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I n t ro d u c t i o n

The Inspiring Science Education (ISE) project aims at con-
tributing to the implementation of the ‘Digital Agenda for 
Europe’ and in particular to Action 68 “Mainstream eLearn-
ing in national policies for the modernisation of education 
and training, including in curricula, assessment of learning 
outcomes and the professional development of teachers 
and trainers”, and to do so in line with the recommenda-
tions of the Rocard Report ‘A new Pedagogy for the Fu-
ture of Europe’, that sets the basics for the introduction of 
the Inquiry Based approach in the science curricula of the 
Member States.

A central idea in the project is that teaching according to 
the inquiry-based approach can stimulate students’ learning 
gains and their interest in science. Another premise is that 
digital, interactive tools can be effectively used to achieve 
these purposes. ISE set out to design, plan and implement 
large-scale pilots to stimulate and evaluate innovative use 
of existing eLearning tools and resources (e.g. interactive 
simulations, educational games, VR and AR applications, 
modelling and data analysis tools, eScience applications, 
as well as, digital resources from research centres, science 
centres and museums) for scientific disciplines and tech-
nology, enhancing science learning in 5,000 primary and 
secondary schools in 15 European Counties.

ISE innovation building methodology includes evaluation 
metrics and benchmarking activities, on the design and de-
ployment of innovative science learning practice and school 

organization change. The project’s use of eLearning tools 
and resources is coupled with an evaluation framework, 
evaluating progress on learning achievements, based on 
the PISA 2012 framework for the assessment of students’ 
problem solving competence of students. This approach of-
fers the basis for validation of the introduction of technol-
ogy-supported educational innovation in European schools, 
thus ensuring real impact and widespread uptake.

This Teacher Guide aims to support science teachers in 
navigating through ISE’s methodology, tools and resources 
so as to create and deliver inquiry-based educational sce-
narios to use with students in their science classroom.

This chapter offers a brief introduction to the docu-
ment. Chapter [2] summarises the main guidelines and 
background information for the implementation of inquiry-
based inspiring science educational scenarios and the cor-
responding template used in ISE. Chapter [3] focuses on the 
ISE community environment, explaining how one can join or 
create a community and share –search and create- resourc-
es. Chapter [4] includes a step-by-step tutorial about the 
most used functionalities of the ISE authoring and delivery 
environments: retrieving and sharing resources, creating 
and enriching scenarios and also viewing these scenarios. 
Finally, Chapter [5] focuses on the optional feature of cre-
ating and using formative assessment and problem solving 
questions as part of an educational scenario, providing the 
rationale behind and guidance for it.

1
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I n q u i r y  B a s e d  S c i e n c e  E d u c a t i o n  i n  I S E

2

2.1  About Inquiry Based
 Science Education

Understanding science is essential in today’s society. The 
public’s understanding of science is largely influenced by its 
experiences in science classrooms. It is therefore important 
that science teachers understand science and give an ac-
curate representation of it in their classrooms. Science is 
defined as a body of knowledge, a process of inquiry, and 
the people involved in the scientific enterprise. Science 
teachers usually concentrate on the body of knowledge 
that forms their discipline. Students should also understand 
the process of scientific inquiry; the understanding should 
come through their experiences with the process in the sci-
ence classroom and outside school. Few definitions of sci-
ence include the people who are involved in the enterprise. 
Yet the history of science has proven, time and again, to 
be a history of scientists. Recognising the individual quali-
ties important to scientists and guarding against human 
shortcomings that may also influence scientific work are 
necessary in presenting a total picture of science. Differ-
ent models of scientific inquiry have been developed and 
extensively validated in recent years. The accumulation of 
valid reliable knowledge was shown to be the aim of all the 
models. Science teachers should understand the strengths 
and weaknesses, the procedures, and the logical problems 
of the different models of inquiry. In the science classroom 
there should be a balance in emphasis on science as a body 
of knowledge, a process, and a human enterprise.

The idea of teaching science by inquiry has a long history 
in science education. There is an equally long history of con-
fusion about what teaching science by inquiry means and, 
regardless of the definition, its implementation in the class-

room. Inquiry-based learning has been officially promoted 
as a pedagogy from improving science learning in many 
countries (Bybee et al., 2008; Hounsell & McCune, 2003; 
Minner et al., 2010), and since the publication of the ‘Sci-
ence Education Now: A renewed Pedagogy for the Future 
of Europe’ report (Rocard et al., 2007) as one of the top 
educational goals for Europe (following similar actions in US 
by the National Research Council, 1996, 2000).

‘Inquiry’ is referred to in the science education literature 
to designate at least three distinct but interlinked catego-
ries of activity: what scientists do (investigating scientific 
phenomena by using scientific methods in order to explain 
aspects of the physical world); how students learn (by pur-
suing scientific questions and engaging in scientific experi-
ments by emulating the practices and processes used by 
scientists); and a pedagogy, or teaching strategy, adopt-
ed by science teachers (designing and facilitating learn-
ing activities that allow students to observe, experiment 
and review what is known in light of evidence) (Minner et 
al., 2010). This polysemy of the term explains partly the 
confusion associated with the implementation of ‘inquiry-
based science education’ (IBSE), a term in itself used as an 
umbrella for various educational approaches, characterized 
by the differing emphasis they put on these three distinct 
‘inquiry’ activities.

For example, Linn et al.’s (2004) definition of inquiry as
 “the intentional process of diagnosing problems, critiqu-

ing experiments, and distinguishing alternatives, planning 
investigations, researching conjectures, searching for in-
formation, constructing models, debating with peers, and 
forming coherent arguments”. (p4)

seems to put the emphasis on what scientists do, where-
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as the US National Research Council’s definition as
“a set of interrelated processes by which scientists and 

students pose questions about the natural world and inves-
tigate phenomena; in doing so, students acquire knowledge 
and develop a rich understanding of concepts, principles, 
models and theories...and learn science in a way that re-
flects how science actually works” (NRC, 1996: p214, cited 
by Krystyniak & Heikkinnen, 2007). 

shifts the emphasis to how students learn, highlighting 
however the close connection between inquiry as scientific 
practice, and inquiry as student learning.

Inquiry-based science education has also been described 
as teaching and learning science as inquiry and by inquiry 
(Tamir, 1985; Chiappetta, 1997; Zion et al., 2004). Learn-
ing science as inquiry includes learning about the way in 
which the scientific endeavour progresses, and analyzing 
the inquiry process performed by others, sometimes us-
ing historical perspectives (Bybee, 2000; Schwab, 1962). 
Learning science by inquiry, on the other hand, involves the 
learner in raising research questions, generating a hypothe-
sis, designing experiments to verify them, constructing and 
analyzing evidence-based arguments, recognizing alterna-
tive explanations, and communicating scientific arguments 
(Tamir, 1985). Teaching science by inquiry requires im-
parting not only scientific information but also the abilities 
to do inquiry and, more deeply, an understanding of what 
scientific inquiry is about.

The ISE approach acknowledges the need for science 
teachers to bestow their students with the knowledge and 
ability to engage in inquiry but also with an understanding 
of inquiry and of how inquiry results in scientific knowledge.

2.2 ISE’s Instructional Model of IBSE
As mentioned in the introduction of this guide, ISE is also 

concerned with supporting teachers to organise and se-
quence inquiry-oriented and technology-enhanced learning 
experiences for their students effectively. One of the ways 
ISE pursued this concern, is by providing an instructional 
model for teachers to help them organise their teaching se-
quences.

“An instructional model incorporates the features of in-
quiry into a sequence of experiences designed to challenge 
students’ current conceptions and provide time and oppor-
tunities for reconstruction, or learning, to occur” (Bybee, 

1997, cited by NRC, 2000).
Having said this, ISE does not perceive learning by inquiry 

as following specific step-by-step instructions in a linear 
sequence of activities, but rather as experiencing activi-
ties that blend and merge together. It moreover supports 
the prevailing view that inquiry is a flexible pedagogy that 
allows teachers to tailor their approaches to the desired 
learning outcomes and specific circumstances of different 
classroom contexts. And because these learning outcomes 
are diverse and vary according to the age of the learners, 
highly structured and more open-ended inquiries both have 
their place in science classrooms.

There is a variety of conceptualizations of the process of 
inquiry learning in the research literature. ISE’s instructional 
model of IBSE consists of five learning activities: Orienting 
& Asking Questions; Hypothesis Generation & Design; Plan-
ning & Investigation; Analysis & Interpretation; and Conclu-
sion & Evaluation. The following subsections provide expla-
nations and suggestions of what these learning activities 
could consist of.

2.2.1 Orienting & Asking questions
Orienting: Provide contact with the content and/or pro-

voke curiosity
These inquiry activities can be focused on answering 

a question, but also on investigating a controversial di-
lemma or solving a problem. Teachers may introduce this 
with a classroom discussion and support it, for example, 
with narratives, videos, or animations. They may provide a 
framework for the discussion and should monitor students’ 
involvement in it. Formulating questions can be facilitated 
by structuring the question (problem/case) by identifying 
relevant limitations and variables. Students ask questions, 
discuss the issues involved and take notes of their ideas. 

Define goals and/or questions from current knowledge
Knowing when the learning activity has been successfully 

completed necessitates clarifying the goals that should be 
achieved, or the criteria that should be met. Therefore, to-
gether with their teachers students should identify learning 
goals, identify prior knowledge they have related to each 
issue, reflect on knowledge and skills they have for solving 
them. If appropriate, they should collect additional informa-
tion and identify relevant variables.
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2.2.2 Hypothesis generation & Design
Generation of hypotheses or preliminary explanations
Students based on their prior knowledge, the notes they 

have taken and the structure of the question (problem/
case) formulate hypotheses, as supposed relations be-
tween measurable dependent and independent variables. 
It is difficult for students to formulate proper hypotheses 
on their own. This learning activity therefore necessitates 
appropriate support (de Jong & van Joolingen, 1998). 
Rules for generating hypotheses could serve this stage as 
resources. 

Design/Model
Then students design an experiment that is appropriate 

for testing their hypotheses. Rules for planning experi-
ments are resources that should be available in this stage. 
The difference between the experimental plan and planning 
of making the plan (a regulative process) should be under-
stood and made explicit by the teachers.

Depending on the focus of the inquiry, the activities of 
generating hypotheses and designing can take several 
forms. An experiment can be set up to test hypotheses. For 
problem resolution, relating a hypothesis to the data allows 
for checking whether the hypothesis solves the problem. 
Another approach to investigating hypotheses is to design 
a model by building a physical or virtual artefact. For exam-
ple, students can design a house to investigate influences 
on CO2 emissions. The appropriateness of models can be 
evaluated by relating it to the notes that students take dur-
ing the activity.

2.2.3 Planning & Investigation
Plan investigation 
Clearly formulated hypotheses facilitate planning the 

work process. Planning includes determining the order of 
activities and intermediate goals, which tools and/or data 
to use, a clear time line, and how these activities can be 
divided among the participants. 

Perform investigation
Investigations may be performed by conducting experi-

ments or designing artefacts, using physical, virtual or re-
mote tools.

2.2.4 Analysis & Interpretation
Analysis and Interpretation: Gather result from data
Collected data will be analysed and interpreted. Data 

analysis and processing tools have to be used in this stage. 
Teachers should support the learners in the case of diffi-
culties – sometimes they do not know where to start with 
searches in the data. Teachers may support students’ proc-
ess of data analysis by helping them organize the data col-
lected and interpret them by identifying key issues. When 
solving problems, solutions found by experts can also be 
examined, and compared with students’ own solutions for 
the same problem. For investigation of controversial cases, 
different perspectives on approaching the case should be 
analyzed, and the value of different information sources 
should be evaluated. These processes may generate new 

questions for further inquiry.

2.2.5 Conclusion & Evaluation
Conclude and communicate result/explanation:
Arriving at conclusions in the inquiry process can mean 

achieving consensus about a solution to a problem, produc-
ing a common artefact, or synthesizing views to arrive at a 
mutual decision. The evaluation process can be facilitated 
by presenting conclusions to a broader audience, as this al-
lows for replication and/or endorsement of the presented 
results. 

Evaluation/reflection
As it is important not only to arrive at a conclusion, e. g., 

solving a problem, but also to have actually learned some-
thing, reflection is necessary to allow for recognition of 
similar problems (questions/cases) in the future, transfer 
of knowledge to such situations, and the ability to apply the 
learned strategy. Besides evaluating one’s own outcomes, 
it can also be interesting to evaluate others’ outcomes and 
determine the extent to which they meet the criteria set. 
Comparing the collected data to such criteria can necessi-
tate subsequent refinement of the conceptual model. When 
determining whether learning goals are achieved, it can be 
valuable for future inquiry activities to identify what factors 
have been facilitators or barriers in attaining the goals.

Consider other explanations
For investigation of controversial cases, as before, the 
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value of other explanations should be considered and eval-
uated. These processes may generate new questions for 
further inquiry.

The different information sources can be found by stu-
dents themselves or provided by the teacher via links/docu-
ments/other materials.

2.3 ISE Educational Scenarios
      and the ‘Big Ideas’ of Science

To organize the ISE inquiry-based educational scenarios, 
so as to make them readily available to teachers and easy 
to use, it was decided that in addition to a number of other 
more conventional metadata (e.g. school phase, science 
topic, age of students, etc.) they would be associated to 
one of the ‘Big Ideas’ of Science. These ‘Big Ideas’ represent 

overarching principles in the science curriculum and can also 
be looked at as ‘umbrellas’ where the content material from 
various science subjects can be brought under the same 
‘umbrella’ in order to develop a common theme running 
through the science curricula over time. According to Har-
len’s report (2010) the goals of science education should 
not be conceived “in terms of the knowledge of a body of 
facts and theories but a progression towards key ideas which 
together enable understanding of events and phenomena of 
relevance to students’ lives during and beyond their school 
years.” In this report fourteen such ideas are identified and 
include ideas of science and ideas about science and its role 
in society. The former ten are adopted by ISE to be explicitly 
linked with its educational scenarios. Table 1, presents the

1

All material in the Universe is made of very small 
particles. Light in all different wavelengths 
permeates the Universe. (This idea is slightly 
changed from Harlen’s original) 

2 Objects can affect other objects at a distance.

3
Changing the movement of an object requires 
a net force to be acting on it.

4
The total amount of energy in the Universe is 
always the same but energy can be transformed 
when things change or are made to happen.

5
The composition of the Earth and its atmosphere 
and the processes occurring within them shape 
the Earth’s surface and its climate.

6
The solar system is a very small part of one of millions 
of galaxies in the Universe.

7 Organisms are organised on a cellular basis.

8
Organisms require a supply of energy and materials
for which they are often dependent on or in competition 
with other organisms.

9
Genetic information is passed down from one 
generation of organisms to another.

10 The diversity of organisms, living and extinct, is the 
result of evolution.

proposed ‘Big Ideas’ of Science Collection.

Table 1: ‘Big Ideas’ of Science in ISE
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T h e  I S E  C o m m u n i t y  E n v i ro n m e n t

To achieve its objectives, ISE took into account emerging 
educational paradigms concerning access to learning (the 
once ‘infrastructure equipment’ mandate), the creation and 
sharing of knowledge (the once ‘learning materials’ avail-
ability) and the building of competences in learning com-
munities (the teachers professional development quest). It 
thus hosts its portal under the umbrella of Open Discov-
ery Space (ODS) (http://portal.opendiscoveryspace.eu/), 
an environment created with funding from the European 
Union to encourage educational communities to use and 
share eLearning resources, and exchange their experience 
and views on ease of use and quality of these resources. In 
the ISE Community Environment teachers can join existing 
communities or create new communities to discuss, share 
and swap ideas and resources in their own language or in 

English, at a thematic (connected to a specific eLearning 
tool or theme), school, national or international level. The 
following sections aim to be a step-by-step guide to how 
one can join or create a community and share –search and 
create- resources in the ISE Community Environment (or 
ISE portal) (http://portal.opendiscoveryspace.eu/ise). 

3.1 Join ISE and one of its existing  
 community of practice

The first thing any prospective ISE Community member 
(‘you’) should do in order to be able to take advantage of all 
the facilities of the ISE Community Environment is to ‘Join’ 
it, on the home page of the portal, by clicking on the corre-
sponding link at the top right of the page (Figure 1),

 

3

Figure 1 – Joining ISE on the portal’s home page

Then you are given two options (Figure 2): 
[1]. Only to ‘Register in ISE portal’, or
[2]. To ‘Register and join one of the ISE Communities’.
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 In both cases you need to provide your Login informa-
tion and you will receive an e-mail confirming that you have 
successfully registered. In the former case, you register 
first and then you decide whether you wish to join a com-
munity or create a new one yourself. In the latter case, you 
can search amongst the existing communities of practice, 
choose one and then both register to ISE and join this com-
munity at the same time.

As previously said the ISE portal aims at promoting a 
genuine collaborative approach to science education and 
teaching through building communities of practice. These 
communities are the heart of ISE, so as soon as you reg-

ister in ISE join a community and join other educators in 
searching, using, modifying and creating teaching materials 
for science education.

If you wish to join an already existing community of us-
ers, click on the Communities tab on the upper right side 
(Figure 3 – [1]) to look through all the already existing 
communities, sorted by ‘Most Recent’ or ‘Most Popular’, or 
limit your search by Title, School, Country, or Community 
Domain (Technology, ICT, Mathematics, Science) (Figure 4 
– [1]). Alternatively, at the lower part of the first page you 
can easily find out the ‘Most Popular’, the ‘Most Recent’ or 
the ‘International Communities’ (Figure 3 – [2]).

Figure 2 – Registering in ISE portal

Figure 3 – Looking for an ISE Community

1

1

2

2
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Once you click on any of these options, you will be re-
directed to the list of communities, demonstrating a name 
and a short description of each. You may want to ‘Visit the 
community to see more’ (Figure 4 – [2]) about it (Figure 

5 – [1]). Once you have found a community that you would 
be interested to participate in, click on the ‘Join’ button 
(Figure 4 – [3] or Figure 5 – [2]) to request to join this 
community. 

Figure 4 – Searching existing ISE Communities

Figure 5 – Finding information about existing ISE Communities

4

1

3

2

2

1

You will then be asked to provide an explanation why you 
would like to join the community (Figure 6). Shortly after you 
submit this information an e-mail will be sent to you, stating 
whether your request has been approved. If this procedure is 

completed successfuly, you can then participate as an active 
member in your community, uploading resources, discussing 
with the other members and keeping track of various events 
in your region that may be of interest to you. 
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Figure 6 – Asking to join an existing ISE Community 

Figure 7 – Creating a sub-community in an existing ISE Community 

3.2 Create your own ISE Community  
 of practice

You can create a new community or a sub-community to 
an already existing one. Before creating a new community, 
please check whether any similar communities exist, that 
you could join. This would ensure that you can interact with 
more teachers, exchange views and gain access to an al-
ready existing pool of resources. 

The creation of a sub-community would be a good idea 
if you found an already existing community that deals with 

a large theme/topic [i.e. science education], and you were 
interested in narrowing it down [i.e. environmental educa-
tion]. In the same context, you may be part of a specific 
school community but wish to create a sub-community, e.g. 
for the English language teachers of your school.

If you wish to create a sub-community, providing that you 
are already a member of the parent community, click on the 
‘New sub-community’ button on the home page of the par-
ent community (Figure 7).
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Figure 8 – Creating a new ISE Community

3.3 Use or Manage an ISE Community  
 of practice
Once an ISE Community member or manager, you can 
share and/or use resources; and you can participate in and/
or create Groups, Activities, Events, Blogs, Polls and Dis-
cussions (Figure 9 – [1]). As a manager of an ISE Commu-

nity you have additional functionalities to ‘Invite’ members 
to join the Community and to ‘Customize the Community’ 
(Figure 9 – [2]), that is to administer its members and their 
roles and to edit the settings of the community (e.g. its ac-
cessibility level, community domain, etc.).

If on the other hand, you wish to create a new community, 
you need to click on the ’Create new ISE Community’ button 
(Figure 4 – [4] and Figure 8 – [1]). 

In either case, you will be asked to submit some informa-
tion about the community (or sub-community) you wish to 
create: a title, a brief description about it, the country of 

the community and the name of your school (Figure 8). 
Shortly after you provide this information, an e-mail will be 
sent to you, stating whether your community has been ap-
proved. If this procedure is completed successfuly, you will 
be the new community’s manager and can edit its different 
settings. 

1
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Figure 9 – Using and Managing a new ISE Community 

2

1
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I S E  R e s o u rc e s ,  I S E  e L e a r n i n g  T o o l s
a n d  U s a g e  s c e n a r i o s

4.1 ISE eLearning Tools
A second very significant intended use of the ISE Environ-

ment is to access a large number of eLearning tools through 
its ‘Digital Tools Repository’. These can be either accessed 
and used independently of any other of ISE resources, or 
can be integrated in and used as part of Educational Sce-
narios created by Community members. The following sec-
tion refers to how one can look for an ISE eLearning tool, 
whereas section 4.2.2.2 shows how users can incorporate 
such tools in their education resources.

4.1.1 Find an ISE eLearning Tool
To look for an ISE eLearning tool you should click on the 

‘Digital Tools Repository’ green button (Figure 10 – [1]) 
at the top of the page and then do one or more of the fol-
lowing:

1. a basic search of the tools on the basis of keywords in 
their Title (Figure 10 – [2]);

2. an advanced search (Figure 10– [3] and Figure 11);
3. browse using the Big Ideas (Figure 10– [4] and Fig-

ure 12).

4

Figure 10 – Searching for an ISE eLearning Tool

2

3 4

1



24 Inspiring Science Education Teacher Guide

4.1.1.1 Do an advanced search
Doing an advanced search for an ISE eLearning tool gives 

you the opportunity to limit your search using the following 
criteria (Figure 11):

•	 Age range of learners you intend to use it with
•	 Language it uses
•	 Whether it is suitable for use with mobile devices
•	 Level of difficulty (for the learners)
•	 Level of interaction (for the learners)
•	 Teacher competency level (based on the UNESCO 

ICT Competence Framework for Teachers)
•	 Subject domain it addresses
•	 Big Ideas of Science the tool may be used to 

promote

Figure 11 – Advanced search for an ISE eLearning Tool
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4.1.1.2 Browse using the Big Ideas
If on the other hand you have decided which Big Idea of 

Science you wish to address in your science teaching and 
you are looking for a suitable eLearning tool to use, you 

click on ‘Browse using the Big Ideas’ red button (Figure 
10– [4]), which takes you to a page presenting the Big Ide-
as of Science with links to the corresponding tools (Figure 
12). 

4.1.2 Use an ISE eLearning Tool
Once you choose the ISE eLearning tool you would like 

to use, by clicking on it, you can see all the information re-

lating to it, including its pedagogical context of use and its 
technical information (Figure 13). 

Figure 12 – Choosing ISE eLearning tools using the Big Ideas of Science
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Figure 13 – Information about an ISE eLearning tool

4.2 ISE Resources
One of the main functions of an ISE Community of prac-

tice is to facilitate the exchange of resources amongst its 
members. More particularly, there are two categories of 
Resources one can share in the ISE Environment (or portal):

Educational Objects: They are typical digital materials, 
such as video and audio lectures (podcasts), references 
and readings, workbooks and textbooks, multimedia anima-
tions, simulations and demonstrations.

Educational Scenarios: They are either shorter duration 
‘Lesson Plans’ or longer duration learning ‘Scenarios’. They 
provide teachers with guidelines for conducting an inquiry-
based science lesson (or a series of lessons) using one of 
the digital tools in the ISE Repository, or any other digital 
tool. They typically contain information on their educational 
objectives and suggest assessment questions. Educational 
Scenarios can be (re) used by the same teacher, as well as 

by other teachers.

There are also more than one way to share resources:
1. to use an existing resource either as it is or modi-

fied;
2. to create a new resource.

The following sections aim to be a step-by-step guide to 
how one can use and create resources in the ISE Environ-
ment.

4.2.1 Use an existing ISE Resource
The ISE Environment contains a vast number of resourc-

es, constantly updated and improved with new resources 
being added every day by the ISE users. Once logged in you 
can:

1. search through all the resources available, by click-
ing one of the green buttons at the top of the page 
(Figure 14– [1]) and then either doing free text 
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search, or limiting your by Title, Date, Contributor, 
Discipline, Context of use, Type of resource, Copy-
right, etc.;

2. search the resources available within a community 
of practice that you are a member of (Figure 14– 
[2]), by title and type of resource and sorted either 
by ‘Most Recent’ or ‘Most Popular’

In both cases if you find an educational resource that you 
are interested in, you can ‘View Resource’ (Figure 15 – 
[1]) and choose to ‘Pin Resource’ (Figure 15– [2]) in any 
of the communities you are an administrator of and thus 
make it part of its resources as well. 

4.2.1.1 Use an existing Educational Scenario
If the resource is an Educational Scenario and you want 

to use it, you need to ‘Clone’ (Figure 15– [3]) it first. By 
clicking on the ‘Clone’ button, you will be transferred onto 
another page, called ‘Summary Page’ (Figure 16), which 
gives summary information about the Educational Scenar-
io, under the headings ‘General Info’, ‘Educational Context’, 
‘Educational Objective(s)’, ‘Subject Domain’, ‘Additional In-
formation’ (Figure 16– [1]). By clicking on the icon on the 
top left of the page to clone the resource (Figure 16– [2]), 
you will be given the opportunity to review and if you wish 
adapt to your needs, the summary information and meta-
data about the resource under the above headings (Figure 
17– [1]). At the end, you will be asked to ‘Save’ or ‘Save 
and Edit Phases’ (Figure 17– [2]). If you click on the lat-
ter option, you will be transferred to the authoring environ-
ment of the Educational Scenario where you will be able to 
modify it accordingly (see section 4.2.1.2).

Figure 14 – Searching for educational resources

Figure 15 – Finding an educational resource: next steps

1

2

1 3 2
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Figure 16 – Cloning an Educational Scenario

Figure 17 – Adapting the metadata of an Educational Scenario

2
1

1

1

1

1

2

1
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Figure 18 – My account in ISE

Figure 19 – Editing an Educational Scenario

4.2.1.2 Modify an existing Educational Scenario
By cloning an Educational Scenario, it then appears as an 

Educational Resource in your ISE Profile/Account (Figure 
18). You can then use it in your classroom either as it is, 
or further modified. In both cases you need to click on it, 
and then click on the ‘Edit’ button (Figure 19). The Sum-
mary Page about the resource (Figure 20) is very simi-
lar in content to the one that appears when you ‘Clone’ an 
Educational Scenario (Figure 16), but also differs in two 
important ways: in it you now appear as the Author of the 
scenario (Figure 20 – [1]) and it also offers a number of 
new buttons at the top left of the page (Figure 20 – [2]). 

These, from left to right allow you to:
•	 Edit the content of the Educational Scenario
•	 Edit its metadata
•	 Set its status to Draft or Final (only Educational Sce-

narios of Final Status can be used in the classroom)
•	 Deliver the Educational Scenario, by providing you 

with two delivery links (a ‘Teacher Link’ and a ‘Class 
Link’) to use in your lesson (Figure 21). Please note 
that every time you deliver the lesson in your class-
room you will need a new set of delivery links.

•	 View the scenario’s History
•	 Preview the scenario
•	 Clone the scenario
•	 Delete the scenario
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Figure 20 – Using an Educational Scenario

Figure 21 – Preparing to deliver an Educational Scenario

2

1

4.2.1.3 Deliver an existing Educational Scenario
By clicking on, or copying and pasting the ‘Teacher Link’ 

in your browser you will be redirected to the delivery envi-
ronment (Figure 22).
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Figure 22 – Teacher delivery environment

Figure 23 – Student delivery environment

By clicking on, or copying and pasting the ‘Class Link’ in 
the browser of the computers in your classroom each stu-

dent will be directed to the delivery environment (Figure 
23).

In both views you will see the scenario divided in 5 tabs 
corresponding to the 5 inquiry-based learning activities 
presented in chapter 2: ‘Orienting & Asking Questions’, ‘Hy-
pothesis Generation & Design’, ‘Planning & Investigation’, 
‘Analysis & Interpretation’ and ‘Conclusion & Evaluation’ 

(Figure 24 – [1]). The difference between the ‘Teacher 
Link’ and ‘Class Link’ views is that the former includes grey 
boxes with direct suggestions/notes/reminders for the 
teacher for use in classroom (Figure 24 – [2]).
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Figure 24 – Teacher view of an Educational Scenario

Figure 25 – Creating a new educational resource in the Community: an Educational Object

4.2.2 Create a new resource
If you wish to create a resource, depending on the type 

of resource there is a different path to follow. In the ISE 
Environment, all new resources can ONLY be created 
within the Communities you are a member of, by clicking 
on the ‘Resources’ link in the home page of the particular 
Community (see Figure 9) and then on the button ‘Cre-
ate new educational resources in the Community’ (Figure 
25 – [1]).

4.2.2.1 Add an Educational Object
If you wish to create an educational resource of the type 

‘Educational Object’ select this option (Figure 25 – [2]) 
and then press ‘Create New’ (Figure 25 – [3]). In the next 
page you will need to provide a Title for the Educational 
Object, its Educational Context (i.e. whether it is aimed to 
be used in primary and/or secondary education and/or in 
an informal context) and its Content Type (i.e. whether it 
is a file containing the resource, or a link to the resource) 
(Figure 26).

2 3

1
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Figure 26 – Adding a new Educational Object

Figure 27 – Creating a new Lesson Plan / Educational Scenario

4.2.2.2 Create an Educational Scenario
(incl. Lesson Plan)
If now you want to create an Educational Scenario 

(whether this is a Lesson Plan or a series of lesson plans), 

select type of educational resource: ‘Lesson Plan’ or ‘Ed-
ucational Scenario’, select tool: ‘ISE Authoring Tool’ and 
then press ‘Create New’ (Figure 27).

You will be re-directed to the ISE Authoring Tool, where 
the ISE Lessons/Scenarios created by you will be present-

ed (Figure 28).
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Figure 28 – ISE Authoring Tool – My Lesson Plans and Educational Scenarios 

Figure 29 – ISE Authoring Tool – Add Metadata to my ISE Lesson/Scenario 

Press the ‘Create new Lesson’ button to start preparing 
your ISE Lesson/Scenario (Figure 28). 

Same as when cloning and adapting an Educational Sce-

nario (see Figures 12 and 13), you will need to add edu-
cational metadata for your ISE Lesson/Scenario by follow-
ing 5 simple steps of a metadata wizard (Figure 29). 
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Figure 30 – ISE Authoring Tool – Add Content to the 5 Inquiry Activities

Figure 31 – ISE Authoring Tool - Add an External Tool as an iFrame

Figure 32 – ISE Authoring Tool – Add more features

You then have to add content (namely, text, images and 
videos) to the five (5) Inquiry Activities of your ISE Les-
son/Scenario (Figure 30 – [1]). Moreover, you can add 
external digital tools (e.g. Google Sheets, Google Docs, 
PhET Simulations, Geogebra Worksheets, etc.) to the five 
(5) Inquiry Activities by selecting adding an iFrame via the 
rich text editor (Figure 31). More specifically, you have 

to add the URL of the external tool and the dimensions 
(namely, width and height) of the iFrame where the exter-
nal tool will be presented. 

Alternatively, you can press the Plus (+) button (Figure 
30– [2]) and then choose to search the ISE Tools Reposi-
tory and add eLearning Tools to your ISE Lesson/Scenario 
(Figure 32– [1] and Figure 33). 

1 2

1

2
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Figure 33 – ISE Authoring Tool – Add an eLearning Tool to my ISE Lesson/Scenario 

Figure 34 – Adding Guidelines only visible for the Teacher

Please address directly the students who will work with 
your lesson/scenario. If you want to give additional informa-

tion or instruction to the teacher, please add an extra box for 
this called ‘Guidelines’ (Figure 32- [2] and Figure 34). 

You can save your ISE Lesson/Scenario any time by press-
ing the orange button at the bottom right (‘Save Lesson’). 
You can also preview your ISE Lesson/Scenario by pressing 

the green button at the bottom right (see Figure 34). When 
saved, your ISE Lesson/Scenario will appear under ‘My Les-
sons and Educational Scenarios’ (see Figure 28). 



37

Figure 35 – ISE Authoring Tool – Finalize an ISE Lesson/Scenario and post it to an ISE Community 

After finishing adding the content of your ISE Lesson/
Scenario for all Inquiry Activities, your Lesson/Scenario is 
ready to be delivered to a class with students (please refer 
to sections 4.1.2 and 4.1.3). However, it will keep the sta-
tus ‘draft’ unless you press the ‘Set Status to Final’ option 
(Figure 35). 

If the ISE Lesson/Scenario’ status is set to ‘Final’ imme-
diately the Lesson/Scenario will be posted to the ISE Com-
munity from where you started (see Figure 9). If you want 

to keep the Lesson/Scenario as draft the Lesson/Scenario 
will be presented ONLY in your ISE Profile (Figure 18) and 
not in the ISE Community from where you started. Finally, it 
should be noted that if the license level of your Lesson/Sce-
nario is ‘Private’ it will remain visible only in your profile at 
the ISE Portal (even if the status is ‘Final’). In order to make 
it visible in an ISE Community, you have to set it as ‘Final’ 
but also to provide a public license level in Lesson’s/Sce-
nario’s metadata (namely, public not allowing adaptations. 
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ASSESS
Student’s Performance
and Skills
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A s s e s s m e n t  Q u e s t i o n s  i n  t h e  I S E  E n v i ro n m e n t

The ISE Authoring Tool offers teachers two additional 
features which they may use to enrich and support the de-
livery and assessment of a science lesson. These are:

1. The option of adding multiple-choice formative as-
sessment questions at any point during an Educa-
tional Scenario.

2. The option of adding problem solving questions at 
the end of four of the inquiry phases.

For both of these options teachers are also presented 
with a graphic analysis report of the results of this as-
sessment for their students.

5.1  Create Formative Assessment   
 Questions

By clicking on the ‘Question’ button on the extra tool bar 
that appears if you press the Plus (+) sign (see Figure 30 
– [2]) at any place within an Educational Scenario (Figure 
36), you can add a multiple-choice question for your stu-
dents, with up to 4 possible answers. You are also given the 
opportunity to choose the feedback text that will appear to 
students who choose each answer (Figure 37). You can 
add as many such questions you want. 

5

Figure 36 – ISE Authoring Tool – Creating formative assessment questions 
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Figure 37 – ISE Authoring Tool – Writing formative assessment questions 

5.2 Create Problem Solving Questions
One of the aims of ISE is to increase the problem solving 

competency of students in science classrooms. The follow-
ing subsections explain the framework used in ISE for de-
veloping problem solving questions and provide support to 
teachers to create such questions in the ISE Environment.

5.2.1 Problem solving competency in ISE
The ISE concept of problem solving competency is based 

on the framework developed by OECD for use to assess 
the individual problem solving competency of 15-year olds 
in the Programme for International Student Assessment 
(PISA) 2012 (OECD, 2013). In it problem solving compe-
tency is defined as follows:

“Problem solving competency is an individual’s capacity 
to engage in cognitive processing to understand and resolve 
problem situations where a method of solution is not im-
mediately obvious. It includes the willingness to engage 
with such solutions in order to achieve one’s potential as a 
constructive and reflective citizen.” (OECD 2013, p. 123)

According to this definition problem-solving competency 
includes “a mobilization of cognitive and practical skills, 
creative abilities and other psychosocial resources such as 
attitudes, motivation, and values.” (OECD 2013, p. 122) 

PISA 2012 and consequently ISE focus more particular-
ly on the cognitive processes required to solve real world 
problems. These can be described as four distinct proc-
esses: ‘Exploring and understanding’; ‘Representing and 
formulating’; ‘Planning and executing’; and ‘Monitoring and 
reflecting’ (OECD, 2013, p. 126). They are considered to 
be the steps to overcome when moving from a given situa-
tion to a target goal in problem solving.

Exploring and understanding. This task involves explor-
ing the problem situation (observing it, interacting with it, 
searching for information and finding limitations or obsta-
cles) as well as understanding the given information and the 
information discovered while interacting with the problem 
situation. However, the students should build mental rep-
resentations of each of the pieces of information presented 
in the problem.

Representing and formulating. For building a coherent 
mental representation of the problem situation, the rel-
evant information must be selected, mentally organized 
and integrated with relevant prior knowledge. This can be 
reached by representing the problem by constructing tabu-
lar, graphical, symbolic or verbal representations and shift-
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ing between representations or formulating hypotheses by 
identifying the relevant factors in the problem and their in-
terrelationships.

Planning and executing. The planning process of this 
task describes that the students have to set themselves 
a goal. This includes clarifying the overall goal and setting 
sub-goals (where necessary) as well as devising a plan or 
strategy to reach the goal state. After that, in the executing 
phase, the plan will be carried out.

Monitoring and reflecting. The students should moni-
tor the progress towards reaching the goal at each stage 
including checking intermediate and final results, detecting 

unexpected events and taking remedial action when re-
quired. Finally they also should reflect on solutions from 
different perspectives and critically evaluate assumptions 
and alternative solutions.

Not perhaps surprisingly these processes were thought 
to have significant similarities to the inquiry types of learn-
ing activities used by ISE in the design of Educational Sce-
narios, so ISE went a step further and matched the two, 
making the assumption that questions related to each of 
the cognitive processes may be best answered at the end 
of each of the inquiry phases. Given that the latter are five, 
Table 2 shows the correspondence between the two sets, 
as well as suggestions about the possible foci of the as-

Table 2: Correspondence between ISE inquiry model and the cognitive processes
required to solve real world problems according to PISA 2012.

Orienting
and Asking
Questions

Hypothesis
Generation
and Design

Planning
and

Investigation

Analysis
and

Interpretation

Conclusion
and

Evaluation

- …dealing with the 
representation of the 
problem

- …about relevant 
information to under-
stand the problem

- …dealing with 
different levels of 
understanding of 
content knowledge

1

Exploring and 
understanding

Exploring and 
understanding

2

Exploring and 
understanding

3

Exploring and 
understanding

4

Q u e s t i o n s  

- …concerning the
exploration of correla-
tions and dependencies

-…concerning a precise 
description of the 
focused problem

Q u e s t i o n s  

-…concerning the 
correct strategies of 
experimentation

-…concerning strate-
gies of variable control

-…concerning strate-
gies of data analysis

Q u e s t i o n s  

-…about application or 
transfer of the tasks

-…about possible 
sources of experimental 
errors

-…about enhancement 
of experimental setting

Q u e s t i o n s  
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5.2.2 Levels of problem solving competency in ISE
The PISA 2012 framework recognises 6 levels of pro-

ficiency in problem solving (OEDC 2014, p. 58-59) for 
students of 15 years old. ISE simplified these into 3 levels 
(Figure 38).

 
Students proficient at high level can
•	 develop complete, coherent mental models of differ-

ent situations;
•	 find an answer through target exploration and a me-

thodical execution of multi-step plans.
To estimate the difficulty of the tasks for this level, an 
average of about 10% of 15-year-old students should 
be able to answer on this level.

Students proficient at moderate level can 
•	 control moderately complex devices, but not always 

efficiently;
•	 handle multiple conditions or inter-related features 

by controlling the variables.
To estimate the difficulty of the tasks for this level, an 
average of about 45% of 15-year-old students should 
be able to answer on this level.

Students proficient at low level can 
•	 only answer if a single, specific constrain has to be 

taken into account;
•	 only partially describe the behaviour of a simple, 

everyday topic. 
To estimate the difficulty of the tasks for this level, an 

average of about 45% of 15-year-old students should be 
able to answer on this level.

5.2.3 Design problem solving questions in the ISE 
Environment

As previously mentioned the Problem Solving Questions 
are assigned to the four cognitive process of the problem 
solving competency (‘Exploring and understanding’; ‘Rep-
resenting and formulating’; ‘Planning and executing’; ‘Moni-
toring and reflecting’). In the ISE Environment in particular, 
two individual problem solving questions should be created 
at the end of the corresponding inquiry phases (Figure 39).

These individual problem solving questions must be:
… multiple-choice (single-select), and 
… with three possible answers all correct:

… one answer for a low performer on problem solving
… one answer for a moderate performer on problem 
solving
… one answer for a high performer on problem solv-
ing

Figure 38 – Levels of problem solving competency in ISE

low performer
(L)

moderate performer
(M)

high performer
(H)
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5.2.4 Example of Problem Solving Questions for 
an Educational Scenario on Renewable Sources 
of Energy

Figure 39 – ISE Authoring Tool – Add Problem Solving Questions to my ISE Lesson/Scenario 

Exploring
and understanding

Reepresenting
and formulating

Planning
and executing

Because we are respon-
sible for our future

High
level

Because of interdependen-
cies social, economical and 
ecological aspects have to 
be considered.

Government has to think 
about how to disencumber 
citizens and companies 
which can’t afford higher 
prices.

Because of learning by 
trial and error I get a 
deeper understanding of 
the content.

CO2 is accumulating in the 
atmosphere and reflecting 
thermal radiation from the 
earth so it can’t leave the 
atmosphere. This contrib-
utes to the anthropogenic 
greenhouse effect.

High
level

Change in energy supply 
would be easier and faster 
when less energy has to 
be produced.

Energy supply is an 
important economic factor. 
Lack of reliable energy 
supply can lead to 
degeneration of a highly 
developed country. 

Use of fossil fuels for 
transportation and heat 
production.

CO2 is jointly responsible 
for human made climate 
change

Moderate 
level

It’s important to reduce 
energy consumption

Energy supply is not 
guaranteed

Importance of cogenera-
tion of heat and electricity

CO2 is harmful to the 
environment

Low
level

One first step is e.g. to 
switch of light when 
leaving a room.

Cities getting dark Use of coal for barbeque

Because as responsible 
citizens we have to be 
informed and able to 
discuss current issues

Moderate 
level

It’s important that no jobs 
get lost or alternative jobs 
or retraining are offered to 
employees. Also investors 
have to be recruited.

Energy supply is an 
important economic factor. 
Companies may threaten 
with migration to a more 
cost-effective location.

Because it’s not possible 
to manipulate the real 
world conditions in the 
same way as in a 
simulation.

Because it’s very present 
in media

Low
level

People have to be well 
prepared for the change in 
energy supply. So it’s very 
important to promote the 
change and tell people why 
it is needed.

People become dissatis-
fied because they have to 
pay more money for 
electricity

Because it’s funny to play 
with the simulation I’m 
more motivated to learn. 

Level of 
problem
solving

Monitoring
and reflecting

Why do we need to think 
about renewable 
energies?

Which domains have to be 
taken into account for the 
change in energy supply 
to be successful?

Which consequences can 
the increase of the price 
for electricity have?

What advantages has the 
use of a simulation against 
the look at a whole real 
world scenario?

Question
1

CO2 is a problem, 
because…

What is the best way to 
start change in energy 
supply?

What happens if a power 
plant is switched off 
without substitution?

The discussion about 
renewable energies and 
also the simulation mostly 
ignore important factors. 
An important but ignored 
factor is:

Question
2
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Exploring
and understanding

Reepresenting
and formulating

Planning
and executing

Because we are respon-
sible for our future

High
level

Because of interdependen-
cies social, economical and 
ecological aspects have to 
be considered.

Government has to think 
about how to disencumber 
citizens and companies 
which can’t afford higher 
prices.

Because of learning by 
trial and error I get a 
deeper understanding of 
the content.

CO2 is accumulating in the 
atmosphere and reflecting 
thermal radiation from the 
earth so it can’t leave the 
atmosphere. This contrib-
utes to the anthropogenic 
greenhouse effect.

High
level

Change in energy supply 
would be easier and faster 
when less energy has to 
be produced.

Energy supply is an 
important economic factor. 
Lack of reliable energy 
supply can lead to 
degeneration of a highly 
developed country. 

Use of fossil fuels for 
transportation and heat 
production.

CO2 is jointly responsible 
for human made climate 
change

Moderate 
level

It’s important to reduce 
energy consumption

Energy supply is not 
guaranteed

Importance of cogenera-
tion of heat and electricity

CO2 is harmful to the 
environment

Low
level

One first step is e.g. to 
switch of light when 
leaving a room.

Cities getting dark Use of coal for barbeque

Because as responsible 
citizens we have to be 
informed and able to 
discuss current issues

Moderate 
level

It’s important that no jobs 
get lost or alternative jobs 
or retraining are offered to 
employees. Also investors 
have to be recruited.

Energy supply is an 
important economic factor. 
Companies may threaten 
with migration to a more 
cost-effective location.

Because it’s not possible 
to manipulate the real 
world conditions in the 
same way as in a 
simulation.

Because it’s very present 
in media

Low
level

People have to be well 
prepared for the change in 
energy supply. So it’s very 
important to promote the 
change and tell people why 
it is needed.

People become dissatis-
fied because they have to 
pay more money for 
electricity

Because it’s funny to play 
with the simulation I’m 
more motivated to learn. 

Level of 
problem
solving

Monitoring
and reflecting

Why do we need to think 
about renewable 
energies?

Which domains have to be 
taken into account for the 
change in energy supply 
to be successful?

Which consequences can 
the increase of the price 
for electricity have?

What advantages has the 
use of a simulation against 
the look at a whole real 
world scenario?

Question
1

CO2 is a problem, 
because…

What is the best way to 
start change in energy 
supply?

What happens if a power 
plant is switched off 
without substitution?

The discussion about 
renewable energies and 
also the simulation mostly 
ignore important factors. 
An important but ignored 
factor is:

Question
2

5.3 Results of Formative Assessment  
 and Problem Solving Questions

To support teachers in the assessment of their class, the 
ISE Environment offers them the facility to view the assess-
ment results of their students, both individually and as a 
whole.

5.3.1 Access Assessment student results
At any time after running an Educational Scenario you 

have created with your students you can access the results 
of their assessment, by clicking on the ‘Teacher Link’ of the 
particular run, log in using the same name and e-mail you 
used in delivering this lesson and pressing the ‘Assess-
ment’ tab at the top of the page (Figure 40).

 

Four further tabs will appear giving you the opportunity 
to access both the problems solving and the formative as-
sessment results of your class (Figure 41).

 
5.3.2 Problem Solving student results
There are two ways you can view the problem solving stu-

dent results. The first tab from the left (Figure 42)– [1]) lets 
you view how many questions each of your students replied 
and at what level (e.g. Figure 42)– [2]).

The second tab from the left (Figure 43 – [1])shows you 
an analysis of the results for your whole class. The graph 
for example in Figure 43 shows the percentage of answers 
at Low, Moderate and High levels completed by your class 
in relation to the equivalent average results in PISA 2012 
for the whole of the country (where these exist) and for the 
whole of the OECD countries respectively.
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Figure 40– ISE Authoring Tool – Accessing Assessment Results

Figure 41 – ISE Authoring Tool – Viewing Assessment Results

Figure 42 – ISE Authoring Tool – Problem Solving Results per student

Figure 43 – ISE Authoring Tool – Problem Solving Results per class in comparison to PISA

1

2
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5.3.3 Formative Assessment class/student results
The third tab takes you to the Formative Assessment re-

sults, where you can see the percentage of correct/wrong 
answers per assessment question for both each individual 

student and the whole class. 
Futhermore, each student is presented with the results 

of the formative assessment questions, both of his/her an-
swers and of the class as a whole (Figure 44).

Figure 44 – Formative Assessment Results for the student
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