in each meeting. This list 
serves as inspiration and TL should use it in 
most appropriated fashion):

• Do people understand how their day-to-day 
actions are related to the achieving the goal? 
Is the goal meaningful to them?

• Are we providing the supports people need 
to enable them to successfully perform the 
work required of them during the implemen-
tation phase? 

• Are people actually implementing the ac-
tions as it was designed? If not, why not? Are 
there consequences for failing to implement 
the actions? 

• What is the process for making sure that all 
participants provide regular feedback that 
will allow us to continuously improve perfor-
mance?

• Is the data we are gathering the best data for 
assessing our progress? Are we asking the rel-

evant stakeholders to give us input about the 
implementation? 

• Are we achieving all of the milestones we set 
during the implementation planning step? Are 
we on track in terms of timelines? Budget pro-
jections? Staff allocations? 

• If we are missing milestones, why is that hap-
pening? Was the initial schedule unrealistical-
ly ambitious? Did we underestimate the time 
certain activities would take to accomplish? 
Did our forecasts fail to account for important 
factors? Have barriers come up that were un-
expected? Should we adjust our expectations 
or accelerate our efforts in order to meet our 
original targets? 

• Are individuals and/or teams engaging pro-
ductively in the activities that the action plan 
requires? If not, why? Is it a problem of skill, 
which would call for us to provide more train-
ing and development? Or, is it a problem of 
will? Are some people opting out of the whole 
approach, believing that “this too shall pass”? 
If so, what steps will we take to help people 
change their behavior? If this is ineffective, 
what will we do? 

7. ASSESS PROGRESS

7.1. Have you achieved the goal? Evaluate 
the indicators, have they reached expected 
value? What had biggest impact for (not) 
reaching them?

7.2. Has your problem been resolved af-
ter reaching the goal? Have you diagnosed 
the right root causes of the problem? What 
have changed after implementation of 
the project in school, class, among pupils, 
teachers, etc.? Write down in PT, section 7.

7.3. If not, what can we learn from our 
feedback loops that might help us revise 
the goal and action plan to make it more 
effective? Are there alternative activities 
that might be more efficient? 
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7.4. What have you learned during imple-
mentation of your action plan? How you 
can make this process more effective? 
Use Implementation reflection (printable 
/ computer) template to reflect the whole 
process.

8. ADAPT AND MODIFY FOR  
CONTINUOUS IMPROVEMENT

8.1. Chose the status (see details below) 
and mark it in PT, section 8.

A. If we are making progress in solving the 
initial problem, but the goal has not been 
achieved yet: REPLAN. What adjustments do 
we need to make to our approach now that 
one or more of the root causes might be di-
minishing in importance? Start re-planning 
your strategy from step 0.

B. If the goal was achieved: CONTINUE. Use 
assessment and reflection information to plan 
how to sustain achieved effect. 

C. Our actions had no impact on problem or 
problem is no more relevant: TERMINATE.



Annex 1. Fishbone 
(Ishikawa) Diagram
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INTRODUCTION

The main goal of the sySTEAM Project is to in-
crease the educational use of STEAM (science, 
technology, engineering, art and mathemat-
ics), ensuring quality and the smooth imple-
mentation of inquiry-based, project-based, 
problem-based and transdisciplinary learning. 
This report, on the state of the art of existing 
and emerging technologies for classroom use, 
is the first step to achieving that goal.

The technologies featured in the present re-
port span a sufficiently wide range of possi-
bilities so that each school can identify the 
applications that best suit their needs. Tech-
nologies have been classified according to 
their degrees of maturity and development 
worldwide as either ‘consolidated’ or ‘emerg-
ing’, but all have been selected based on their 
capacity to mobilise transversal STEM pro-
jects. 

For each technology, diverse aspects have 
been analysed: working principle, historical 
background, practical applications, educa-
tional connection and real-world examples. 
Our aim is to provide science teachers with a 
general outline on how to prepare pupils to be 
more creative, problem-solving and critical in 
the future.

This report will be followed by another pre-
senting a set of guidelines to implement such 
technologies in the classroom.
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CONSOLIDATED TECHNOLOGIES

PROGRAMMING

With the participation of Jordi Losantos (Computer En-
gineer, Technical University of Catalonia (UPC); MBA, 
ESADE Business School; and secondary school teacher) 
and Joan Alemany (Graduate in Mathematics, UPC; co-
founder, eSeeCode; and high school teacher).

PROGRAMMING SKILLS HAVE  
AN IMPACT ON SEVERAL KEY 
AREAS OF CITIZENSHIP  
DEVELOPMENT, SUCH AS  
ETHICS AND CRITICAL THINKING, 
PROBLEM-SOLVING ORIENTA-
TION, BRIDGING THE DIGITAL  
DIVIDE AND IMPROVING LABOUR 
MARKET PROSPECTS.

UNDERLYING PRINCIPLE

In computer science, programming refers to 
the action of translating a series of previously 
designed instructions (algorithms) into com-
puter language in order to process a dataset 
for a specific purpose.

Any programming strategy requires prior 
modelling of the problem to be resolved from 
a perspective of applied informatics. This re-
quires an in-depth analysis of the problem 
and a top-down design process that separates 
possible resolutions through automation.

Programming a computer application is based 
on logic, knowledge of sequential processes 
and the correct use of programming language 
syntax. Therefore, it is possible to write a pro-
gramme without in-depth familiarity of the 
hardware used.

HISTORICAL BACKGROUND

Programming was first developed in the 20th 
century in Europe and especially in the Unit-
ed States, with applications in the large elec-
tronic calculation machines of World War II 
(such as the large computer ENIAC). By the 
end of 20th century, microelectronics and the 
first high-level programming languages had 
emerged.

BASIC, Fortran and Pascal provide a reasona-
ble interface, between a pseudo-human lan-
guage and machine code. Today, the most 
commonly used programming languages – 
C++, JavaScript, Phython and PHP – include 
many functionalities that make it easy to write 
comprehensive computer programmes with 
few lines of code.

The latest trend in programming languages 
design is the minimisation of rigid syntax in 
the code, with very visual proposals general-
ly based on interactive blocks that place more 
emphasis on the logical structure of the pro-
gramme than on correct syntax. Scratch, Swift 
Playgrounds and GPblocks are good examples 
of this. Although they are widely use as teach-
ing models, they are truly high-level languag-
es that can be used to programme high-per-
formance applications.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

Programming skills go far beyond the knowl-
edge of some languages. Experts agree the 
most important idea is just the inherent adop-
tion of computational logic, knowledge of 
technology and problem-solving analysis.

In a world where people are increasingly (and 
more intimately) interacting with all types 
of technological elements, from machines to 
software, programming knowledge provides 
the tools to effectively understand and use 
mobile devices, professional computing ap-
plications, social media, and even smart appli-
ances, among other applications.



15

This last point is very important, as the current 
trend is to connect all types of devices, shap-
ing a phenomenon known as the Internet of 
Things (IoT), which will pose great challenges 
for privacy and processing of personal data. 
Accordingly, it will also allow the develop-
ment of technologies based on the analysis of 
large datasets, or Big Data, probably by means 
of artificial intelligence.

Thus, programming skills have an impact on 
several key areas of citizenship development, 
such as ethics and critical thinking, prob-
lem-solving orientation, bridging the digital 
divide and improving labour market prospects.

EDUCATIONAL CONNECTION

In the educational field, the need to teach the 
basics of computer programming to young 
people is as old as programming itself. One 
of the first systems adopted by schools was 
the Logo educational tool (designed in 1967), 
which has maintained its iconic turtle through 
various updates. However, some experts ad-
mit that under-investment in school comput-
ers due to the recession in the 1990s in Eu-
rope has kept programming skills from being 
integrated into the basic academic curriculum. 
It was not until the turn of the century, which 
coincided with a period of economic growth in 
Europe in 2004-2008, did computer program-
ming return with force to the early stages of 
education. Lower hardware costs and good 
graphic performance have popularised Scratch 
(developed in 2015 and partially inspired by 
Logo) as the standard visual programming lan-
guage. This programming system, based on 
manipulating interactive blocks rather than 
writing lines of code, avoids the frustration of 
having to write in syntax-dominated language 
and allows students to monitor the results of 
their programmes in any situation. In this par-
adigm, other languages (Swift, GPblocks, eS-
eeCode or Tynker) have emerged to improve 
some features that have not yet been com-
pletely perfected in Scratch.

At present, programming is included in the 
academic curriculum as a part of computer 
skills and new technologies at all stages of 

education in most EU Member States, and it is 
considered a key skill in the training of the fu-
ture citizens. In particular, programming at the 
primary and secondary school level employs 
a series of cross-disciplinary skills in the ed-
ucational development of children and young 
people, such as:

• critical and logical thinking;
• problem solving;
• implementation of strategies;
• analysis and evaluation of algorithms;
• abstract thinking;
• creative approach to reality; and
• teamwork (in large projects).

PRACTICAL EXAMPLES

Experts agree that there is no single way to 
learn programming skills, and students devel-
op them as the tools and task require. There-
fore, creation-based approaches are funda-
mental. The concept would be ‘programming 
to learn’ rather than ‘learning to programme’.

CREATION OF SIMPLE GAMES

Programming games, from simple ones like 
Domino or Solitaire to more complex ones 
like platform games, presents students with 
multiple challenges to address by applying 
programming strategies based on problem 
analysis. These small games allow students 
not only to develop the programming part, 
but also artistic aspects (graphic design) and 
literary features (writing instructions for the 
player).

MAINTENANCE OF A WEBSITE

Many teachers in the STEM areas encourage 
students to maintain a joint class website, in-
cluding a variety of information about the ac-
ademic course. This can use various languages 
associated with the web, such as HTML, CSS, 
PHP or JavaScript, to integrate them into the 
site and provide it with a customised look. 
Of course, these activities also tackle aspects 
such as design, content writing and communi-
cation.
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ROBOTICS

With the participation of Jordi Losantos (Computer 
Engineer, UPC; MBA, ESADE Business School; and sec-
ondary school teacher) and Joan Alemany (Graduate 
in Mathematics, UPC; cofounder, eSeeCode; and high 
school teacher) and Frank Sabaté (specialised STEM 
teacher).

ROBOTICS APPLICATIONS IN 
THE CLASSROOM ALLOW US 
TO WORK ON ASPECTS THAT 
CAN HARDLY BE ADDRESSED 
ONLY BY PURELY THEORETICAL 
SCHEMES.

UNDERLYING PRINCIPLE

Robotics is a transversal discipline that deals 
with the study, design, construction and appli-
cation of robots. The terms robot and robot-
ics have the same conceptual origin, although 
their adoption has a peculiar history.

Due to its multidisciplinary nature, robotics 
draws on many principles. On the one hand, it 
is based on programming, in the sense of cod-
ing the processes and actions for a robot. All 
information detected via sensor is processed 
from a computational point of view. On the 
other hand, since the robot is a physical de-
vice, its construction is focused on the basic 

principles of engineering, electronics and me-
chanics.

HISTORICAL BACKGROUND

Currently there is no unified definition of what 
a robot is. However, experts agree that a robot 
would be any engineering device, program-
mable by a computer, capable of collecting 
information from its environment via sensors 
and responding to it thanks to a set of auto-
mated actuators. It is, therefore, necessary to 
distinguish an authentic robot from automat-
ed software (popularly called bots) that would 
not be considered as robots even though it 
can be very sophisticated.

From a historical perspective, we can look back 
to legends from classical Greece or ancient 
China about the animated mechanical models 
of various animals, the golems from the Jew-
ish tradition and even automatons: recreation-
al pieces that were very popular in Europe in 
the 19th century. But these constructions lack 
an adaptive response to their environment.

The term robot as associated with artificial 
creatures first appeared in 1920, in the play 
R.U.R. (an abbreviation of Rossumovi Univer-
zální Roboti) by Czech author Karel Čapek. In 
this play, the roboti (deriving from the Slavon-
ic word robota: forced labour) are humans’ 
artificial servants, who end up rebelling and 
extinguishing humanity. Although in Čapek’s 
play those servants are not mechanical beings 
(today we would call them androids or clones), 
this moment marked the turning point when 
‘robot’ was finally adopted as a modern ver-
sion of the classic automaton.

Two decades later, the American novelist 
and professor of biochemistry, Isaac Asimov, 
coined the term robotics, first mentioning the 
neologism in the short story entitled ‘Liar!’ 
(published in the Astounding Science Fiction 
magazine in 1941), and using it widely in all 
his later literature, dedicated to exploring the 
limits of artificial intelligence and its impact 
on future human society.



17

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

The EU report on robotics argues that devel-
oping robotics would have a positive impact 
in several areas:

• Health, with the development of as-
sistive surgical devices and aid devices for 
elderly and/or functionally diverse people.
• Agriculture and bioeconomy, in auto-
mated sowing, harvesting and crop moni-
toring. 
• Energy savings, developing more ef-
ficient and less polluting production sys-
tems.
• Transport and retail management, de-
veloping self-driving vehicles and auto-
mated warehouses.
• Security, in assisting and protecting cit-
izens in risky situations such as rescues or 
assistance in extreme conditions.

EDUCATIONAL CONNECTION

In the educational field, turtle robots associat-
ed with the Logo programming language were 
first developed in the 1980s. Towards the end 
of the 1990s, the Lego company presented 
the Cybermaster robots, developed for use in 
schools, which were upgraded to Mindstorms 
NXT in 2006 and Mindstorms EV3 in 2013. As 
the need for electronic components has de-
creased, multiple options using all types of 
sensors with Arduino or Raspberry Pi technol-
ogy have become available.

From an educational point of view, classroom 
robotics applications allow educators to work 
on aspects that can hardly be addressed by 
purely theoretical schemes. In this sense, 
translating formal concepts into reality is a 
major challenge for students because the ro-
bot’s interactions with the real world force the 
programmer to deal with inaccurate data, var-
iable stimuli and imperfect elements. That is 
why it is necessary to learn to design strong 
solutions for real problems in multidiscipli-
nary projects.

Other positive aspects of using robotics in the 
classroom are more transversal, such as stu-

dents’ motivation, because they can perceive 
the practical and experimental approach as a 
game. Sometimes, students’ interaction with 
the robot can be used to reinforce social as-
pects and skills. Robotics in the classroom 
help to bring technology closer to students, 
especially at a time when they are developing 
their strengths for the future.

PRACTICAL EXAMPLES

ROBOT THEATRE

Robots ready to simulate human expressions, 
like Aisoy (https://www.aisoy.es/), allow stu-
dents to organise small plays with robotic ac-
tors. These would be designed to work with 
multiple skills such as the robot’s program-
ming, plastic expressions (clothing and props), 
performing arts, literature and human rela-
tionships.

PRECISION GAMES

Precision games have to do with programming 
a robot to cover a certain distance and be as 
close as possible to a mark or a wall. Students 
must give orders to the engine systems and 
optical or proximity sensors to decide when to 
stop the robot. This exercise shows students 
that reality poses more complex challenges 
than a theoretical treatment can solve, such 
as the uncertainty margin of sensors or loss of 
traction of the impeller device.

REFERENCES
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VIRTUAL AND REMOTE LABS

With the participation of Sílvia Zurita (PhD in Chemistry, 
University of Barcelona; teacher, Polytechnic University 
of Catalonia; secondary school teacher).

IN THESE SIMULATED SPAC-
ES, STUDENTS CAN OPERATE 
SOPHISTICATED AND/OR DAN-
GEROUS TOOLS IN SAFE CONDI-
TIONS, FACING THE CHALLENGES 
OF LAB EXPERIMENTATION IN A 
CONTROLLED ENVIRONMENT.

UNDERLYING PRINCIPLE

The scientific paradigm is largely based on the 
principle of empirical knowledge, so science 
education must include experimental ele-
ments. Many of these practical activities can 
be done in daily spheres, such as classroom 
demonstrations or field trips, but all educa-
tional establishments should have a properly 
equipped lab, dedicated exclusively to exper-
imental sciences.

Equipping a lab is no easy task: scientific in-
struments are often expensive and fragile, and 
they may be toxic or dangerous if mishandled. 
Thus, well-trained teachers, flexible class ar-
rangements that enable working with small 
teams, and adequate funding are needed for 
setting up and running school science labs. 
Even with these conditions in place, many con-
cepts cannot be tested due to obvious limita-
tions, such as the study of nuclear reactions, 
explosive combustions or molecular genetics. 
But lab competence is a growing demand in 
the EU labour market, which is increasingly fo-
cused on research and innovation.

Fortunately, technological developments have 
enabled the creation of interactive and often 
sophisticated simulations, as an authentic vir-

tual lab. In these simulated spaces, students 
can operate sophisticated and/or dangerous 
tools in safe conditions, facing the challenges 
of lab experimentation in a controlled envi-
ronment.

In addition to virtual lab realities, there are 
also remote labs: physical premises that can 
be remotely operated to obtain real experi-
mental data. Remote labs have the advantage 
of showing all the imperfections of real life, 
something difficult to programme on a simula-
tion, but there are very few and their activities 
are quite limited.

In order for a virtual or remote lab to be effec-
tive in an educational context, they must ap-
peal to students. That is why the current trend 
is to use elements of virtual and augmented 
reality as well as gamification. The aim is to 
transform a static activity in front of a screen 
into an immersive experience that pursues a 
stimulating objective.

HISTORICAL BACKGROUND

Virtual Labs
It is not easy to trace the history of simulation 
as an educational tool. However, we do know 
the first simulations were made using physi-
cal elements, for instance the dolls used in the 
1960s in medical schools for lung resuscita-
tion practices.

The popularisation of computers in the 1980s, 
together with the appearance of high-lev-
el programming languages, allowed the first 
simulations of virtual reality, especially for 
the flight simulators widely used in the flying 
schools. Those simulations reached the gen-
eral public through games such as Microsoft’s 
pioneering Flight Simulator (1982). In 1989, 
Maxis launched the first edition of Sim City, an 
urban simulator, followed by Sim Earth (1990), 
a planetary simulator with a rudimentary sys-
tem of climate and ecological control. Uni-
versities also developed virtual applications 
to complement their studies, usually free of 
charge, but their specificity, high level and the 
impossibility of mass distribution limited their 
application elsewhere.
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The year 2004 marked the advent of the so-
called Internet 2.0, characterised by greater 
social interaction and the popularisation of 
broadband. Internet became much more ac-
cessible, and applications developed in uni-
versity environments could be more easily dis-
seminated online. Many of those applications 
transcend the university environment and 
have an impact on simple concepts covered in 
primary and secondary school. Given the con-
tinuous updating of these virtual spaces, it is 
difficult to establish timing. Thus, a (non-com-
prehensive) review of the current accessible 
virtual labs will be carried out in the following 
sections.

REMOTE LABS

As in the case of virtual labs, the history of re-
mote labs is also opaque. The fact that many 
of these initiatives are limited to the univer-
sity sphere make them difficult to find and, in 
many cases, difficult for novices to operate.

Research into remote labs did not uncover 
platforms dedicated to their dissemination or 
broad repositories.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

Virtual labs are designed as an educational 
complement, so everyday applications in peo-
ple’s lives derive from their contact with such 
applications at school and/or university. Thus, 
the direct benefits of this technology would be 
the same as those of the physical lab, namely:

• Implementing research methodolo-
gies in daily life. A paradigmatic case is the 
emergence of a new cuisine, greatly influ-
enced by laboratory-based techniques.

• Enabling outreach activities. While 
many such activities are designed for for-
mal education, they open the door to sci-
ence teachers using them in all kind of ac-
tivities, such as conferences or workshops.

• Encouraging critical thinking. The op-
portunity to undertake realistic activities 
in a research environment, even if it is a 
simulated environment, allows us to un-

derstand the complexity of scientific meth-
odology and to combat the proliferation of 
simplistic, pseudo-scientific ideas.

EDUCATIONAL CONNECTION

In the classroom, virtual labs provide a great 
opportunity to work on various aspects of 
the academic curriculum as well as cross-cut-
ting skills. In many cases, the resources used 
in these systems allow people to mentally 
visualise processes that would be difficult to 
transmit otherwise. However, consulted ex-
perts stressed the need for highly specialised 
and trained teachers to give these tools real 
educational meaning.

In the curriculum section, we have already 
mentioned that virtual labs enable experi-
ments that cannot be carried out in a school 
lab due to hazard or cost (nuclear exploration 
or genomic techniques, for example).

But we can also find some very remarkable el-
ements in the cross-cutting skills area:

• Students’ motivation. Gamification and 
3D immersion strategies used in modern 
virtual labs enhance the attention and re-
tention of students who may be less recep-
tive to traditional scientific practice. This 
trend is increasing because of the devel-
opment of new systems of sensory inter-
action with virtual reality, such as touch or 
smell.

• Socialisation and interaction. Groups of 
students should soon be able to interact in 
the context of virtual labs, assuming differ-
ent roles and working together to carry out 
research.

• Familiarisation of digital environments. 
Performing an activity in a virtual environ-
ment can attract students to these technol-
ogies and inspire future developments in 
the field of virtual or augmented reality.

In any case, and without underestimating the 
utility that these tools can have in an edu-
cational centre, it is important to stress that 
these tools complement school labs, which 
cannot be abandoned.
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PRACTICAL EXAMPLES

VIRTUAL LABS

There are a number of virtual labs online. Many 
are simple, open-access simulations or inter-
active animations on a specific topic. Others 
are genuine labs, designed with virtual reali-
ty technology, which replicate fully equipped 
professional facilities. In line with the criteri-
on of Lynch & Ghergulescu (2017), here are a 
few examples:

2D labs based on web technology (HTML5 or 
JavaScript):

• Go-Lab Project (https://www.golabz.
eu/), now known as NextLab, is a web por-
tal funded by the EU under the scope of the 
Horizon 2020 programme, dedicated to in-
quiry based science education (IBSE). Their 
school labs feature numerous interactive 
activities focused on different aspects of 
science, as well as a tool for teachers to 
design and share their own virtual labs, 
adapted to their context.

• ChemCollective (http://chemcollec-
tive.org/home) is a repository of virtual 
labs in the field of chemistry, which are 
programmed in HTML5 and can be used in 
nearly all current browsers.

• NMSU Virtual Labs (http://virtuallabs.
nmsu.edu/) is a web portal of the New Mex-
ico State University. Users can work several 
aspects of food science and technology on 
their virtual labs.

3D virtual labs based on virtual reality sys-
tems:

• 3D Labs UPM (https://3dlabs.upm.es/) 
is a project of the Technical University of 
Madrid that has several virtual labs. Experi-
ments are focused on engineering, physics 
and chemistry. Activities are performed in 
3D virtual reality environments and de-
signed using open-source software called 
OpenSim.

• Virtual Engineering Sciences Learning 
Lab is a virtual space created in the Sec-
ondLife platform, where users can perform 
activities in an environment designed as 

a science museum. Users’ interaction pro-
vide an extra layer of social skills, which is 
less visible in other virtual labs.

• Labster (https://www.labster.com/) of-
fers a fully equipped 3D virtual lab for all 
kinds of experiments in molecular biology 
and chemistry. As it is a private initiative, 
its services are subject to user charges.

REMOTE LABS

Faulkes Telescopes (http://www.faulkes-tel-
escope.com/) is a network of robotic tele-
scopes, used by students and teachers for 
free. Anyone can book a time to operate one 
of the many telescopes throughout the world 
to obtain real astronomical images and use 
them in the classroom. The fact that there are 
telescopes in many locations allows teachers 
and students to observe the night sky during 
class time.

VISIR (http://ohm.ieec.uned.es/portal/?page_
id=76) is an automated breadboard where 
electronics student can remotely test the re-
sult of a real wiring.
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EDUCATIONAL VIDEO GAMES

With the kind participation of Víctor López (physicist, 
PhD in science teaching; researcher, CRECIM- Univer-
sitat Autònoma de Barcelona (UAB); associate lecturer, 
UAB) and Cristina Simarro (researcher, CRECIM; indus-
trial engineer; associate lecturer, UAB).

GAMES MAY ACTIVATE IMPOR-
TANT SOCIAL MECHANISMS, 
SUCH AS PROBLEM SOLVING, 
EMPATHY AND TEAMWORK...

UNDERLYING PRINCIPLE

A major trend in education nowadays is gami-
fication, or the use of game strategies such as 
earning badges, points or other rewards after 
completing particular tasks in the classroom, 
as a means to motivate and engage with stu-
dents in their learning process.

Game-based learning (GBL) is another, slightly 
different concept, wherein board games, card 
games, video games or other game formats are 
used to actually learn and practice the subject 
material, not just to motivate students.

Both strategies can improve classroom dy-
namics and be implemented both on- and of-
fline in different ways. However, this report fo-
cuses on the technological side of gaming and 
reviews only educational video games.

The main principle behind gamification and 
GBL is based on the stimulation of a dopamine 
rush. Dopamine is the neurotransmitter used 
by the brain for motivational purposes (in a 
very simplified way). Every action with a sense 
of purpose, especially those with an expected 
positive reward, are driven by dopamine and 
result in the activation of the pleasure centres 
of the brain once the action is accomplished. 

Thus, as long as the challenges and the re-
wards offered are meaningful to students, 

gamification and GBL can improve their con-
centration and increase the time spent on the 
subject. And this is a key point in the success 
of any of these strategies, since the game by 
itself cannot force children to learn. A well-
planned, teacher-driven educational process 
behind gamification and GBL is paramount.

HISTORICAL BACKGROUND

Although some argue that Pac-Man was the 
first educational video game, its intention was 
purely entertainment. However, Pac-Man ap-
plied many characteristics of an educational 
game, such as simple rules, obvious rewards, a 
sense of excitement and puzzle solving.

Many regards the first educational video game 
to be the Logo programming environment 
(1967). While it may not have been intended 
as a game, the act of moving the tiny turtle 
around by coding instructions on the console 
was indeed entertaining. And many schools 
used it (and still do) to teach the fundamen-
tals of computer thinking and mathematical 
concepts in a fun way.

With the popularisation of home comput-
ers came the emergence of the video games 
industry, and the educational area was just 
another market to be exploited. ‘Lemonade 
Stand’ (economics), ‘Oregon Trail’ (History), 
‘Reader Rabbit’ (Language) and ‘Where in the 
world is Carmen San Diego?’ (Geography) were 
some of the first video games created for edu-
cational purposes in the 1980s. Some became 
very popular, especially in the United States.

As computer performance increased in the 
1990s, video games became more interactive 
and complex. Many games simulated realistic 
environments, like Sim City, Sim Earth, Civi-
lization and several kind of flight simulators, 
exploiting the basics of virtual reality. How-
ever, in time, a number of these evolved into 
arcade games, and their original educational 
aims were lost.

In the late 1990s and the 2000s, home con-
soles overtook personal computers as the 
device of choice for most video games. Play-
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Station, Xbox and Wii released educational 
games like Brain Academy or MineCraft as a 
means to attract a family audience, not just 
the usual teenage gamers.

Since 2007, with the introduction of the iP-
hone and the popularisation of mobile de-
vices, most educational games have been 
transformed into Apps. Today, thousands of 
educational games can be found on iTunes 
and Google Play, and many are used daily at 
schools all over the world.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

A game can be described as an artificial con-
flict between players that must be solved 
by using a set of predefined tools and rules, 
agreed on by everyone. Thus, depending on 
the game, important social mechanisms can 
be activated, including problem solving, em-
pathy and teamwork.

In 1786, Benjamin Franklin published an es-
say entitled ‘The morals of chess’, comparing 
chess game with real life. In the text, he out-
lined how a chess player learned important 
social values, such as perseverance, foresight 
and caution, through the game playing.

What Franklin stated for chess is true for video 
games as well. In 2013, a team of Dutch re-
searchers published a review of research on 
the benefits of playing video games, report-
ing evidence to support the idea that modern 
video games develop a set of important skills, 
from spatial recognition to social interaction. 

On the other hand, playing video games at 
school might put people in contact with com-
puters from an unexpected perspective. Kids 
who are not especially attracted to technolo-
gy might develop computer skills and become 
familiar with virtual or augmented reality, 
whereas they wouldn’t otherwise.

EDUCATIONAL CONNECTION

Most of the educational connections described 
for virtual labs also apply to video games.
In the field of STEM-based video games, how-

ever, experts agree on the importance of en-
gaging students in activities showcasing sci-
entific practice. In this regard, gamified virtual 
labs, embedded into a virtual reality environ-
ment, would be the best approach from the 
educational perspective. 

Quiz games have become quite popular in re-
cent years, especially since the introduction of 
mobile platforms. Many are tagged as ‘educa-
tional apps’ in Google Play or App Store, but 
they lack a relevant educational impact since 
their focus is content that the player already 
knows, with no opportunity to practice new 
skills.

This notion is consistent with the idea of ‘learn-
ing by doing’, and one must keep in mind that 
indeed, video games can help people practice 
and acquire some basic concepts, but interac-
tion with a teacher is still necessary to fully 
understand the details of the subject material.

Thus, provided there is a teacher with a 
well-defined plan, gamification and GBL can 
help with the motivational side of learning in 
the classroom and can be used as a means to 
practice and consolidate some lessons. 

PRACTICAL EXAMPLES

LEARN SCIENCE

Platform Nintendo DS. In this game for hand-
held Nintendo devices, the gamer can play 
minigames based on diverse aspects of sci-
ence. The progress is mainly practical, with 
demonstrations and puzzles to be solved, and 
the player can obtain rewards. There is a so-
cial side too, since players can challenge their 
friends online for better scores.

FOOD FIGHT

Any platform https://www.brainpop.com/
games/foodfight/. Food Fight is a simulation 
of an ecological web chain for two players. 
Each gamer takes the role of a species and 
tries to increase its population, while jeopard-
izing their opponent’s success. 
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SPORE 

PC, Mac and Nintendo platforms. Design a 
creature and develop it through different evo-
lutionary stages, from cell phase to full civili-
sation and space exploration. Each stage lets 
players explore and modify the fundamentals 
of the universe at their will.

MANGA HIGH 

Any platform: https://www.mangahigh.com/
en/. Somewhere in between gamification and 
game-based learning, this programme offers 
teachers several minigames in the field of 
mathematics and geometry, with the possi-
bility to assign and schedule tasks to the stu-
dents.

BLOOD TYPING GAME 

Any platform: https://www.nobelprize.org/ed-
ucational/medicine/bloodtypinggame/. Sim-
ple web-based game to practice the basis of 
blood types and blood compatibility between 
people. There is some resemblance with clini-
cal practice, with needles and tests and trans-
fusions into patients. The player must possess 
some previous knowledge on blood types.
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LOW-COST EXPERIMENTATION

...THE IDEA THAT ANYONE, AN-
YWHERE, CAN PERFORM THE 
EXPERIMENT ENCOURAGES 
STUDENTS TO TRY IT AT HOME 
WITH THEIR FAMILIES. THE 
THRILL OF EXPERIMENTATION 
MAY AWAKEN NEW VOCATIONS 
FOR SCIENCE.

UNDERLYING PRINCIPLE

The basic grounds for low-cost experimenta-
tion is to make science popular. The idea that 
science is an activity, rather than a set of facts 
or concepts, implies that anyone, anywhere, 
should be allowed to experiment with the 
rules of nature. 

The downside of this challenging idea is that 
expensive lab materials are sometimes need-
ed to see an effect. Thus, low-cost experimen-
tation refers to any procedure by which any-
one can test fundamental aspects of science 
at virtually no cost by using common materi-
als.

HISTORICAL BACKGROUND

Low-cost experimentation might be consid-
ered an evolution of the do-it-yourself (DIY) 
movement that arose in the United States in 
the early 20th century. This concept reached 
maturity in the 1960s Bay Area punk scene. 
The original DIY movement wasn’t about ex-
plaining the science behind natural phenome-
na but rather using a countercultural approach 
to reject consumer society. However, as the 
projects grew in complexity, engineers from 
various fields started sharing their technical 
knowledge with the rest of the DIY communi-
ty.
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The popularisation of science, as we know it 
today, began in the mass media. Its peak can 
be considered the broadcast of the mythical 
series Cosmos, a Personal Journey during the 
fall of 1980. The show, created and present-
ed by Carl Sagan, reviewed the history of the 
universe, the evolution of species on Earth 
and the success of mankind in the search for 
knowledge. But Cosmos was a story about sci-
ence, not science itself.

One of the first science shows on TV with 
hands-on activities was the 1992 Beakman’s 
World. Inspired by a 1991 comic strip by Jok 
Church and targeted to a fairly young audience 
of pre-teens and adolescents, Paul Zaloom 
played the role of an extravagant scientist 
demonstrating various physical and chemical 
curiosities. Most of the experiments were de-
signed in such a way that anyone could repeat 
them at home with basic raw materials. In fact, 
do-it-at-home was actively encouraged.

Since then, many science shows have been 
produced all over the world with similar for-
mats.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

The idea that anyone can test the basic rules of 
the natural world is challenging by itself. The 
empirical knowledge of how things behave 
may make a difference to anyone and promote 
basic science literacy to non-scientists.

Thus, the design and development of low-cost 
experiments (and their proper dissemination) 
can contribute to promoting more rational, 
less superstitious and more critical societies.

EDUCATIONAL CONNECTION

those found in a school or a local hardware 
store is very welcome. Besides, the idea that 
anyone, anywhere, can perform the exper-
iment encourages students to try it at home 
with their families. The thrill of experimenta-
tion may awaken new vocations in science. 

On the other hand, experimentation tends to 
be multidisciplinary, and many of the experi-

ments that can be done with common materi-
als develop concepts from many subjects, such 
as physics, chemistry, biology, mathematics 
and technology. Building bridges across disci-
plines at school makes classes more dynamic 
and appealing, boosting motivation.

Moreover, most of the materials used for ex-
perimentation are recycled or reused, such 
as empty plastic bottles or used straws, so 
engaging the students in planning and per-
forming these kinds of experiments reinforces 
their sense of sustainability.

PRACTICAL EXAMPLES

REACTION CAR

Using a plastic bottle, a balloon and a straw 
(and a couple more things), anyone can build a 
car that moves using Newton’s 3rd law of kin-
ematics. Access: https://explorable.com/bal-
loon-rocket-car-experiment.

PLANTS SEE THE LIGHT 

Plant some seeds in a box with a small open-
ing in one side and wait for them to sprout. 
In a few days you will see how the seedlings 
reached the opening regardless of any obsta-
cle in their path. This experiment might show 
you one of the properties of any plant: photot-
ropism. Access: http://www.untamedscience.
com/biology/plants/phototropism/.

MENTOS GEYSER

If you drop a Mentos candy into a soda, the 
tiny pits on the surface of the candy will serve 
as nucleation points for the dissolved CO2. 
The rapid formation of bubbles at these points 
makes the whole bottle burst with a powerful 
stream. This is an adaptation of the classic ex-
periment with baking soda and vinegar, but the 
principle behind it is much different. Access: 
https://www.stevespanglerscience.com/lab/
experiments/original-mentos-diet-coke-gey-
ser/.
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EMERGING TECHNOLOGIES

3D PRINTING

With the participation of Joan Alemany (graduate in 
maths, Politechnical University of Catalonia; co-found-
er of eSeeCode; secondary school teacher) and Frank 
Sabaté (schoolteacher specialising in STEM).

3D PRINTING SHOULD BE CON-
SIDERED A PRODUCTIVE TOOL 
FOR ALL SUBJECTS RELATED TO 
DESIGN.

UNDERLYING PRINCIPLE

3D printing is the group of processes allow-
ing the manufacture of physical objects from 
a computer model, using computer-aided de-
sign (CAD) or a 3D scanner.

This kind of printing can be classified under 
the additive construction paradigm, whereby 
the piece is the result of positioning the mod-
elling material, layer by layer, until the final 
product is complete (like in the construction of 
a building). In contrast, subtractive construc-
tion implies casting an initial piece and then 
cutting away excess material until achieving 
the final product (like in classical sculpture).

To achieve this additive effect, 3D printers 
must be automatic and programmable tools 
that use semi-solid or solid materials to work 
with volume, not only on surfaces like a tradi-
tional printer.

Therefore, 3D printing draws on computing 
and programming principles that allow the 
development of 3D, computer-aided design, 
as well as on mechanical and engineering el-
ements that enable the manufacture of 3D 
printers themselves.

HISTORICAL BACKGROUND

The main 3D printing systems were first de-
veloped in the 1980s by Dr Hideo Kodama, 
from the Industrial Research Municipal Insti-
tute of Nagoya, in Japan. Kodama developed 
the precursor to the current stereolithography 
system (SLA). The first patent for this system 
was granted to the American inventor Charles 
Hull in 1984; Hull brought the first 3D printer 
based on the SLA-1 3D system to the market 
in 1987.

A year later, in 1988, Carl Deckard filed a pat-
ent for the SLS, a new way of 3D printing based 
on the fusion of dust particles. In 1992 the 
Stratasys firm marketed the first printer based 
on fused deposition modelling (FDM), which 
became the standard for the most popular 3D 
printers for amateurs because of its low cost.

Nowadays many firms are testing the limits of 
these basic technologies with new systems 
to work and combine different materials, like 
metals, and to increase printing speed.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

Professionals and experts generally agree that 
3D printing will shake up the productive sec-
tor at an international scale. Logically it will 
also transform the global economy. 

Although it is difficult to say with certainty 
what the future holds, the potential for manu-
facturing practically any object, using a broad 
range of materials, could culminate in a situ-
ation whereby consumers would be able to 
print most daily products at home rather than 
buying them in physical shops. The end user 
of a product would purchase the design di-
rectly from big online shops and load the de-
sign onto their own printer.
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From this point of view, the practical applica-
tions of 3D printing in daily life would be end-
less. 

EDUCATIONAL CONNECTION

The above-mentioned implications in daily 
life depend on consumers’ capacity to pro-
duce most basic consumables locally. There is 
thus no need to learn but only to choose from 
the diverse models on the market.

From an educational perspective, however, 3D 
printing poses an interesting challenge. The 
consulted experts are worried about the cur-
rent trend of avoiding the use of 3D printing 
capacities as learning tools in favour of using 
them solely as demonstration. As a conse-
quence, downloading pre-designed models of 
the most popular repositories like OpenSCAD 
(www.openscad.org), Tinkercad (www.tinker-
cad.com) or Beettle blocks (beetleblocks.com) 
is not regarded as an authentic educational 
application of these technologies. Hence it 
is essential to establish clear teaching objec-
tives before starting 3D printing activities in 
the classroom.

3D printing should be considered a produc-
tive tool for all subjects related to design, for 
instance: 

• Engineering and technology: produc-
tion of objects and construction of models 
or mechanical or electronic devices previ-
ously designed in the classroom.

• Mathematics and geometry: spatial vis-
ualisation of shapes and abstract figures 
obtained from theoretical processes.

• Plastic and artistic expression: de-
sign and production of theatre props and 
three-dimensional art objects.

PRACTICAL EXAMPLES

There are diverse 3D printing technologies, 
each with its own strengths and weaknesses, 
depending on the intended use of the printed 
object. The most common examples are:

STEREOLITHOGRAPHY (SLA)

The original material is a viscous liquid that 
solidifies when exposed to intense ultravio-
let radiation. The model is constructed inside 
a container filled with this material and with 
a motorised platform. A laser emits a beam 
of ultraviolet light with the shape of the first 
(interior) layer of the figure, thus fixing the 
first sheet. The platform goes down to dip the 
model in the material again and afterwards 
the second layer is radiated and joined to the 
first, and so on until the model is completed.
The main advantage of SLA is its speed and the 
level of detail that can be achieved. Nonetheless, the 
models are fragile and sensitive to direct sunlight.

SELECTIVE LASER SINTERING (SLS)

From a mechanical point of view, SLS is simi-
lar to SLA, but the original material in SLS is a 
powder, usually made of nylon (though it also 
can be from other materials like polystyrene 
or ceramic). The laser heats up the first layer 
of the powder, fusing the particles. The motor 
platform immediately lowers again, and a fine 
powder is brushed onto the model, constitut-
ing the second layer. When the model is com-
plete, the remaining nylon power is extracted 
with pressurised air.

The main advantage is that the fused nylon is 
very resistant, so the pieces made using this 
technique can be functional. Besides, since 
nylon powder is solid, there is no need for 
printing support structures in the model. 

MODELLING THROUGH FUSED DEPOSITION 
MODELLING (FDM)

There are different ways to apply FDM, but 
in general, the initial material is a solid plas-
tic thread which is heated up until the fusion 
point and settled in layers by an extruder ca-
pable of moving in space. The process usually 
proceeds from the bottom up. 

Since all the components are basically me-
chanic, without lasers or sophisticated ele-
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ments, FDM is the least expensive solution 
and thus more accessible to non-professional 
users. However, the quality of the models is 
inferior to those produced by the SLS and SLA 
systems because the thickness of the thread 
determines the resolution and the maximum 
detail that can be achieved.
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OPTICS AND PHOTONICS

With the kind participation of Víctor Grau (PhD in phys-
ics; Professor, Arts and Sciences Teaching Department, 
Universitat de Vic).

...THERE IS NO EASY WAY TO 
TEACH THE NATURE OF LIGHT 
AND ITS PROPERTIES ... UNDER-
STANDING LIGHT IS NON-INTU-
ITIVE, SO IT MUST BE TAUGHT 
WITH VERY CAREFULLY AND 
WITH AN EDUCATIONAL PLAN IN 
MIND.

UNDERLYING PRINCIPLE

Optics and photonics are closely related 
branches of physics that study light and its 
behaviour. Optics can be considered the tra-
ditional framework from which photonics 

emerged upon discovery of the quantum na-
ture of light.

Briefly, light can be understood as an elec-
tromagnetic wave and a beam of tiny parti-
cles called photons. From the perspective of 
a wave, light moves through space in the form 
of a wavefront that can show classical prop-
erties such as reflection, refraction, diffraction 
and interference. Its wavelength (the length 
between peaks expressed in nanometers) ac-
counts for its colour.

However, light is much more complex than 
that and should not be represented as a typ-
ical mechanical wave, as it appears in many 
textbooks. Physical and geometrical optics ex-
plain and predict many of the classical proper-
ties of light in great detail.

From the perspective of a beam of photons, 
light shows properties not seen in classical 
waves, such as a photoelectric effect, account-
ing for individual impacts of photons on a de-
tector, or the light produced in an LED device, 
where electrons release a photon when falling 
into lower energy states. This new perspective 
led to the emergence of quantum optics and 
related fields.

HISTORICAL BACKGROUND

There is some controversy about when optics 
became a field of study. A 3000-year-old lens-
like object was found in Nimrud (today’s Iraq), 
suggesting that optics were first studied in the 
Assyrian culture. However, there is no consen-
sus on whether it was actually used as a lens 
or if it was just a piece of furniture.

We know for sure that the ancient Greek and 
Roman cultures used glass spheres filled with 
water as lenses and developed some theories 
on the propagation of light. In fact, the term 
optics comes from the ancient Greek optikē, 
meaning appearance. After the fall of the 
Greek and Roman civilisations, the develop-
ment of optics continued in the Arab and In-
dian worlds, with key documents on the field 
capturing the knowledge gained.
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It is noteworthy that the earlier theories did 
not represent light appropriately, and while 
they described properties like reflection or 
refraction with some detail, they failed to un-
derstand what could emit light and how im-
ages were formed in our mind. In this regard, 
the initial development of physical optics was 
grounded on a deficient understanding of the 
fundamentals of light itself. 
As an example of this misunderstanding, the 
17th century saw bitter discussions between 
Newton and Hooke, two of the most renowned 
physicists of all time, on the nature of light as 
either a bundle of particles (according to New-
ton) or as a wave (according to Hook). Both in-
terpretations were based on Kepler’s earlier 
works on geometric optics. Needless to say, 
both were partly right in their assumptions.

The 19th century saw the first steps in the 
resolution of the conflict, with Young’s and 
Fresnel’s experiments definitively establish-
ing the nature of light as a wave, and later, with 
the Maxwell equations showing light from the 
electromagnetic point of view. 

In the 20th century, Planck, Einstein and Bohr 
completed the theory of light as both a wave 
and particle, planting the seed for a new field: 
quantum optics. The invention of the laser in 
1960 is regarded as the starting point of pho-
tonics, dealing mainly with the study of pho-
tons, its physical properties, its production 
and its interactions with matter.

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

Humans are diurnal creatures, so light is all 
around us most of the time. We often make 
decisions based on optics, for instance paint-
ing a room with light colours to maximise il-
lumination or considering the position of the 
windows when installing a TV in a living room 
to avoid reflections. However, many of these 
decisions are based on an intuitive under-
standing of basic optical phenomena. And op-
tics can be tricky sometimes.

A solid understanding of light and its proper-
ties might be of use in our daily life in many 
aspects:

• Photography and video, especially 
considering the widespread use of smart-
phones and photo/video sharing apps.

• Use of light-based devices, such as re-
mote controls, motion detectors and prox-
imity sensors.

• Identification of optical effects, such as 
mirages or other distortions due to reflec-
tion and refraction of light. 

EDUCATIONAL CONNECTION

According to experts, there is no easy way to 
teach the nature of light and its properties. 
Introducing it in the school curriculum would 
require starting with the particle-like model in 
primary school (6–12-year-olds) and proceed 
to the wave model during secondary school 
(12–18-year-olds).

The obvious connections between optics and 
photonics are rooted in mathematics, physics 
and technology, the core STEM disciplines. 
However, there are other connections:

• Biology: optics and photonics help ex-
plain the basis of photosynthesis in plants, 
the colour of flowers and the physiology of 
the eye.

• Philosophy: the very idea of seeing may 
raise some philosophical questions, such 
as the subjectivity of beauty.

• Arts and humanities: many artistic ex-
pressions depend on light, including pho-
tography, painting, architecture and per-
forming arts. 

PRACTICAL EXAMPLES

One of the most important issues raised by 
the experts when it comes to teaching optics 
and photonics is the notion that understand-
ing light is non-intuitive, so it must be taught 
very carefully and with an educational plan in 
mind.

No simple practical example or analogy can 
explain light, so teachers are strongly recom-
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mended to first build up a solid knowledge of 
the fundamentals of classical optics:

• Light propagation: the idea that light 
travels from point A to point B in a straight 
line. This might be obvious to an adult, but 
a child just cannot see the point since there 
is no way to see it actually move. 

• Basic properties: reflection and refrac-
tion of light, which is easy to introduce 
from the perspective of a beam of parti-
cles.

• Detection and vision: light is not emit-
ted by our eyes, but rather reflected from 
objects in the path of a light source.

After this foundation has been established, 
advanced concepts can be introduced during 
preparation for university:

• Wave model of light: diffraction/inter-
ference and colour as wave-related proper-
ties of light.

• Polarisation: the angle of rotation of 
the electromagnetic wave and how it can 
be modified or constrained.

• Quantum theory of light: the basic no-
tion that photons are an energy package 
that can be absorbed or emitted during en-
ergy transformations.

NANOTECHNOLOGIJOS

With the kind participation of Jordi Diaz (PhD in chem-
istry and material sciences; founder, Nanoeduca and 
Nanoinventum school activities; researcher, Universitat 
de Barcelona).

SINCE NANOTECHNOLOGY LIES 
SOMEWHERE BETWEEN PHYS-
ICS, CHEMISTRY AND TECHNOL-
OGY, ITS STUDY COULD BUILD 
BRIDGES AMONG THE VARIOUS 
STEM DISCIPLINES.

UNDERLYING PRINCIPLE

Nanotechnology refers to any technological 
activity conducted at scales around 1 to 100 
nanometers (1 m = 1,000,000,000 nm). This is 
the scale of atoms themselves, as the diame-
ter of helium is about 0.1 nm.

Thus, nanotechnology applications provide 
extreme miniaturisation, using and rearrang-
ing individual atoms at will. Engineers are 
finding impressive new properties of materials 
at the nanoscale, such as enhanced strength, 
reduced weight and colour variations related 
to size. Similarly, many properties of known 
materials, such as conductivity or magnetism, 
show unexpected behaviours when broken 
down to their fundamental molecules.

To perform these processes, specialised tools 
have been developed, such as high resolution 
transmission electron microscopes (TEM) or 
scanning tunnelling microscopes (STM), pow-
erful devices to actually see the atoms. For 
their part, atomic force microscopes (AFM) are 
capable not only to see but to actually move 
atoms around.

Nowadays, the applications developed at the 
nanoscale are widely used across disciplines, 
such as chemistry, biology, medicine, material 
science and engineering. 

HISTORICAL BACKGROUND

Practical effects of the nanoscale have been 
observed – if not understood – throughout 
history. The colour of many pigments relate 
to the nanoparticles that compose them. The 
strength and flexibility of Damascus steel 
blades are thought to be related to the forma-
tion of carbon nanotubes during forging. How-
ever, these observations remained largely un-
explained for centuries.

It was Richard Feynman, in his inspiring lecture 
at Caltech in 1959, ‘There is plenty of room at 
the bottom’, who first raised the possibility 
that experiments could take place at the na-
noscale and that atoms could be rearranged at 
will. This conference is regarded as the origin 
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of today’s nanotechnology, a term coined in 
1974 by Norio Taniguchi. 

Despite the lack of technology to really devel-
op applications at the nanoscale at the time, 
Prof Feynman dismissed any theoretical lim-
itations and predicted the development of 
some of the applications we see today.

The development of nanotechnology has been 
very dependent on the ability to see and ma-
nipulate things at a tiny scale. Thus, the mile-
stones for its implementation correlate with 
the invention of the STM and ATM in the early 
1980s. 

This new technology, capable of rearranging 
individual atoms, was put to work for the first 
time in 1989, when IBM, the developer of the 
STM, used this device in a stunning demon-
stration, signing their company initials on a 
nickel surface with 35 xenon atoms.

The potential uses of atomic rearrangement, 
like nano-engineering and nano-robotics, 
have been discussed at length. However, few 
applications exist in this still-nascent field. 

Most of the current advances in nanotechnol-
ogy have to do with nano-coating surfaces 
with metal ions, such as silver or gold, to en-
hance the properties of existing materials, or 
designing new molecules with self-assembly 
capabilities to build structures from the bot-
tom up, similarly to biological structures.

Despite the promise of huge benefits, recent 
concerns have arisen around the use of na-
notechnology. Heavy metals, such as silver or 
gold, are known to be carcinogenic when in-
gested or inhaled. Likewise, some evidence 
suggests that carbon nanotubes might be as 
harmful as asbestos to our lungs. 

PRACTICAL APPLICATIONS IN EVERYDAY LIFE

Current nanotechnology applications are 
mostly being used in mass production and in-
dustry, such as in the miniaturisation of elec-
tronic components or catalysts to capture 
harmful molecules and reduce pollution. The 
average citizen is not familiar with these ap-

plications, so knowledge of the nano world 
may seem a bit irrelevant to everyday life. 
However, some insight on what happens at 
these tiny scales might open minds to new 
realities, new paradigms and lateral thinking. 
Citizens fully aware of the complex nature of 
our world might be more creative and critical.

EDUCATIONAL CONNECTION

Since nanotechnology lies somewhere be-
tween physics, chemistry and technology, its 
study could build bridges among the various 
STEM disciplines. For example, when the ap-
proach is practical, children can experiment 
on magnetism by using ferrofluids (and see 
the magnetic field in 3D) or consider the daily 
applications of superhydrophobic materials in 
the classroom.

In this regard, some efforts have been made to 
deliver nanotechnology activities to schools. 
The NanoEduca toolkit for secondary school 
(available internationally upon request) is a 
good example of these efforts, providing all 
the necessary materials and instructions, as 
well as a full educational plan to integrate ac-
tivities in the classroom.

The experts contacted agree that both stu-
dents and teachers are very receptive to ac-
tivities focusing on the nano world, giving 
positive feedback on related activities. For 
teachers, the chance to approach classical con-
cepts from another perspective proves highly 
engaging. Many teachers feel disconnected 
from the advances of contemporary science 
and technology and working on the basics of 
an emerging field like nanotechnology boosts 
their motivation.

Nanotechnology applications also go far be-
yond the STEM paradigm, sometimes touching 
philosophy, social sciences and, ultimately, 
ethics. Consider, for instance, the claims that 
some nanoparticles might be harmful for us 
or for the environment. Can this issue be sort-
ed out? How? Recycling of nanoparticles has 
proven to be quite difficult. Are the benefits 
worth the risks?
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Other issues around nanotechnology that 
can be considered at the classroom level are 
those concerning the rationalisation of its use. 
Is it really necessary to use nanocomponents 
everywhere? Could this increase technologi-
cal inequalities in the world? 

PRACTICAL EXAMPLES

PROTECTION AND CONSERVATION

Nanomaterials have been developed to help 
in the conservation of ancient works of art, 
such as paintings. Not only can these mate-
rials merge more naturally with the original 
objects, they can prevent future deterioration 
better than traditional methods.

CHARACTERISATION OF MATERIALS

The imaging techniques developed to study 
nanomaterials have applications in other 
fields, such as the identification of materials 
found at a crime scene or attributing a work of 
art to a particular artist.
 
NEW PIGMENTS

Some nanoparticles change colour depending 
on their size. This has led to the development 
of nano-dyes, with many applications. Quan-
tum dots, for instance, are used in molecular 
biology to tag proteins and other molecules 
into the cells and study their location.

NANOCIRCUITS

Still under development, the ability to minia-
turise circuits would allow their integration 
with any material, such as clothes. Once the 
technology is ready, a new era of wearable de-
vices is expected.

NANOROBOTICS

Molecular machines that are fully program-
mable and controllable are envisioned, with 
enormous potential applications, such as 
medical robots operating inside our body.
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ANNEX 1

DIFFERENCES BETWEEN PROGRAMMING LANGUAGE BASED ON SYNTAX AND LANGUAGES BASED ON 
BLOCKS

Use Logo to draw a square measuring 50 pixels per side using a repetition loop. The language is 
simpler, and there is little syntax. 

to square
repeat 4 (forward 50 right 90) 
end

Use Scratch to draw a square measuring 100 pixels per side using a repetition loop. As shown, 
there is no code with syntax and thus there are no possible coding errors, only logical program-
ming errors. 

4x right 90forward 50 
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Use JavaScript (in combination with HTML5) to draw a square measuring 100 pixels per side. In 
this case no loop is used since the rectangle is directly defined. As shown, the language is much 
more complex, with a non-intuitive syntax and integrated functions (like document or var).



STEAM READINESS 
LEVEL FRAMEWORK

Authors: Andrius Uždanavičius, Arminas Varanauskas,  
Gintarė Zinkevičiūtė
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This framework should not be understood or 
used as measurement tool, which indicates 
absolute absence of quality in lowest points 
or excellence in highest. We believe that 
each school is community with certain needs, 
contexts and might tackle todays and future 
challenges not with predetermined set of 
solutions, but with creative and adaptive ap-
proach. Thus, we encourage everyone to use 
this framework as opportunity to self-analyse 
yourselves in order to better understand your 
current situation in relation to STEAM imple-
mentation.

Change management is difficult process which 
takes time. Not every culture is keen for radi-
cal innovation and change, but we do not find 
disturbing that education system and each 
learning community evolves at its own pace. 
Great achievements are made through incre-
mental improvement, if they are made wisely, 
timely and coherently. At this point comes this 
framework, which allows each learning com-
munity to analyse and understand the status 
quo of your own organisation. 

For advancement and improvement, you need 
to choose means based on analysis and you 
need to have an idea what you can do bet-
ter. 5 sets of criteria each with 5 levels serves 
not only as reference point, but also as food 
for thoughts which might get you on the right 
track.

For easier understanding, each level has an 
example showing possible manifestation of 
STEAM in a school. Yet again, neither exam-
ples, nor levels themselves represent ultimate 
form of STEAM implementation in school. 
They also are not ready-made solutions for 
your community, but we hope, that they might 
work out as catalysators in your improvement 
process.

Every school should use this tool in accord-
ance with their own institutional mission, na-
tional education policy, community ambitions 
and goals.

5 sets of criteria are as follows: S – synthesis 
of disciplines, T – technology, E – extent, A – 
applicability and M – mentorship approach.
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subject matter – for example – classifying, con-
necting, sequencing, etc. – is the focus. These 
processes are common to the various disci-
plines, thus being aware of how they function 
in one discipline can enhance students’ un-
derstanding of how they function in another. 

Example: Teaching students to purify different 
attributes in order to classify practical stuff, 
e.g. trees, colors, etc. in order to help under-
stand how this works in more abstract cases, 
e.g. numbers.  

T – TECHNOLOGY. 

Is technology in classroom “fun” or a 
“game-changer”?

Level 1: Substitution – technology is used with 
no functional change to tasks given. 

Example: students read given article on com-
puters instead of textbooks. 

Level 2: Augmentation – technology allows 
small improvements. 

Example: students take a quiz using a Kahoot! 
instead of using pencil and paper. 

Level 3: Adaptation – technology allows to en-
rich and diversify learning. 

Example: students are given task to make the 
presentation using their chosen tools.

Level 4: Modification – technology allows sig-
nificant learning process redesign.

Example: students take care of greenhouse 
through online solutions (measurement, re-
al-time cameras, etc.).

Level 5: Transformation – technology enables 
learning in previously impossible ways.  

Example: students use virtual reality glasses 
and google maps application to take virtual 
museum tour.
 

S – SYNTHESIS OF DISCIPLINES. 

Do we mechanically connect disciplines or fo-
cus on showing for students underlying prin-
ciples beneath separate subjects?

Level 1: Teaching tool – one discipline serves 
the other as a mean to learn or remember the 
information more efficiently. One of the sub-
jects is considered less important than the 
other. 

Example: singing the song to memorise the 
important historical events. 

Level 2: Topic connections – one subject area 
serves to enrich another. The integration ex-
ists only if the concepts and goal from both 
disciplines are addressed. 

Example: reading a play about famous histor-
ical personality and explaining the way the 
playwright used the art form to express the 
human condition. 

Level 3: Thematic or content connections – 
integration of thematic units that comprise 
genuine areas of study addressing the goals of 
various disciplines. 

Example: integrating math and physics disci-
plines with Mars as a theme (e.g. calculating 
differences of various characteristics between 
Mars and Earth (e.g. temperature, rotation, 
mass, etc.) and discussing what effect do these 
differences have.

Level 4: Conceptual connections – integration 
where concepts and how they are applied to 
each field are the focus. Using their under-
standing in one discipline students are more 
likely to make sense of an unfamiliar, but sim-
ilar construct in another discipline. 

Example: teaching to understand musical 
piece as a literature story to convey its musical 
characteristics, for e.g. dynamics according to 
the idea of the composer.

Level 5: Process connections – integration 
where process of students engaging with the 
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E – EXTENT. 

How “normal” is to integrate on day-to-day 
practice?

Level 1: Integration of two or more subjects at 
least once per school year. 

Example: Integration of two or more subjects 
in order to commemorate an important event, 
such as Earth day. 

Level 2: Integration of two or more subjects at 
least once per semester / trimester.

Example: Preparing a short-term project using 
knowledge of at least two subjects at the end 
of the semester / trimester.

Level 3: Integration of two or more subjects at 
least twice per semester / trimester.

Example: Integration using thematic units for 
introduction of new theme for several sub-
jects (baroque, classicism, gothic for music, 
literature, arts) several times per semester / 
trimester.

Level 4: Integration of two or more subjects at 
least once per month.

Example: Students carry out a continuous 
project (e. g. Designing a Low Energy Home: 
Heating and Cooling) by using knowledge of 
several subjects and have repetitive sessions 
dedicated to this theme.

Level 5: Integration of two or more subjects 
on weekly basis.

Example: Content and Language Integrated 
Learning (CLIL).
 

A – APPLICABILITY. 

Do we solve theoretical problems with very 
basic understanding how it might be applied 
in real life or do we encourage students to 
tackle relatable, everyday life issues?

Level 1 – Students solve theoretical tasks, 
teachers provide examples of practical appli-
cation

Example: Students apply Pythagorean theo-
rem to solve the task given by the teacher.

Level 2 – Students solve theoretical tasks and 
provide examples of practical application

Example: Students make inference about 
which matter will float on water by calculat-
ing density of these matters and then provide 
examples how they can use this information 
in life (application is rather theoretical and ar-
tificial).  

Level 3 – Students solve theoretical tasks 
which is applicable in real-life context (they 
can relate)

Example: Students use their knowledge to 
plan the budget of an upcoming school event. 

Level 4 – Students solve real practical cases

Example: Students prepare a business plan to 
redesign the chosen product to be more en-
vironmentally-friendly, that includes market 
analysis, product design and marketing cam-
paign. 

Level 5 – Students solve practical problems 
related to their individual experience and re-
al-life context (idea comes from them)

Example: Designing and testing the app that 
helps to improve healthy lifestyle and visual-
ise the progress. 

M – MENTORSHIP APPROACH. 

How free student is to make decisions about 
his/her own learning?

Level 1: Interactive demonstration – teacher 
shows the construction of correct scientific 
conclusions, supplementing it with questions 
for students.
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Example: the teacher conducts the scientif-
ic demonstrations and manages the exper-
imental apparatus, but asks questions to the 
students, asking for predictions about what 
may happen by operating in a certain way and 
asking for explanations of what has been ob-
served. 

Level 2: Guided discovery – students carry out 
given task previously introduced by the teach-
er.

Example: laboratory activity conducted un-
der the guidance of a worksheets given by the 
teacher and containing instructions for con-
ducting the experiments. 

Level 3: Guided inquiry – students work on 
tasks identified by the teacher based on 
well-defined goals with no predetermined re-
sponse or result. However, students are pro-
vided with hints and instructions on how to 
operate with given tools, and the teacher can 
guide activities through questions and prob-
lems to be posed while developing activities.

Example: laboratory activity with concrete 
goals, for e.g. “Find this ...”, “Determine that 
...”.

Level 4: Bounded Inquiry – students plan and 
conduct the task identified by teacher with lit-
tle or no guidance from the teacher and limit-
ed preparation. 

Example: The research problem to be solved 
through laboratory activity is provided by the 
teacher, but the students are responsible for 
designing and conducting the work, collecting 
data and building descriptions and explana-
tions of what it is observed.

Level 5: Open Inquiry – students develop their 
own research questions and design and as-
semble their experimental apparatus.

Example: For the task, “Set up a study aimed 
at sound analysis or speech recognition” stu-
dents can choose to compare high and low 
tones, male and female voices, sounds pro-
duced by musical instruments, noises, etc.
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STEAM READINESS 
SELF-CHECK TOOL

Authors: Andrius Uždanavičius, Arminas Varanauskas,  
Gintarė Zinkevičiūtė
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This self-check tool should not be understood 
or used as tool, which indicates absolute ab-
sence of quality in lowest points or excellence 
in highest. We believe that each school is com-
munity with certain needs, contexts and might 
tackle todays and future challenges not with 
predetermined set of solutions, but with crea-
tive and adaptive approach. Thus, we encour-
age everyone to use this tool as opportunity 
to self-analyse yourselves in order to better 
understand your current situation in relation 
to STEAM implementation.

Change management is difficult process which 
takes time. Not every culture is keen for radi-
cal innovation and change, but we do not find 
disturbing that education system and each 
learning community evolves at its own pace. 
Great achievements are made through incre-
mental improvement, if they are made wisely, 
timely and coherently.

For advancement and improvement, you need 
to choose means based on analysis and you 
need to have an idea what you can do bet-
ter. Here you will find 5 questions. Answering 
them should allow you better understand your 
school situation and act accordingly.

Every school should use this tool in accord-
ance with their own institutional mission, na-
tional education policy, community ambitions 
and goals.
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SELF-CHECK TOOL

1. S – SYNTHESIS OF DISCIPLINES. 

Which example best represents your common 
practice in school? Please choose one.

a) singing the song to memorise the impor-
tant historical events. 

b) reading a play about famous historical 
personality and explaining the way the 
playwright used the art form to express the 
human condition. 

c) integrating math and physics disciplines 
with Mars as a theme (e.g. calculating dif-
ferences of various characteristics be-
tween Mars and Earth (e.g. temperature, 
rotation, mass, etc.) and discussing what 
effect do these differences have.

d) teaching to understand musical piece 
as a literature story to convey its musical 
characteristics, for e.g. dynamics according 
to the idea of the composer.

e) teaching students to purify different at-
tributes in order to classify practical stuff, 
e.g. trees, colors, etc. in order to help un-
derstand how this works in more abstract 
cases, e.g. numbers. 

2. T – TECHNOLOGY.

 Which example best represents your common 
practice in school? Please choose one.

a) students read given article on computers 
instead of textbooks. 

b) students take a quiz using a Kahoot! in-
stead of using pencil and paper. 

c) students are given task to make the pres-
entation using their chosen tools.

d) students take care of greenhouse 
through online solutions (measurement, 
real-time cameras, etc.).

e) students use virtual reality glasses and 
google maps application to take virtual 
museum tour.

3. E – EXTENT. 

Which example best represents your common 
practice in school? Please choose one.

a) integration of two or more subjects in 
order to commemorate an important event, 
such as Earth day. 

b) preparing a short-term project using 
knowledge of at least two subjects at the 
end of the semester / trimester.

c) integration using thematic units for in-
troduction of new theme for several sub-
jects (baroque, classicism, gothic for music, 
literature, arts) several times per semester 
/ trimester.

d) students carry out a continuous project 
(e. g. Designing a Low Energy Home: Heat-
ing and Cooling) by using knowledge of 
several subjects and have repetitive ses-
sions dedicated to this theme.

e) content and Language Integrated Learn-
ing (CLIL).

4. A – APPLICABILITY. 

Which example best represents your common 
practice in school? Please choose one.

a) students apply Pythagorean theorem to 
solve the task given by the teacher.

b) students make inference about which 
matter will float on water by calculating 
density of these matters and then provide 
examples how they can use this informa-
tion in life (application is rather theoretical 
and artificial).  

c) students use their knowledge to plan the 
budget of an upcoming school event. 

d) students prepare a business plan to re-
design the chosen product to be more en-
vironmentally friendly, that includes mar-
ket analysis, product design and marketing 
campaign. 

e) designing and testing the app that helps 
to improve healthy lifestyle and visualise 
the progress. 
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5. M – MENTORSHIP APPROACH. 

Which example best represents your common 
practice in school? Please choose one.

a) the teacher conducts the scientific 
demonstrations and manages the exper-
imental apparatus, but asks questions to 
the students, asking for predictions about 
what may happen by operating in a certain 
way and asking for explanations of what 
has been observed. 

b) laboratory activity conducted under 
the guidance of a worksheets given by the 
teacher and containing instructions for 
conducting the experiments. 

c) laboratory activity with concrete goals, 
for e.g. “Find this ...”, “Determine that ...”.

d) the research problem to be solved 
through laboratory activity is provided by 
the teacher, but the students are responsi-
ble for designing and conducting the work, 
collecting data and building descriptions 
and explanations of what it is observed.

e) for the task, “Set up a study aimed at 
sound analysis or speech recognition” stu-
dents can choose to compare high and low 
tones, male and female voices, sounds pro-
duced by musical instruments, noises, etc.

 

Please place dot for each question depending 
on answer you have chosen and connect dots 
by straight line. 

It is your STEAM readiness level diagram. Points 
which are closer to centre of chart represents 
lower level of certain aspect of STEAM. But as 
mentioned before you should not interpret 
this as “poor quality” / “high quality” diagram, 
but rather as inspiration for further possible 
improvements of each aspects. The best dia-
gram is not that diagram which have all dots 
on highest levels, but that diagram with best 
represents school aspiration and goals.

S – Synthesis of disciplines. Do we me-
chanically connect disciplines or focus on 
showing for students underlying principles 
beneath separate subjects?

T – Technology. Is technology in classroom 
“fun” or a “game-changer”?

E – Extent. How “normal” is to integrate on 
day-to-day practice?

A – Applicability. Do we solve theoretical 
problems with very basic understanding 
how it might be applied in real life or do 
we encourage students to tackle relatable, 
everyday life issues?

M – Mentorship approach. How free stu-
dent is to make decisions about his/her 
own learning?

CURRENT LINE
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INTRODUCTION

The so-called STEAM disciplines (science, 
technology, engineering, art and mathemat-
ics) offer a unique opportunity for involving 
pupils in processes analogous to those in sci-
ence: inquiry, experimentation, modelling, 
argumentation … Participation in all these re-
search practices helps pupils to understand 
how scientific knowledge is generated, mak-
ing a holistic approach necessary for effective 
science and technology education. 

This guide presents a set of technologies that 
are applicable to this learning context. The de-
scription of each technology includes imple-
mentation considerations, directions for their 
use in the classroom and examples of best 
practices that can inspire educators to apply 
the technologies in their own context.

This guide is the continuation of the report 
‘State of the Art of Stem Technologies’. The 
two reports, developed within the framework 
of the sySTEAM project (financed by Erasmus+ 
Programme of the European Commission) are 
complementary and worth consulting jointly. 
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GENERAL DIRECTIONS: US-
ING STEAM PROJECTS IN THE 
CLASSROOM

These guidelines present diverse technolo-
gies applicable in the classroom and describe 
their peculiarities. Although each is unique, 
there are common features. This introduction 
presents basic teaching recommendations to 
successfully deal with teaching STEAM in the 
classroom; these are also more widely appli-
cable to any technology.

TEACHING RECOMMENDATIONS:

Adapt the classroom. Pupils will need an ap-
propriate space to work on the experiments, 
share ideas in teams, write and/or debate. The 
necessary material should also be provided ac-
cording to the research design. In many cases, 
these materials can be low cost or available in 
the school labs, though there is the possibility 
of using simulators or virtual labs to carry out 
more sophisticated experiments.

Formulate proper questions. Teachers should 
make sure that the teaching questions (wheth-
er these are formulated by the students or the 
teachers themselves) encourage students to 
deepen their reasoning. Questions that can be 
answered using simple definitions should be 
avoided. Furthermore, it is necessary to cul-
tivate a classroom atmosphere where every-
body can state their own opinions and answer 
questions without fear of being wrong.

Gauge pupils’ pre-existing knowledge. Pu-
pils may already have some prior knowledge 
about certain phenomena, but this could be 
wrong or incomplete. The teachers’ task will 
be to assess, complete and rebuild students’ 
knowledge so that they are scientifically more 
accurate. Thus, it is a good idea to start each 
new class project with a debate about what 
students think about the issue they are go-
ing to research. Asking them to draw models 
or write explanations about how they think 
a certain phenomenon occurs is also recom-
mended.

Organise group debates. In this way, the stu-
dents can share their ideas, see different points 
of view and learn from other classmates. These 
debates should not be carried out in a spon-
taneous way, but rather apply learning from 
previous training in debate culture. Respect-
ing speaking times, thinking for a few seconds 
before responding, considering how to best 
express a point, or drawing conclusions from 
debates are all skills that pupils must work on 
in advance. Likewise, teachers should serve as 
the facilitator or moderator of the debate, but 
they should also allow pupils some autonomy 
to discuss amongst themselves.

Elaborate final products. It is necessary to cre-
ate different materials that allow the pupils to 
document their research process and review 
what they have learnt and how. Teachers can 
also consult these materials to assess the pu-
pils’ learning and, if necessary, to correct their 
understanding. Products could be lab note-
pads, experiment protocols, oral presenta-
tions and/or posters. Teachers might consider 
providing their classes with examples of dif-
ferent products as models. When reviewing 
the products, the teachers should be careful 
not to focus excessively on misspelling or 
poor syntax, but rather to guide students in 
improving their reasoning through construc-
tive commentary.
 

INQUIRY-BASED TEACHING

To introduce STEAM concepts in the classroom, 
inquiry-based science education (IBSE) is rec-
ommended as a teaching method that pivots 
on helping students truly understand what 
they are studying. IBSE avoids the superficial 
learning that memorising information and 
concepts implies.

Research on science education shows how 
curious students are from an early age about 
the world that surrounds them, highlighting 
their ability to articulate explanations about 
phenomena they observe in their daily lives. 
IBSE builds on this curiosity, helping to mould 
pupils’ spontaneous conceptions into more 
scientifically accurate explanations through 
well-structured activities.
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IBSE also allows students to work like scien-
tists, avoiding an understanding of science 
lessons as a way to merely consume science 
products in favour of learning how to do sci-
ence. In the same way that a person learns to 
cook by cooking or learns social skills when 
mingling with people, science is learned by 
doing science. The idea is that pupils should 
not be limited to repeating pre-formulated 
outlines; they should explore, research, draw 
conclusions and ultimately communicate what 
they have learnt.

To accomplish these objectives, teachers 
should make an effort to understand pupils’ 
context and interests, designing activities and 
experiences that correspond to their level of 
knowledge, motivate them, and make them 
think about the phenomena surrounding them.

Bearing in mind that IBSE can be undertaken 
differently depending on the available tools, 
students’ skills and teacher’s knowledge, the 
following is a series of general considerations 
and teaching recommendations.

BASIC CONSIDERATIONS ABOUT IBSE:

Direct experience is important. Pupils should 
be allowed to directly experience the phe-
nomenon they are studying. Learning research 
tells us that outside of school, pupils learn and 
build concepts from direct experience with 
what surrounds them, so the same should hap-
pen in the classroom: different experiments 
should facilitate pupils’ critical examination 
of their prior ideas and their formulation of 
new questions.

Question as a starting point. Pupils must un-
derstand that their starting point in research 
should be a question. One way to motivate 
and engage them in their research is to give 
them the opportunity to raise that question 
themselves so that it becomes more meaning-
ful for them.

Need for learning different skills. To perform 
research, pupils must be capable of observing 
phenomena, asking questions, making predic-
tions, designing experiments, analysing infor-

mation and formulating statements based 
on evidence. The teachers’ task will be to 
guide them during the whole process.

Beyond simple experimentation. The sci-
ence classroom should not be about under-
taking hands-on experiments but about ask-
ing pupils to reflect on and discuss what is 
being produced. Debates about the experi-
ment can be organised to stimulate ideas 
that can be written and refined.

Use of secondary information resources. In 
IBSE it is necessary to consult other informa-
tion resources, beyond direct experimenta-
tion. Students can consult books, the Inter-
net or even experts to fill in the information 
needed for their experiment.

Science is a collaborative activity. Pupils 
should work in small groups to share ideas, 
debate and think, just as professional sci-
entists do. Teachers must create balanced 
and cooperative groups to better favour a 
work atmosphere that is conducive to each 
student making contributions according to 
their capacities.
 

PROGRAMMING

PROGRAMMING CANNOT BE 
AN EXCLUSIVE DOMAIN OF 
TECHNOLOGY OR ENGINEER-
ING ... EDUCATIONAL CEN-
TRES SHOULD BE ORGANISED 
SO THAT PUPILS CAN LEARN 
PROGRAMMING IN ALL DISCI-
PLINES.
 

OBJECTIVES

Computing practice has recently earned its 
place in the academic curricula and is in-
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cluded in educational standards like K12 Next 
Generation Science Education Standards. This 
is because programming, more than an aim in 
and of itself to learn certain computing lan-
guages, is a means for pupils to participate in 
processes analogous to scientific activity.
Programming in the classroom helps pupils to:

• be capable of building models of the phe-
nomena surrounding them, through the ab-
straction of concepts;

• acquire problem-solving skills, since pro-
gramming is nearly immediately respon-
sive to inaccuracies;

• develop creativity and imagination; and

• learn different programming languages, 
for instance, Scratch or Processing.

TIPS FOR USING PROGRAMMING IN THE CLASS-
ROOM

Whether programming is used in the class-
room as a means or as an objective, experts’ 
advice is often the same. The following tips 
are especially relevant:

• Separate digital language from the 
science to be learnt. Students must ac-
quire some basic programming skills be-
fore applying them to new learning ma-
terial. Teachers can start by asking pupils 
to programme video games or animations 
where different characters interact, which 
will motivate them while simultaneously 
familiarising them with the functioning of 
the software.

• Be incremental. If students are sup-
posed to programme a certain model of 
any natural phenomenon, then they should 
start with simple processes, for instance, 
the warming of a glass of water in the 
sunlight. Henceforth, other more complex 
processes can be modelled, like the dis-
tribution of power from a Van der Graaf 
generator. Likewise, if an activity aims to 
teach students how different programming 
languages function, they should start with 
simple tasks that do not imply many orders, 
so that the pupils can get comfortable with 
them step by step.

• Use cross-cutting tools. Programming 
cannot be an exclusive domain of technol-
ogy or engineering. It must be cross-disci-
plinary, touching all subjects. Educational 
centres should be organised so that pupils 
can learn programming in any discipline.

• Use the tool to promote diverse ap-
proaches. Programming allows each pu-
pil to work independently, meaning that 
everybody can learn and work at their own 
pace. That’s why it is important to estab-
lish clear objectives when planning activi-
ties, bearing in mind that pupils will always 
have to start by outlining their model on 
paper. For instance, when programming a 
game, it is vital that rules are clear from the 
start; for an animation, programmers must 
sketch an outline; and when explaining 
a natural phenomenon, it is necessary to 
know what factors play a role.

CONSIDERATIONS BEFORE IMPLEMENTATION

First, teachers have to know and master the 
programming software to be used. It is advisa-
ble to try out different ones to see what func-
tionalities each has. The simplest ones that 
secondary pupils can use are Scratch (it is not 
necessary to know programming language), 
Processing (with a syntax based on Java but 
accessible to novices) or an adaptation of 
Scratch called Arduino (for programming in 
robotics). All of them are open-source codes 
and affordable to any school.

Secondly, teachers should monitor pupils’ 
frustration to find the right balance between 
guided and independent work, as the ac-
tivities will have both phases, and teachers 
should aim to intervene only when their stu-
dents need it. At first, all pupils can work on 
the same activity and then break off according 
to their objectives. In this sense, programming 
should not become an obstacle for pupils to 
model a particular phenomenon.

Finally, the STEAM paradigm may initially ap-
peal only to a certain profile of pupil (boys 
with a specific background or interest in sci-
ence), so the challenge for the teacher will be 
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to engage other pupils as well. One way to 
do this is to link programming activities to 
different fields and social issues.

RESOURCES

Computing at School: website promoting program-
ming in the classrooms with a virtual community 
to give resources and tutorials through fora (http://
www.computingatschool.org.uk/)

Processing: software processing website with tutori-
als, guidelines, and examples for their use (https://
processing.org/)

Scratch for Educators: on the page for teachers, there 
are tutorials, guidelines and opportunities to work 
online with students (https://scratch.mit.edu/educa-
tors/)

Brennan, K., Resnick, M. (2012). New Frameworks for 
Studying and Assessing the Development of Compu-
tational Thinking. In: Annual Meeting of the American 
Educational Research Association Vancouver: Ameri-
can Educational Research Association, pp. 1–25.

Wagh, A., Cook-Whitt, K., Wilensky, U. (2017), Bridg-
ing Inquiry-based Science and Constructionism: Ex-
ploring the Alignment Between Students Tinkering 
with Code of Computational Models and Goals of 
Inquiry. Journal of Research in Science Teaching, 54, 
pp. 615–641.

PRACTICAL EXAMPLES

Scratch Tutorials: video tutorials with different ex-
amples of possibilities for making games and anima-
tions (https://scratch.mit.edu/help/videos/)

BBC Schools Computing: BBC webpage giving re-
sources to explain certain programming concepts to 
Secondary pupils (https://www.bbc.com/education/
subjects/zvc9q6f)

 
ROBOTICS

EXPERTS RECOMMEND DE-
SIGNING AND PERFORMING 
MEANINGFUL ACTIVITIES THAT 
TRANSMIT TO PUPILS THAT 
MODERN ENGINEERING IS IN-
TERDISCIPLINARY IN NATURE 

AND AIMS TO SOLVE SOCIAL 
PROBLEMS AND NEEDS.

OBJECTIVES

Because robotics requires developing and 
materialising an idea, it is a cross-cutting dis-
cipline that draws from different spheres: en-
gineering, mathematics, physics, electronics, 
programming and design, even the software 
SketchUp for 3D printing. Thus, it is a very 
good option to work on different educational 
aspects:

• To turn abstract concepts into reality and 
make them more understandable for pu-
pils.

• To favour students’ independence and ca-
pacity for problem-solving, since they cre-
ate their own ideas.

• To awaken students’ vocations for science 
and technology.

• To allow pupils to work in groups and to 
improve the classroom cohesion.

Moreover, work in robotics is based on an in-
herently holistic perspective, as the purpose 
of the activity is to introduce a device that sat-
isfies a certain need or improves an existing 
tool. Thus, students must consciously connect 
with their surroundings.

TIPS FOR USING ROBOTICS IN THE CLASSROOM

Using robotics in the classroom should be root-
ed in the need for holistic and inquiry-based 
work, taking the following aspects into ac-
count:

• Make activities progressively difficult. 
Although the objective of robotics is to 
build an object that all students have to 
conceive in order to solve a real-life prob-
lem, they will need a foundation of skills, 
especially in the field of programming. Ex-
perts recommend carrying out small previ-
ous exercises, with very simple guidelines, 
so that pupils perceive the correlation 
between programming and robotics and 
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acquire the knowledge they will need to 
build their device.

• Organise working groups. Successful 
progress in robotics projects largely de-
pends on teachers’ ability to organise their 
pupils in balanced groups with different 
abilities and skills. If this step is achieved, 
students will find it easier to perform a sin-
gle task, such as coordinating the group’s 
work, explaining the project to classmates, 
or applying maths skills or spatial vision. 
Groups can also integrate pupils’ diverse 
strengths. The maximum recommended 
number of pupils is 4.

• Require final products. Besides the ro-
bot itself, project-based activities should 
be accompanied by a project report, detail-
ing the technological process; an oral pres-
entation in front of the rest of the group (as 
in a science fair or a sales pitch for a proto-
type); and a video showing the functioning 
of the robotic device (this is ideal in case 
something fails and does not work proper-
ly during the live presentation).

• Assess all facets of the project. In addi-
tion to grading the final product of a robot-
ics project (whether or not the robot works), 
other items should also be assessed, in-
cluding group coordination and individual 
participation. Likewise, pupils should have 
the opportunity to assess the other pro-
jects, even voting for the best one.

• Make activities meaningful. As a com-
plementary issue, experts recommend de-
signing and performing meaningful activ-
ities that transmit to pupils that modern 
engineering is interdisciplinary in nature 
and aims to solve social problems and 
needs. Educators can organise visits to uni-
versities, engineering schools, companies, 
start-ups and congresses and technologi-
cal fairs.

CONSIDERATIONS BEFORE IMPLEMENTATION

Even though robotics activities may initially 
seem complex, experts urge teachers not to 
let lack of confidence stop them from experi-
menting with these projects in the classroom. 

Continuous professional training could help to 
familiarise teachers with the material. Moreo-
ver, teachers might be motivated by the fact 
that pupils already have mental strategies 
that make working in this way easier: robotics 
is very proactive and attractive, and it facili-
tates joint teacher-pupil learning.

No big technical requirements are needed for 
implementing robotics activities, facilitating 
their use in the classroom. The indispensa-
ble needs are computers (preferably laptops 
for improving the flexibility of the space), ro-
botic plates connected to them, and materials 
that pupils will use to develop their projects. 
These materials could either be loaned to stu-
dents by the school, or pupils could research 
and supply their own material needs. 

Pupils must have minimum programming skills 
in the software needed. These skills could be 
developed through prerequisite coursework or 
in parallel to other disciplines. For instance, a 
working knowledge of Arduino is useful, since 
its simplicity makes it one of the most recom-
mended tools for initial class work in robotics.

RESOURCES

Arduino: website where educational applications of Ar-
duino software can be found (https://www.arduino.cc/
en/Main/Education)

Lego League: robots competition that motivates pupils 
to find solutions to current world challenge like recy-
cling, food safety or energy sources (http://www.first-
legoleague.org).

RiE 2017: website of the 8th International Congress on 
robotics in education (http://rie2017.info/)

Sterling, L. (2015) Five Reasons to Teach Robotics in 
Schools, The Conversation, [online] Available at: http://
theconversation.com/five-reasons-to-teach-robotics-
in-schools-49357.

PRACTICAL EXAMPLES

Hackster: community dedicated to learning Arduino 
software, with examples of its use (https://www.hack-
ster.io/arduino/projects)

RoboESL: European project that uses robotics to pre-
vent school dropout (http://roboesl.eu/)

Blog S4A: practical examples and in different levels of 
robotics projects using Scratch for Arduino (http://blog.
s4a.cat/)
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Botball: project whose goal is to encourage the appli-
cation of robotics in the classroom by participating in a 
robot competition (http://www.botball.org/). 

 

VIRTUAL AND REMOTE LABS

A WIDE RANGE OF POSSIBLE 
CLASSROOM APPLICATIONS 
FALL UNDER THE UMBRELLA OF 
‘VIRTUAL AND REMOTE LABS’, 
FROM SMALL SIMULATIONS TO 
THE COLLECTION OF REAL DATA 
FROM RESEARCH CENTRES LIKE 
THE EUROPEAN ORGANISATION 
FOR NUCLEAR RESEARCH, CERN.

OBJECTIVES

Virtual labs, simulators and remote labs have 
different purposes in the classroom:

• To facilitate experiments and practicals 
that cannot normally be carried out in the 
educational centres’ labs owing to lack of 
equipment.

• To carry out experiments without any 
risks, thus reducing pupils’ aversion to 
making mistakes.

• To help illustrate phenomena or struc-
tures that are difficult to represent with 
traditional methods like blackboards.

• Offline labs cannot be completely re-
placed by online ones; rather, the two tools 
are complementary. Besides, students may 
resent the overuse of electronic devices 
(PCs, laptops, tablets).

Virtual and remote labs can be used in differ-
ent scientific and technical disciplines: phys-
ics, chemistry, biology, technology (engineer-
ing) and mathematics, to varying degrees. For 
example, there are more possibilities in phys-

ics than in mathematics. These tools can be 
also introduced at any moment of the didactic 
sequence.

Thus, this kind of technology is perfectly 
aligned with STEAM methodology, enabling 
pupils to participate in the scientific process, 
encouraging them by making science lessons 
more enjoyable and entertaining, and allow-
ing them to experience greater diversity in 
classroom activities.

TIPS FOR USING VIRTUAL AND REMOTE LABS IN 
THE CLASSROOM

A wide range of possible classroom applica-
tions fall under the umbrella of ‘virtual and 
remote labs’, from small simulations to the 
collection of real data from research centres 
like the European Organisation for Nuclear Re-
search, CERN. So, there is an array of hetero-
geneous tools, and each proposal can require 
specific adaptations. Educators should keep 
the following tips in mind:

• Plan simple activities with clear objec-
tives. Pupils will achieve the best results 
from using these technologies if activities 
are straightforward and the goals are clear. 
This means that although pupils can work 
independently, guidelines and instruc-
tions must be easy to understand so that 
students’ curiosity can be freely explored, 
and so they can learn the need for system-
atising research.

• Monitor activities. Teachers play a 
guidance role during the activities even if 
experts recommend not controlling the en-
tire process. Teachers should pause the ac-
tivity from time to time to share issues and 
discuss pupils’ progress. Otherwise pupils 
may simply play with the simulations with-
out using them properly.

• Generate results. It is necessary to cre-
ate a final product, which could be a report 
on the practical or a question worksheet 
on the part of the scientific process that 
the class is working on. For instance, pupils 
might answer a few initial questions, make 
a hypothesis or write the conclusions of 
the experiment.
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• Use the technology properly. Virtual 
and remote labs should be used only when 
they are really necessary, for instance, to 
simulate an experiment that cannot be 
carried out at the school due to lack of ap-
propriate resources. Simulations should 
complement real experiments, not replace 
them.

CONSIDERATIONS BEFORE IMPLEMENTATION

A good Internet connection is indispensable, 
as are computers or tablets for the pupils (at 
least one per pair). This facilitates the use of 
this technology in any class of the school.

Teachers must have enough time for correctly 
planning and designing the activities, avoid-
ing improvisation. To use GoLab virtual labs, 
some preliminary training with the Graasp 
tool is necessary.

GoLab laboratories have an excellent teaching 
environment, providing pre-programmed and 
easy-to-apply lesson units, although some-
times it is preferable to adapt them to the 
pupils’ characteristics and their educational 
context. 

RESOURCES

University of Colorado simulators (https://phet.colora-
do.edu/)

Go-Lab Project: well-developed teaching environment 
with labs from around the world, heterogeneous func-
tions, and possibilities for sharing and adapting teach-
er-designed activities (https://www.golabz.eu/)

Scientix: science education community in Europe: 
resources and examples of virtual and remote labs 
(http://blog.scientix.eu/2015/08/virtual-laborato-
ries-in-teaching-and-learning-science/)

ChemCollective: virtual labs for teaching chemistry 
(http://chemcollective.org/home) 

Vozniuk, A. (2017). Enhancing social media platforms 
for educational and humanitarian knowledge sharing: 
analytics, privacy, discovery, and delivery aspects. [pdf] 
Lausanne (Switzerland): École Polytechnique Fédérale 
de Lausanne.

PRACTICAL EXAMPLES

Faulkes Telescope Project: a network of robotic tele-
scopes which allows visualisation of real astronomical 

images in the classroom. It also provides examples of 
related activities (http://www.faulkes-telescope.com/)

Galaxy Crash: simulator of galaxy collisions, allow-
ing the comparison of predictions made by students 
(https://www.golabz.eu/lab/galaxy-crash)

Vcise: Drosophila Melanogaster Genetics Experiment, a 
virtual lab applying genetic principles to vinegar flies 
and observing the results of modification of hereditary 
patterns (https://www.golabz.eu/lab/vcise-Drosophi-
la-melanogaster-genetics-experiment)

 

EDUCATIONAL VIDEO GAMES

...BEYOND THE OBJECTIVE OF 
MOTIVATING AND INVOLVING 
STUDENTS DURING LESSONS, 
VIDEO GAMES SHOULD BE USED 
FOR THE PUPILS TO IMITATE 
THE CONTEXT IN WHICH SCIEN-
TISTS AND ENGINEERS WORK.

OBJECTIVES

Many types of video games can be used in 
science, technology and mathematics class-
rooms, including arcade, sandbox, quiz, strat-
egy, simulation and target practice games … 
Their educational value resides in the focus 
given to them. Experts distinguish between 
video games that aim to improve classroom 
dynamics and those focusing on doing better 
science.

In the STEAM sphere, pupils can use video 
games to learn how to do science, that is, to 
practice three aspects of scientific practice: 
modelling, inquiry and argumentation.

Thus, beyond the objective of motivating 
and involving students during lessons, pupils 
should use video games to imitate the context 
in which scientists and engineers work.
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Without discounting the value of other kinds 
of video games, the ones that are most closely 
aligned with the premise of emerging trends 
in science education, captured in educational 
standards like K12 Next Generation Science 
Standards (NRC, 2012), are games that pose an 
intellectual challenge. Pupils must solve the 
problems by building a model or an explana-
tion, often acquiring new skills along the way. 
The reward systems built into the games sim-
ulate the social context of scientific practice.

TIPS FOR USING EDUCATIONAL VIDEOGAMES IN 
THE CLASSROOM

• Consider at what point in the didactic 
sequence to introduce the video game. 
The great variety of existing video games 
makes it possible for teachers to use dif-
ferent types for working different aspects 
of the scientific context. So, the teacher’s 
task is to correctly sequence the use of the 
video game to make it a meaningful part of 
the learning process, whether it is used in 
the moment of inquiry, the framing, or in 
the application of knowledge.

• Ensure a simple initiation. All pupils 
will have to be able to master at least 
some of the video game, and henceforth 
the teacher will have to facilitate progress 
through more complex stages. There are 
video games allowing gamers to advance 
through different levels as they acquire the 
skills for solving more complex models or 
finding more elaborate answers and expla-
nations.

• Combine online and offline activities. 
Evidence in didactics research shows that 
students learn less when using only online 
technologies or digital tools than when 
they combine on- and offline activities, 
like paper and pencil activities or hands-on 
practical experiments.

 
CONSIDERATIONS BEFORE IMPLEMENTATION

Teachers should consider aspects related to 
the video games themselves as well as the 
aims of the activities. Experts highlight the 

following:
• Use of rewards. Although the objective 
of the video game is competitive, rewards 
cannot be linked to a traditional teaching 
paradigm. Strategies recreating the con-
ditions of people doing research could be 
developed. For instance, as the game ad-
vances, participants could win points to-
wards obtaining materials for use in the 
school lab practicals. 

• Elaborate solutions. Players should not 
be able to win the video game using a sim-
ple Internet search, but by giving complex 
answers that lead to other questions.

• Not focusing on purism. Pupils should 
be able to advance in the video game 
without having to use specific language or 
knowledge. It is more important that stu-
dents be able to structure and relate con-
cepts than to know a certain vocabulary.

Importance of pupils’ previous background. 
Students frequently think of possible solu-
tions, which are often incorrect or ambiguous, 
and the video game should help to reformu-
late these concepts.

There are a number of digital platforms gath-
ering different video games, many of which 
can be played online, thus facilitating their 
use in any space in the school centre where 
students have access to an Internet connec-
tion and a device.

RESOURCES

Brain Pop: website dedicated to the use of digital tools 
in education, presenting different resources like video 
games and simulations classified by themes. All are ac-
companied by teaching suggestions and complementa-
ry material (https://www.brainpop.com/)

Physics Games: set of games based on physics and with 
different degrees of complexity (http://www.physics-
games.net/)

Dragon Box: portal with different computer and mobile 
applications of online games that can be downloaded, 
for a fee (https://dragonbox.com/)

Funbrain: website offering hundreds of educational 
video games, plus books, comics, and videos for work-
ing on maths and solving problems, among other activ-
ities (https://www.funbrain.com/)
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PRACTICAL EXAMPLES

Bridge Builder (Physics Games): video game where 
players must act as if they were engineers  designing 
and building a bridge for a truck to arrive at its desti-
nation (http://www.physicsgames.net/game/Bridge_
Builder.html)

Guts and Bolts: video game where players work through 
several screens, making an anatomical model related to 
circulatory, respiratory and digestive systems (https://
www.brainpop.com/games/gutsandbolts/)

Geniverse lab: game allowing the pupils to plunge 
into the study of genetics and heredity by feeding and 
studying virtual dragons (https://learn.concord.org/
geniverse)

 

LOW-COST EXPERIMENTATION

LOW-COST EXPERIMENTS CAN 
BE DONE FROM ANY SUBJECT 
PERSPECTIVE AND CAN BE AP-
PLIED AT ANY MOMENT OF THE 
DIDACTIC SEQUENCE.

OBJECTIVES

There are two main objectives for using this 
kind of technology in the classroom: first, to 
do science (inquiry and experimentation), 
with the added value that experiments are 
done easily, occupy little space, are low cost 
and can be done at home. The second objec-
tive is to involve pupils and encourage them 
to practice science.

However, each experiment should also have 
its own specific objectives, which will shape 
the derived activities. This design will link 
low-cost experimentation to a greater or less-
er extent with different scientific and techni-
cal disciplines. 

Low-cost experiments can be done from any 
subject perspective and can be applied at any 

moment of the didactic sequence. At the be-
ginning of a lesson, these experiments can be 
used to elicit hypotheses about a certain phe-
nomenon or to stimulate their curiosity. Other 
times, the experiments can fall in the middle 
of the sequence to explore what is happening 
or to predict what will happen. At the end of a 
lesson, experiments can be done after explain-
ing a certain part of the curriculum by asking 
the students to interpret the results of a low-
cost experiment with the acquired knowledge. 

Doing a low-cost experiment in the classroom 
does not, in and of itself, teach students to be-
have like scientists. It is the teacher’s job to 
help students learn these skills by properly 
designing activities related to the experiment. 
Rather than providing the class with a pre-pre-
pared, closed protocol to be reproduced, 
teachers should encourage pupils to formu-
late questions about how and why something 
works.

TIPS FOR USING LOW-COST EXPERIMENTATION 
IN THE CLASSROOM

• Get motivated. Teachers must be moti-
vated to conduct these experiments with-
out fear of malfunctions. This can be pro-
moted through previous training to learn 
new experiments. Online resources on 
low-cost experimentation can also be con-
sulted.

• Ration their use. Sometimes, students 
continually ask to do experiments, but 
teachers should only use them to achieve 
pre-defined learning objectives.

• Design clear activities. For pupils to 
become familiar with practicing the scien-
tific method, activities should be designed 
in a very clear way to work different con-
cepts, like hypothesis, conclusions, valida-
tion, etc. 

• Seek flexible spaces. Although there 
are no big technical requirements to con-
duct these experiments, classrooms should 
have the flexibility to adapt the space to 
the needs of the experiment (tables and 
chairs not fixed on the floor). A few experi-
ments can even be done outdoors.
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CONSIDERATIONS FOR IMPLEMENTATION

Low-cost experiments are offline and can be 
applied to any level of secondary education, 
although each involves a different level of in-
terpretation, depending on the difficulty of 
the contents worked on during each stage. 

• Do a trial run. Experts recommend 
teachers test the experiment before carry-
ing it out in the classroom with the pupils.

• Use them frequently. This kind of ex-
periment should be done regularly so that 
pupils develop the necessary habits and 
understand the norms that will eventually 
allow them to work independently. Stu-
dents should work in small groups of 2 to 
4 people.

• Design a suitable sequence for the ac-
tivity. Low-cost experiments should not 
simply replicate protocols previously facil-
itated by the teachers; instead they have 
to allow students to reflect on how to carry 
out a certain demonstration, thus facilitat-
ing meaningful learning. 

• Produce results. It is important that 
students produce a digital or hard-copy 
record, where they can think about the ex-
periment and avoid understanding it as a 
simple game. Any number of final products 
can be produced: from an assignment with 
closed questions to a lab notebook where 
all the experimental steps are written.

• Perform a final assessment. The final 
assessment should serve two purposes: 
first, it should evaluate the pupil’s interpre-
tation and academic progress, and second, 
it should examine whether the experiment 
works. Experts recommend asking the pu-
pils to assess the experiments conducted 
during the academic course. In this way, 
teachers can obtain very valuable feed-
back, letting them know whether certain 
aspects or their approach to the experi-
ment should be rectified.

RESOURCES

Poppe, N., Markic, S, Eilks, I. Low cost experimental 
techniques for science education (2010). [pdf] TEMPUS, 

European Commission. Available at: http://www.idn.
uni-bremen.de/chemiedidaktik/salis_zusatz/materi-
al_pdf/lab_guide_low_cost_experiments_englisch.pdf 
[Accessed May 2018].

PRACTICAL EXAMPLES

Microecol: collection of information and examples of 
low-cost chemistry (https://www.microchem.de/) 

Science Kids from New Zealand: videos with experi-
ments of Science and technology for youngsters (http://
www.sciencekids.co.nz/videos/experiments.html)

 

3D PRINTING

EXPERTS RECOMMEND HAVING 
A 3D PRINTER IN THE CLASS-
ROOM TO ENABLE COLLABORA-
TIVE WORK WITH DIFFERENT 
DEPARTMENTS, EMPLOYING A 
TRANSVERSAL VISION OF THE 
ACTIVITIES AND PROJECTS.

OBJECTIVES

The potential to use 3D printing as a tool in 
STEAM education is enormous, since this tech-
nology enables linkages between different 
disciplines, including engineering, technolo-
gy, mathematics, artistic expression, biology 
or chemistry. However, teachers must under-
stand that the main objective must be for the 
pupils to design their own object to be print-
ed. In this way the pupils:

• answer a certain need, including one 
proposed by the teacher (for example, to 
create a decorative object for the room, 
compete in a contest for designing objects 
related to the school, or obtain pieces for 
building a robot or another electronic de-
vice);

• test the viability of their designs, be-
cause often the pupils tend to design ob-
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jects that 3D printers cannot print. By try-
ing it out, they will be learn how technical 
limitations affect engineering or research 
projects;

• learn to make models, as they will have 
to express their ideas and make drawings 
with the support of suitable software.

For all these reasons, the consulted experts 
agree that 3D printing is a good classroom re-
source for science and technology.

TIPS FOR USING 3D PRINTING IN THE CLASSROOM

• Familiarise students with the design 
software. Pupils should start at the early 
stages of secondary school to familiarise 
themselves with the use of software for 
designing things to be printed, like Scratch. 
Curricular continuity should ensure that as 
pupils move forward in the courses, their 
needs be met with printable objects. 

• Play a guiding role. Teachers will be in 
charge of proposing activities to encour-
age pupils while also favouring their in-
dependence, while at the same time ana-
lysing whether the presented designs are 
viable and fit the lesson objectives. Some 
margin for error must be allowed for pu-
pils to realise their mistakes on the design 
once printed.

• Diversify activities. Experts suggest 
putting into practice different kinds of ac-
tivities linked to the established objective. 
There can be activities like contests, where 
the winners are chosen by their classmates 
based on their design and get to print out 
the object to be given as a present to the 
school. Another possibility could be mak-
ing printing part of a larger robotics project. 
The usefulness of 3D printing for working 
jointly with other disciplines, for instance 
mathematics when visualising or calculat-
ing geometrical figures, can be explored.

• Use both individual and collective 
work. Pupils should start working alone 
in the first stages, to get familiar with the 
software. Later, task-based activities and 
more complex work can be done in pairs, 
and for even larger projects, groups of 4 or 

5 people are better so that pupils can share 
ideas and abilities.

CONSIDERATIONS FOR IMPLEMENTATION

3D printers are delicate and expensive devic-
es: pupils should not be responsible for their 
maintenance, even though it could be super-
vised by the teachers. The goal of activities 
with 3D printers is that pupils take part in the 
process preceding their use, rather than recep-
tively learning the mechanics and functioning. 
However, teachers can ask for their pupils’ col-
laboration to do the file transfer to the printer 
so that they participate in the whole process.

Even though the notions for using 3D printers 
can draw from subjects closer to engineering 
and technology, the teachers of other subjects 
could also make use of it for their own activi-
ties. 

Finally, with regard to more technical aspects, 
teachers should follow several precautions, 
like using a suitable plastic for each kind of 
printer and avoiding blows or brusque move-
ments that will cause an imbalance in printing.

RESOURCES

Create Education: website from the United Kingdom 
offering resources for implementing 3D printing in 
the classroom, both in primary and secondary school 
(https://www.createeducation.com/resources-land-
ing/)

3D printers in schools: uses in the curriculum; a re-
port by the British Government about a study intro-
ducing 3D printers in 21 schools (https://www.gov.uk/
government/publications/3d-printers-in-schools-us-
es-in-the-curriculum)

PRACTICAL EXAMPLES

Project on the creation of a molecule for a bi-
ology classroom (https://ultimaker.com/en/re-
sources/50531-ap-biology-capstone-project)

Fabrication of a chess game in 3D (https://ultimaker.
com/en/resources/50520-checkmake-3d-printed-
chess-set)

Creation of a stamp and a ceramic box in 3D (https://ul-
timaker.com/en/resources/50534-3d-printed-pattern-
stamp-ceramic-box)
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Creation of 3D silhouettes with Photoshop (https://ulti-
maker.com/en/resources/50530-creating-a-3d-silhou-
ette-using-photoshop)

 

OPTICS AND PHOTONICS

THE COMPLEXITY SURROUND-
ING THE PHENOMENON OF LIGHT 
MAKES IT IMPERATIVE FOR PU-
PILS TO EXPERIMENT WITH ITS 
PROPERTIES FIRST-HAND AND 
TO HAVE THE OPPORTUNITY TO 
BUILD THEIR OWN MODELS.

OBJECTIVES

Even though light is the manifestation of en-
ergy that provides the most information about 
our surroundings, most of the population has 
erroneous ideas about its nature. This fact is 
not surprising, as light is a complex phenome-
non that is difficult to understand, with physi-
cal parameters that greatly outstrip human ca-
pabilities of perception. According to experts, 
the concepts of light have even been taught 
incorrectly in schools.

Thus, the main objective of carrying out exper-
iments in optics and photonics is to improve 
students’ understanding of light and its prop-
erties. This means that pupils should receive 
comprehensive instruction about light as both 
a wavy and corpuscular phenomenon, which 
explains its interaction with matter both at mi-
cro and macroscopic level. Therefore, the first 
task should be to clarify previous concepts the 
pupils may have about reflection, refraction, 
absorption, dispersion, diffraction or photons, 
among others.

Pupils should learn how to explain daily phe-
nomena, ascertaining what light model they to 
apply (geometric, wavy, quantic) according to 
the event they are analysing. In this way, many 

intuitive – and possibly wrong – ideas that pu-
pils may have had can be corrected.

The complexity surrounding the phenomenon 
of light makes it imperative for pupils to ex-
periment with its properties first-hand and to 
have the opportunity to build their own mod-
els. 

TIPS FOR USING OPTICS AND PHOTONICS IN THE 
CLASSROOM

The curricular content on optics should be 
tailored to students’ cognitive level at each 
educational stage. For instance, at the ear-
ly stages of secondary school, educators can 
work on concepts linked to light as an ener-
gy source (emission, reflection, refraction, 
absorption and detection), whereas concepts 
regarding light as a wavy phenomenon, along 
with geometrical and quantum optics, can be 
introduced at the end of secondary education. 
Experts recommendations for teachers:

• Conduct small research projects on the 
phenomenon to be studied. According to 
the educational level, these can be as sim-
ple as examining the differences between 
pupils’ glasses or analysing the shape of 
cars’ side mirrors. More complex experi-
ments could be based on virtual labs and 
simulators (for instance, to work on the 
types of light sources, ray diagrams, refrac-
tion and reflection laws, the mechanisms 
of vision and polarised light). These exper-
iments must draw from the daily phenom-
ena in students’ lives so that they can bet-
ter grasp the concepts at hand.

• Be very careful with language. Since 
pupils’ previous ideas often differ from 
a scientific vision, their explanations can 
contain language errors hindering learn-
ing. In this sense, experts recommend not 
assuming that students understand certain 
concepts; even if these seem like basic, 
everyday concepts, students may not un-
derstand them, for instance the fact that 
light travels in a straight line.

• Make diagrams and drawings. This is a 
good way to help pupils model the prop-
erties of light, especially geometrical op-
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tics. Optics can often be represented by 
lines, for instance to show the trajectory 
of beams, mirrors or the angles of optical 
laws. This representation can help students 
remember and understand concepts better. 
Diagrams and drawings can also be of use 
for the teachers to see students’ pre-exit-
ing conceptions.

• Work in groups. It is advisable to organ-
ise small work groups so pupils can share 
ideas, debate and help themselves when 
carrying out their research projects.

CONSIDERATIONS BEFORE IMPLEMENTATION

Since optics and photonics link physics to oth-
er disciplines like mathematics (STEAM) and 
allow pupils to work like scientists, experts 
agree that the teachers must have a strong will 
for promoting experimentation in these fields 
from primary school.

Teachers should start with very elemental prac-
tices. For instance, pupils can independently 
deduce the law of reflection by playing with 
mirrors to guide a light beam; just synthesis-
ing these key concepts would not be as effec-
tive in building students’ understanding. In 
general, these practices do not require great 
technical investments, and a few can even be 
done with virtual simulators.

However, experiments alone are not enough to 
teach pupils science: they should be allowed 
to propose experiments, not just reproduce 
the teachers’ given protocols or perform a list 
of activities.

RESOURCES

Costa MFM (2008). Hands-on science. In:  Costa MF, Dor-
río B.V., Michaelides P., Divjak S., editors. Selected Pa-
pers on Hands-on Science. Lisbon: Associação Hands-on 
Science Network, pp. 1-13. ISBN 978-989-95336- 2-2

Tekos, G., Solomonidou, C. (2009).  Constructivist Learn-
ing and Teaching of Optics Concepts Using ICT Tools in 
Greek Primary School: A Pilot Study. Journal of Science 
Education and Technology, 8(5), pp. 415–428.

National Science Teachers Association: website of the 
NSTA where resources about different subjects classi-
fied by levels and themes can be found (http://www.
nsta.org/elementaryschool/)

Atmospheric Optics: website where explanations 
and diagrams about atmospheric optics can be found 
(http://www.atoptics.co.uk/)

PRACTICAL EXAMPLES

Practical Physics: website of the Institute of Physics, 
with different physics experiments, including in optics 
and light (http://practicalphysics.org/)

Optics 4 kids: a selection of different optics experienc-
es to be done at school, classified by ages (https://www.
optics4kids.org/classroom-activities)

Optics: light, color, and their uses. Educator guide. Pub-
lished by NASA, this guide has different experiences 
around optics and light ordered according to the pupils’ 
age (https://www.nasa.gov/audience/foreducators/to-
pnav/materials/listbytype/Optics.Guide.html)

 

NANOTECHNOLOGY

[NANOTECHNOLOGY] GENER-
ATES DEBATE ON RISKS AND 
ETHICAL ASPECTS ASSOCIAT-
ED WITH SCIENTIFIC PRACTICE, 
THUS STIMULATING PUPILS’ 
CRITICAL SPIRIT.

OBJECTIVES

The existing evidence about applying nano-
technology in the classroom states that:

• it is a good model for STEAM since it 
favours breaking down barriers between 
different spheres of knowledge, forcing 
teams to work in a multidisciplinary way, 
with researchers having to improve and 
learn from other fields;

• it allows pupils to be in touch with re-
cent scientific and technical discoveries, 
seeing their impact on everyday life;

• it generates debate on risks and ethical 
aspects associated with scientific practice, 
thus stimulating pupils’ critical spirit;

• pupils are in contact with a more au-
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thentic way of doing and communicating 
science.

TIPS FOR USING NANOTECHNOLOGY IN THE 
CLASSROOM

The consulted experts agree on the following 
tips for implementing nanotechnology:

• Accompany it with as many practical 
activities as possible. Nowadays, some 
teachers’ resource centres have kits with 
school materials for carrying out low-cost 
experiments (with dice, effervescent pills, 
etc.).

• Use nanotechnology to explain com-
mon science. For instance, when working 
on magnetism, teachers can make use of 
the ferrofluid properties; on optical prop-
erties, they can use gold without the ex-
pected colour; and on biology or chemis-
try, they can link their work to the biocide 
capacity of silver. 

• Start with daily problems or situations. 
Ask the class about the state of the art in a 
particular subject, for example, treatment 
for a particular kind of cancer, and find how 
nanotechnology might help, thus promot-
ing pupils’ interaction with their environ-
ment.

• Take advantage of Internet resources, 
whether they are didactic videos or aug-
mented reality, that helps pupils under-
stand and visualise the world of nanotech-
nology.

• Complete classroom activities with 
visits to research centres and laboratories.

CONSIDERATIONS BEFORE IMPLEMENTATION

The use of nanotechnology as a classroom 
resource entails specific teacher training in 
this field. This training should be practical as 
well as technical, providing teachers with the 
knowledge they lack owing to the discipline’s 
emerging nature. At the same time, teachers 
should obtain practical examples and use 
them in the classroom.
It is also advisable to strengthen pupils’ work 

in small groups of 4 to 6 people, who create a 
final product in the form of a video or scientif-
ic poster where they have applied their skills 
in digital tools, communication and synthesis. 

On a technical level, nanotechnology activ-
ities do not present great requirements be-
yond a school lab and computer devices.

RESOURCES

Statnano: Nano Science, Industry and Technology Infor-
mation: indicators and statistics about nanotechnology 
development on a global level (http://statnano.com/)

National Nanotechnology Initiative: educational ma-
terial and other initiatives related to nanotechnology 
from the US government (http://nano.gov/)

Nanopinion: website with examples of activities and 
videos about nanotechnology and teacher training 
(http://nanopinion.archiv.zsi.at/en/education.html)

PRACTICAL EXAMPLES

Nanozone: examples of activities about nanotechnolo-
gy (http://www.nanozone.org/teachers.htm) (examples 
of activities about nanotechnology) 

Nanokomik: multidisciplinary and international project 
about collaborative creation for disseminating nano-
technology through comics (http://www.nanokomik.
com/index.php/en/).
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INTRODUCTION

Integration of subjects and moving towards 
more holistic approach to teaching and learn-
ing has been something that has been seen as 
an important shift in schools in recent years. 
Integration of subjects allows us to cross the 
lines between different subject-matters and 
emphasize unifying concepts instead. This 
document will give you a step by step guide-
line to think through the integration process 
both on school and classroom level. You can 
also find some templates and examples to find 
inspiration. 

First, let’s take a look why is it important at 
all to move towards integration between sub-
jects? School leaders and teachers are saying 
that integration between subjects is impor-
tant because: 

• In real-life people are solving bigger 
and complex problems than ever. And 
schools do not stand separate from real 
life. We need to prepare our children to 
tackle those challenges and to do that they 
need knowledge and skills from different 
subjects. Integrated studies foster a way of 
learning that models real life.

• Integration between subjects helps to 
decrease learning load because students 
can learn same or very similar themes from 
different subjects together. Teachers, pu-
pils and parents are often complaining that 
curriculum is overloaded. Yet, when teach-

ers actually work together and integrate it 
all becomes more coherent and compact. 
In addition to that, students actually have 
time to learn one phenomena or concept 
more deeply. 

• Integration between subjects is often in 
essence a project-based learning process. 
This makes learning interesting and practi-
cal - students are motivated, they work as 
a team, use ICT, used learning and teaching 
methods are engaging, active and similar 
to real-life context etc. Teachers say that 
during project-based learning process they 
have more time to work individually with 
learners. Also, students can focus more on 
things that they are interested in, use their 
past knowledge and be supported in their 
personal development etc. 

• Integration between subjects gives op-
portunity for students to create their own 
personal and meaningful learning experi-
ences in different situations. They will re-
member things better, make real life con-
nections and transfer knowledge more 
easily to different real life situations. 

• Creativity, critical thinking and collab-
oration are highly valued skills. When it 
comes to fostering those skills in the class-
room integrated studies are extremely ef-
fective approach helping students develop 
multifaceted expertise and grasp the im-
portant role interrelationships can play in 
the real world (edutopia.ee).
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SCHOOL LEVEL - IMPORTANT 
QUESTIONS FOR THE MANAGE-
MENT

To start with the integration process in your 
school it is important first to take time to ana-
lyze and plan things on the organizational lev-
el. This will support teachers in their work and 
makes the change sustainable and the whole 
process more effective.

Questions for discussion on management lev-
el:

• Why do you want to integrate subjects 
in your school? What is your reasoning be-
hind it and how does it relate to schools’ 
vision and pedagogical concept?

• What are the main obstacles that have 
held you back so far? What are the issues 
that need to be addressed and how to do 
that? This can be time, environment, lack 
of skills, content, learning tools, resistance 
from teachers and/or parents etc.

Some examples how to deal with different 
challenges:

• some schools have time for teachers co-
operation every week 1-2 hours. It is time 
for planning projects and making prepa-
rations, sharing experiences and ideas.  
This requires that this time is consciously 
planned in teachers workload.  

• many schools are organizing visits to 
other schools so teachers can visit lessons 
and get new ideas and tips from their col-
leagues. 

• often teachers do not have good ex-
amples and materials to start with the in-
tegration process and they have to create 
their own. This needs time and skills. It is 
useful to create opportunities for teachers 
to share the materials with colleagues. You 
can create idea banks, Google Drive fold-
ers or paper folders with materials which 
teachers use together or give to next teach-
er in the end of the school year.

• it is helpful to think through the learn-
ing environment - if possible provide big-

ger classrooms, opportunities to divide 
students to work in smaller groups or in-
dividually.  Usually it is beneficial to have 
two or more subject teachers in the class-
room in the same time so they can share 
responsibilities.

• Who will start the integration process? 
Is this the decision and initiative of the 
management staff or teachers themselves? 
If this is not teachers’ initiative, how do you 
motivate and encourage teachers to do it?

Some examples and ideas:

• when the decision is made by school 
leaders it is very important to plan and sup-
port the implementation process with care. 
Changes always bring forth resistance and 
not all teachers may be on board with the 
idea at first. It is important to think through 
how to engage everybody, create shared 
meaning and vision and provide enough 
support during the implementation.

• when the idea to integrate subjects 
is initiated by the teachers they are most 
likely already motivated to do things differ-
ently. In this situation school leaders need 
to support their initiative and provide all 
the help, resources, time to support teach-
ers work. This means taking care of some 
schools level matters: flexible lesson plans 
or use of space, buying new materials, give 
permission for having study trips, explain-
ing new approach to parents etc. 

• Who is in charge of this project among 
management staff and/or teachers? Teach-
ers should not be left alone during this 
process. They need support from the be-
ginning till the end. As mentioned before, 
giving your full support to your team is es-
sential to have great results, effective co-
operation and dedicated teachers.

• What kind of prior knowledge and ex-
perience do teachers have? What are their 
strengths and also weaknesses? It is impor-
tant to know your team and make sure that 
everybody’s can contribute based on their 
strengths.  

• How do you decide what should be the 
output/aim of the learning journey?
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• To what extent and in what class will 
the integration of subjects be implement-
ed? Why? You can have one integrated 
module or project per year, one shared les-
son, integrated syllabi, general studies etc.

• Is the teaching process flexible when it 
is necessary? Who helps to rearrange the 
timetable or subject topics if needed? Is it 
possible to do studies in field and organize 
learning process elsewhere than in a con-
ventional classroom? Do teachers have an 
overlapping time for working together? Is 
it possible that two teachers work in the 
same time in the classroom?

• Can you visit other schools and talk to 
school leaders who have been practicing 
integration between different subjects 
already and can share their experiences? 
It is even better if you will be able to fol-
low the learning process for a longer time. 
Teachers like practical tips and they trust 
their colleagues. This also helps to get ide-
as that can be afterwards implemented at 
your school. Things cannot be copied but 
can be adopted and done in a similar way. 
It saves time and often ensures positive ex-
perience.

CLASS(ROOM) LEVEL. STEP BY 
STEP GUIDE FOR TEACHERS

1. Think about the topic. It would be good 
to write down and then share your thoughts 
with other teachers: what are the attitudes, 
knowledge and skills that a student needs 
to learn in your subject to be able to suc-
ceed?

Time: 15-20 minutes (for presentations 
take 2-3 minutes for each person)

2. REad your subject national syllabus. 
Same subject teachers can do it together. 
Do you see opportunities for integration? 
Write down on a separate paper all differ-
ent options that you have. It’s good to be as 
specific as possible. All thoughts are good, 
do not choose between them, just write 
every thought on the paper.

Time: 30 to 45 minutes

3. Read through some strategic docu-
ments or research articles and discuss 
these with colleagues (and parents, pu-
pils). It is important to see wider perspec-
tive. For example: PISA, TALIS, European or 
national strategy/policy or developmental 
plan, visions for future, etc.

4. Read at least 1-2 other national sub-
ject syllabuses which you do not teach 
yourself. Same subject teachers can do 
it together. Do you see opportunities for 
integration with different subjects? High-
light if something coincides with your sub-
ject. Write down on a separate paper all 
different ways for integration. It’s good to 
be as specific as possible. All thoughts are 
good, do not choose between them, just 
write every thought on the paper.

Time: 30 to 45 minutes

Brainstorming: Use post-it papers. 7 min-
utes individually, 3 minutes together. 
Theme: Give ideas for integration between 
subjects! All ideas are good, at first do not 
criticize! Be creative! 1 post-it and 1 idea! 
The layout of post-it papers are not impor-
tant! Make sure that everyone offers ideas. 

5. Introduce your ideas to other teachers. 
Do you have overlapping ideas? Note: If 
you have any new thoughts/ideas during 
the presentation write them down, maybe 
you will need them later.

Time: For each person / group, minimum 
5 minutes

6. Based on presented ideas create new 
teams. Good, if there are at least 3 differ-
ent subject teachers in one group. Elemen-
tary school teachers could be grouped to-
gether with subject teachers, that are also 
involved in teaching their students.

Time: about 10 minutes

7. Choose a common topic that overlaps 
in different subjects. Or for example, write 
down topics that are addressed during par-
ticular time period (for example October). 
Is it possible to be flexible with the order 
that topics are allocated?

8. Read together the general part of the 
national curriculum (general competenc-
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es, cross-curricular topics). Find links to the 
selected topic.

Time: minimum 20-30 minutes

9. Make cooperation agreements with 
teachers. This may seem pointless in the 
beginning but in reality, it is extremely im-
portant to establish communication agree-
ments and share your expectations before 
potential problems arise. People and their 
work cultures are different. So, it’s very im-
portant for communication to work!

Time: minimum 30-40 minutes

Some possible aspects of cooperation agree-
ments in the team

• Who is involved with the module? What 
is the role of each team member?

• What are the strengths, knowledge and 
preferences of each team member?

• How and how often does the team in-
teract with the module?

• How are external experts, advisers and 
helpers used in the module?

• How are decisions made?

• How are changes made to the module?

• How are disagreements resolved?

10. Choose which type of integration op-
tion / level you will be using.

Time: minimum 15 minutes. If this is done 
step by step it may take up to several hours, 
depending on how in depth things are dis-
cussed. If the group agrees you can fill lev-
el 1 first, then level 2 and 3 in order to get 
more perspectives.

Level I / Option 1: Topic-based (multidiscipli-
nary)

Common topic is chosen. Different subjects 
address that topic. There are no common tasks 
in different subjects. Each teacher can do 
whatever he/she wants and how he/she wants 
(there should be no restrictions). There can 
be situation that other teachers do not know 
exactly what others are doing or how deeply 
they deal with that theme. 

Example: The topic is medieval time, that is 
thought in 7th grade. During history lessons 
students learn about medieval European cit-
ies. During music lessons students learn about 
medieval and church music. Medieval litera-
ture is the topic of Estonian language classes 
and during math lessons teacher talks about 
medieval units of measurement etc.

Level II / Option 2: Interdisciplinary

Common topic is chosen. Different subjects 
address that topic. There are common tasks in 
different
subjects. Other teachers do know exactly what 
others are doing or how deeply they deal with 
that theme. 
They plan together learning process and tasks. 
Not only every subject knowledge-based out-
comes are important, but also concepts and 
skills. Mostly these tasks are not real-life con-
text based (but just task: make poster or map). 

Example: In 5th grade science pupils learn 
food chains. So, in art lesson pupils draw dif-
ferent animals and plants. In science lesson 
pupils use drawings to make different food 
chains.
Example: In 6th grade history pupils learn 
about ancient Greek, in literature lesson pu-
pils read ancient Greek mythology, in art les-
son and music they also learn same theme. 
They have common bigger tasks.

Level III / Option 3: Transdisciplinary

Substantive, practical and vital output, gen-
erally in the form of project learning. Gener-
ally, students work in groups. Important are 
general competences and the necessary skills 
for the future work. However, the learning out-
comes of different subjects are also acquired.

Example: 9th grade students create within 
two months a student company, whose prod-
ucts (for example, made of chocolate) are sold 
to the school community on the Christmas 
fair. During the fair students have to introduce 
their products in various foreign languages 
(for example, Russian, German, English) and 
in their own language (Estonian). For this they 
have to design advertisements and write bro-
chures for product promotion or make a video 
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(this is done during mother tongue and for-
eign language lessons). 
During mathematics lesson students learn 
how to create a budget (including, for exam-
ple, learning to understand how to calculate 
labor costs). Work and technology studies in 
cooperation with art and 
computer science classes will help to design 
and manufacture packages for the product. 
During art lesson students create logos for 
their company. In cooking class, they learn 
how to make chocolate and try different rec-
ipes. During chemistry classes they make 
experiments with chocolate (cocoa). Geog-
raphy, civic education classes (fair trade, hu-
man rights) and English lessons (documentary 
about child labor) contribute to learning about 
cocoa route from Africa to Europe and issues 
related to that. A visiting/quest teacher (en-
trepreneur) will introduce his profession to 
the pupils. In addition, there are lessons di-
rectly linked to creation of a student company 
(for example team building, target group se-
lection, product related polls, product selec-
tion, company name selection, summarizing 
and feedback etc.)

11. Discuss with subject teachers and an-
swer key questions

Key questions before starting to work with the 
module:

• Why is this module needed?

• What is the content of the module? (short 
description)

• What is the purpose / goals of the mod-
ule?

• What is the expected result?

• What is not included in this module, even 
if it is easy to do?

• What kind of module is this? (e.g. explora-
tory, design, expressive, combination, etc.)

• What is the motivation to get started?

• When will the activities of the module 
take place? (time frame)

• Where does the module take place? In 
what rooms?  In what learning environ-
ments?

• What tools are needed to successfully 
complete the module? (e.g. equipment, 
tools, materials, financial resources, tech-
nology, online tools, books, human re-
sources, etc.)

• How is the module evaluated? (module 
quality and outcome, learning outcomes, 
effectiveness of project methods)

• What are the risks associated with the 
module? (events or factors that may slow 
down or affect the module)

12. If you are using an interdisciplinary 
or transdisciplinary approach, then think 
together how to assess students’ achieve-
ments. This is especially important for 
common tasks as students (and also teach-
ers) must receive feedback on learning 
outcomes. Students should also be given 
the opportunity to make their own assess-
ment as it supports the learning process. 
When it is possible then students should 
be included in the creation of evaluation 
criteria and these criteria must be present-
ed along with the goals in the beginning of 
the module. 

In addition to creating an action plan, before 
starting studies/module students must un-
derstand what exactly is being measured in 
their performance and what are the criteria for 
good performance. To answer these questions 
it is appropriate to use assessment rubrics (for 
examples look here).

The assessment rubric must clearly and com-
prehensively describe the expected learning 
outcomes and be understandable to both 
students and parents. Students should be in-
cluded in creation of this. The rubric helps 
students concentrate on informed learning, 
supports them during learning process and is 
student self-assessment and peer assessment 
tool.  The rubric gives learner tools that can 
help them achieve better learning outcomes.



66

5 steps for using assessment rubric

1. Instruct students to use self-assess-
ment rubric during their assignments. 
When students do their work remind them 
to follow the evaluation model.

2. Give students opportunity to evaluate 
performance of a co-learner.

3. Give feedback based on rubrics and 
then allow to improve their performance.

4. Allow students to make self-assess-
ment using rubric after completing his or 
her task.

5. Assess performance based on the as-
sessment rubric.

13. Summary and feedback. What went 
well? What should be changed? Ask feed-
back from students. What can be different 
next time. What they thought was useful 
and interesting.
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IT TAKES A VILLAGE TO  
RAISE A CHILD.
AFRICAN PROVERB    

For supporting all-round growth of youth and 
the development of their key competences 
for lifelong learning, schools are not alone. 
Various organisations are looking for ways to 
contribute. Schools as the principal hosts of 
young people’s learning process can harness 
that will and openness - to build relationships 
and cooperation that makes a difference for 
students.
  
No matter where your school stands on coop-
eration with businesses and NGOs right now, 
we are convinced there is more to explore and 
gain. We invite you to use these guidelines to 
assist you in this undertaking in whatever way 
you find helpful.

NB To be kept in mind: the ethics of working 
with children, youth and schools. This is the 
bit that you as a school representative need 
to be in charge of. In case of sensitivity, think 
twice and, where necessary, consult with ap-
propriate parties.
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(RE)THINK ABOUT THE ‘WHY’ - 
HOW DO YOU MAKE IT WORTH 
YOUR AND THEIR WHILE

Real, honest and shared reasons for coopera-
tion make up the foundation. Be clear about 
what do you want to achieve and what is im-
portant for your cooperation partner.

First, the big ‘why’. When we are all occupied 
with what we do already, why to invest ener-
gy into furthering cooperation between our 
school and businesses and NGOs in our com-
munities? This is one of the key questions. The 
answer - and your school’s own specified un-
derstanding / vision in this field - is something 
you should clarify on among teachers and 
leadership  as it will serve as your key driver.

From the general point of view, these ideas 
may serve to spark off your reasoning:

• Your students need exposure to people 
and organisations in the society - for their 
inspiration, motivation, career planning 
and furthering their first-hand understand-
ing of how the world works;

• Cooperation between your school staff 
and businesses and NGOs can help to link 
academic concepts with ‘real life’ in a way 
that can never be achieved by school alone;

• Making effective use of extra oppor-
tunities, knowledge, skills, networks and 
resources that are there in the community 
- for the benefit of the students (and also 
teachers!);

• Keeping school life in tune with other 
parts of the society - to understand the ex-
pectations and the changing role for edu-
cational institutions inside it.

You may also build and use some guiding 
questions such as these:

• What are the needs of your students 
right now? (you can go rather particular 
here, outlining the needs of specific stu-

dent groups and also go down to individual 
students)

• What are the needs of your teachers so 
that they could create better learning en-
vironment for their students? (same here: 
you may want to include particular groups 
of teachers or individual teachers - what 
would help them flourish further)

• What are the needs of your whole 
school in order to carry out its role better? 
(here you might also want to look at your 
school development plan)

FOR IDENTIFYING THE NEEDS IN YOUR SCHOOL, 
YOU MAY WANT TO LOOK AT YOUR SCHOOL’S DE-
VELOPMENT PLAN, INTERNAL ANALYSIS DOCU-
MENT OR OTHER ANALYSES ABOUT YOUR SCHOOL, 
OR CARRY OUT A SURVEY. 

So, cooperation in itself is not a goal - it is 
a ‘tool’ to achieve something else. Howev-
er, during the process - in order to have this 
‘tool’, it might need to be a goal in the short 
term. That is why it is very important to look 
at the ‘whys’ also from the point of view of 
your potential cooperation partners. Un-
derstand their side of the story and and help 
them to meet their goals, if agreeable. Find-
ing common ground is crucial - for both sides 
to achieve what is important. Find out what 
drives the organisations to cooperate with 
(your) school. Use this information to support 
their interest and take it into account also in 
the design the processes of working together. 

Some common rationale for other organisa-
tions to cooperate with educational institu-
tions may be the following:

• Contributing to the development of the 
society, investing in better education (here 
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the word ‘better’ will very likely mean dif-
ferent things for different people and or-
ganisations - for example more financial 
literacy for some, for others more focus 
on critical thinking or entrepreneurship or 
teamwork or practical approach etc);

• Raising the organisation’s profile / 
brand awareness / attractiveness as an em-
ployer;

• Motivating employees with new oppor-
tunities and challenges, enhancing team-
work;

• Improving communication / presenta-
tion / mentoring / … skills of the employ-
ees.

FOR UNDERSTANDING THE NEEDS OF YOUR PO-
TENTIAL COOPERATION PARTNERS, CHECK THEIR 
VISION AND  MISSION STATEMENTS, THEIR VAL-
UES AND AVAILABLE PLANNING DOCUMENTS. 
SEEK OUT INFORMATION ABOUT THEIR PREVIOUS 
PROJECTS WHERE POSSIBLE. 

Think how you can help your potential coop-
eration partners reach their goals by letting 
them help you; look for common and / or 
complementary themes, win-win solutions 
and potential synergies. The ‘why’ for coop-
eration needs to be there for both sides.

(RE)THINK ABOUT THE COOPER-
ATION PROCESS

Here you can find the overview of the basic 
cooperation steps. Based on your willingness 
and needs, you can go deeper with some of 
them, or further outline activities for each 
stage. Here you can also think about your own 
and your organisation’s particular style and 

way you want to do things and how you might 
want to improve what you do already now. 

1. IDENTIFY THE POTENTIAL COOPERATION PART-
NERS
What kind of businesses or NGOs would you 
like to partner? What do you want in a part-
ner? What are the businesses, NGOs and oth-
er organisations that your students are most 
interested in? Where are your students’ par-
ents working?  There may also be a number 
of education related NGOs that are specialis-
ing on working with schools or specific initia-
tives and programs that are targeted to chil-
dren and youth. With these kinds of partners, 
it may also be that they have already worked 
out some standardised processes for you to 
follow.

FOR IDENTIFYING POTENTIAL COOPERATION 
PARTNERS, YOU MAY START THINKING ABOUT 
THE ORGANISATIONS WHERE YOUR STUDENTS’ 
PARENTS WORK. ALSO, WHICH ARE THE ORGAN-
ISATIONS IN YOUR NEIGHBOURHOOD? WHICH ARE 
THE ORGANISATIONS IN YOUR OWN AND YOUR 
COLLEAGUES’ NETWORK? DO YOUR RESEARCH 
AND ASK AROUND FOR SUGGESTIONS. IT MAY 
MAKE SENSE TO START FROM INVOLVING YOUR 
CLOSEST STAKEHOLDERS (E.G) PARENTS OR 
EDUCATION-SPECIALISED STAKEHOLDERS, AND 
THEN GROWING YOUR CIRCLES WIDER STEP-BY-
STEP. 

    
2. MAKE CONTACT
     
Write, call and/or visit the potential coopera-
tion partners. In most cases it is a good idea to 
follow up your e-mail with a phone call, and 
meetings are the best for creating a more per-
sonal connection and deeper-level discussion. 
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Here it is also the place to bring up and clarify 
the initial ‘whys’ of your cooperation and set 
the basic common ground and goals. 
     
3. DEVELOP PARTNERSHIP CONTENT

For further development of the partnership 
content, first determine who should be in-
cluded in the details’ development from both 
sides. Make sure to involve soon enough the 
team members who will need to execute and 
support the activities so that they develop 
necessary ownership. Planning the activities 
together will create more committed engage-
ment for carrying out the plan. It will also min-
imise misunderstandings and problems dur-
ing the implementation phase. 

Then, work on the content and develop the 
goals (what would success look like?) and the 
action plan. And, very important! Set also the 
process of how you will all work together, re-
view the progress and communicate to each 
other - e.g. how often will you meet, in case 
of questions is e-mail or calling preferred etc. 

IT IS IMPORTANT TO KEEP YOUR PLAN REALISTIC 
AND IN GOOD MATCH WITH YOUR CAPACITY. THINK 
HOW MUCH TIME YOU AND YOUR COLLEAGUES 
HAVE AVAILABLE, ASSESS YOUR SKILLS’ LEVEL 
THAT IS NECESSARY FOR CARRYING OUT THE 
TASKS AND SEE THAT YOU WOULD HAVE ACCESS 
TO THE NECESSARY RESOURCES. WITH A NEW 
PARTNER AND A COMPLETELY NEW PROJECT, IT 
MAY BE A GOOD IDEA TO START FROM SIMPLER 
ONE-TIME UNDERTAKINGS AND THEN MOVE ON 
TO MORE COMPLEX ONES. 

4. KEEP A HEALTHY RELATIONSHIP 
 
Keep regular and proactive contact with your 
cooperation partner(s). Ensure that activities 

are on track and meet the goals and needs. 
If changes need to be made, revise plans and 
agreements with your partner. Timely commu-
nication is important. Also, it is important to 
show appreciation of your partner’s contribu-
tion.

BE ATTENTIVE AND MINDFUL - IT IS RATHER NAT-
URAL THAT YOUR SCHOOL’S WAY OF WORKING 
AND CULTURE MAY BE RATHER DIFFERENT FROM 
THAT OF YOUR COOPERATION PARTNERS. WHEN 
QUESTIONS AND MISUNDERSTANDINGS ARISE 
(AND LIKELY THEY WILL!), IT IS USEFUL NOT TO 
MAKE ASSUMPTIONS, BUT CLARIFY THE EXPEC-
TATIONS AND PRACTICES. 

     
5. DISCUSS AND REVIEW YOUR PARTNERSHIP - 
MID TERM / ANNUAL / FINAL ETC
     
Plan ahead for the review of your cooperation 
activities. Depending on what you are do-
ing and what is making sense, it may include 
mid-process review meetings and annual / fi-
nal meeting. And, remember - part of it is cel-
ebration of what you are doing and achieving 
together. Make the results visible for yourself 
and your partner.
 

IDEA BANK

When you are preparing for the partnership 
content development phase and are weigh-
ing your needs and potential forms of coop-
eration, here are some ideas that may become 
handy. The ideas are presented according to 
different themes and in the order of common-
ly ‘lighter’ formats to more complex ones - as 
you are getting better knowledge and experi-
ence of each others’ goals and ways of work, 
you can gradually dig deeper in cooperation. 
Some formats can be classified under differ-
ent themes (and in some occasions have been 
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repeated in these lists already) - feel free to 
keep re-grouping them just as it makes best 
sense for you.

LEARNING ENRICHMENT

• Guest lessons by the employees of your 
partner organisation to further the learn-
ing content

• Serving as judges / experts for events / 
contests related to certain learning content

• Sponsoring student research / events / 
contests / supplies related to certain learn-
ing content

• Sponsoring / co-hosting some field trip 
related to certain learning content

• Co-hosting an event dedicated to cer-
tain learning content

• Co-hosting a project to solve ‘real 
world’ issues

• One-on-one tutoring for particular stu-
dents

• Group tutoring for students with par-
ticular learning content interest

• Being supervisor for a student’s re-
search paper

CAREER EXPOSURE

• Guest lessons / talks focused on career 
stories, particular jobs or organisations

• Partner organisation visit

• Job-shadowing

• Co-hosting a project to solve ‘real 
world’ issues

• Sponsoring / co-hosting some field trip 
to vocational school / university (possibly 
focused on certain field)

• Work sampling: students trying out 
some job task for real

• Internships: formal time-limited work 
experience for students

• Summer jobs

• Student mentoring and coaching

• Providing scholarships to support stud-
ies in certain fields

CITIZENSHIP

• Guest lessons / talks focused related to 
active citizenship

• Recognising student research related to 
active citizenship / community issue topics

• Joining in clean-up days and other vol-
untary work activities / charity fairs / vis-
its to animal shelters / learning something 
new and useful together (eg first aid, recy-
cling, cooking) etc

• Providing recognition to students en-
acting certain values

• Co-hosting an event dedicated to cer-
tain community issue

• Sponsoring events / contests related to 
certain community issue

• Co-hosting a project to solve communi-
ty issues

SUPPORTING FAMILIES IN NEED

• Sponsoring supplies / field trips / extra-
curricular or holiday activities etc

• Teacher / staff support, inspiration and 
recognition

• Providing supplies / sponsor events for 
staff recognition

• Nominating teachers / staff for local 
and national recognition

• Inviting teachers / staff for visits / 
job-shadowing / ‘internship’ in the organ-
isation

• Inviting teachers / staff to attend semi-
nar / conference related to the field of work 
of the organisation together with the staff 
of the organisation

• Consulting / assisting / training / men-
toring teachers / staff in a specific field eg 
subject-related, financial,  legal, communi-
cation matters

• Assisting / initiating community fund-
raising activities for teachers / staff to im-
plement special projects in their classroom 
/ school

• Establishing grant program for teach-
ers / staff to implement special projects in 
their classroom / school



IMPLEMENTATION
REFLECTION
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WELCOME TO THE NO-END!

With this document we intend to generate a 
space of critical, honest and constructive re-
flection on the process of implementation 
done in your school. We have thought of this 
self-evaluation activity in terms of a conver-
sation between people who are part of the 
implementation team. 

In these slides you will find some guiding 
questions to assist your reflection on the pro-
cess of implementation. It is not necessary to 
answer all the questions, they are just a guide 
on the different aspects that you can analyze.

You will find 6 parts:

1. Identify and Analyze the Problem

2. Action plan

3. Implementation

4. Assess Progress

5. Continue to improve

6. Celebration
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1. IDENTIFY AND ANALYZE THE 
PROBLEM
What was the performance problem we were 
trying to solve? What were the indicators for 
knowing that the problem existed? What did 
you prioritize to tackle one or two root caus-
es? How did you do it?

2. ACTION PLAN
What were the steps you decided to take and 
why? What goals did you want to improve? 
Can you describe the Strategy? Did the rele-
vant systems, structures, resources and cul-
ture of our organization help you to effective-
ly implement the strategy? What exactly was 
supportive and what was not? Put down what 
was the logic of intervention and the strategy 
steps?

3. IMPLEMENTATION
Can you explain if the steps that you followed 
were been useful? Can you spot which were 
the best? and in which you have had difficul-
ties? 
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4. ASSESSING PROGRESS
Describe the assessing plan you thought. 
Which milestones and goals did you set? 
Which data did you collect? How did you col-
lect it? Did you achieve all of the milestones 
you set during the implementation planning 
step? Was this assessment useful for improv-
ing the implementation process? Did you 
solve the initial problem?

5. CONTINUE TO IMPROVE
What are the next steps you will take after as-
sessment?  Do you think it’s possible modify 
the implementation to solve other root causes 
you discarded in the first step?
What are you most proud of when looking 
back to the process? What did you learn from 
the process (name three main things)? What 
would you do differently next time?

6. CELEBRATION
Don’t forget your last step!  How will you  
celebrate your achievements? 
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