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Executive summary

This document is a description ofiddion2 1 a mission that enables students to discover
relationships in ecosystem$he contentof this missionis delivered in the SCY learning
environment, SCYLab, where it is possible to tesihe mission Here yu can find a full
descripton of Mission 2 but als@f several materials that are developed and applied in the
design process of the missioWe present the resources that are available for students in
SCY-Lab as well as resourcé¢isat helpteacheran applying ECO mission in their lessons.
The materials forteachersshould be usefufor discover this mission before engaging
students.

The first part of this deliverable depicts the general choices that were made when developing
this mission. The second pantains adescription of a pedagogical plan and tssaxiate
ELOs thatstudents will have to produce.
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1 Introduction

SCY Mission 2is designed for discovering general principlesiinecosystem. Therefore, this
mission is called ECO mission. Problems in a freshwater water body have been selected for a
general context of the mission. It enables students to learn several topics covered in curricula
of many countries in Europe.

The seleted topics give an excellent opportunity for using innovative learning methods and
technological developments. In this mission students are faced with dynamic modelling and
mobile measurement devices. These are used for collecting scientific data #xadeasl for
applying a complete inquiry cycle. Inquiry learning as a modern approach for learning science
is the guiding scenario applied HCO mission.

This mission is divided into four topics that can be applied separately but form a coherent
learning cyte if the teachers ofearners decide to go through all of them. This gives more
flexibility in using ECO mission in schoohgthout regard of thavailable time. All topics are
related with each other through two general assignments. Firstly, studeelspda\general
concept map about relations in an ecosystem on the basis of thiemgevkedge and develop

it further after completing each topic. Secondly, students are asked to make a video report that
illustrates theinquiry processeshat they have apped. In each topic students have read a
storyin which a problem is embeddedext, they have to read background theory, formulate
research questions and hypotheses, plan an experiment, conduct it either using mobile
measurement devices tire SCYDynamicsmodelling tool, analyse collected data and make
inferences that can be used for solving the initial problem.

ECO mission is designed fatudentsfrom the age ofl6 up to 19. The students stathe
learning process individually but in some stagemll groupswill be formed. The groups are
formed on the basis of specific algorithms that are used by SCY agdwiefore, this
mission is an adaptive system for inquiry learninthe learning process is adapted by data
mining agents which use inforiti@n about students, their learning process and outcomes.

The duration of theompletemission is approximately5 hours, but depending on the level
of the work it carbe done in more or less hours.
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2 General choices for Mssion2

2.1 The topic

ECO mission is desloped for applying innovative methods and equipment for learning topics
that are covered in most of the curricula in Eurapéfluence of abiotic ecological factors

on the size of a population) how light influences the level of photosynthegis, relations
between trophic levels in an ecosystemnd iv)the concept of pH and the changes of pH in
water bodies.

The selected topics enable students to discover real life problems that appear in different areas
of Europe. By extensive use of naturasaercesi abiotic and bioticdi human beings have
changed their environment seriously. In many countries we can find lakes that are almost
lifeless because the needs of natural processes like photosynthesis, respiration, trophic
relations etc. have been ntdken into account. It has caused problems of decreasing
biodiversity and increasing pollution. This mission dssignedfor discovering natural
processes in order to understand how every person could have a positive effect on saving our
environment fothefuture.

ECO mission topics for classroom settings
available equipment. It can be decided to apply all four topics of the mission but the mission
is also applicable when only one topic has been selected, Titis mission cabe applied in

a flexible way.

2.2 Scenario

SCY uses the ternscenarioto indicate an innovative learning schema that conveys the
learning activities, tools and scaffolds, as well as ELOs and other learning resources for
students to learrscience content. The SCY scenario handbook (see DI.2) comprises 10
scenarios that differ primarily with regard to the overall approach students and their teachers
should take when engaging in a SCY missi&®@CO mission appliednquiry learning
scenario

Inquiry learning scenario enables students to acquire scientific inquiry skills and domain
based knowledge through discovering relations between dependent and independent variables.
They start from an evergay life problem, analyze the problem situatiang define research
qguestions and hypotheses. Hypotheses are tested through real experiments or using dynamic
modelling. Mobile devices like data loggers are used for collecting data from experimental
situations. The scenario can have variations deperatintpe stages of inquiry applied in a
particular caseA list of all activities and associated ELOs in ECO mission is presented in
Appendix 1.

In ECO mission students can complete the inquiry scenario up to four times. It means that
they can select four fierent topics where all inquiry stagesn becompleted.Inquiry
scenariois a perfect scenario for ECO mission while the topics of ecology give a variety of
possibilities for discovering relationships in nature. Inquiry is an approach for discovering
natural phenomena and relationships through hypothesizing and experimenting. The
experiments in ECO mission can be conducted using innovative mobile measurement devices
andthe SCY specific modelling tool.

The inquiry learning scenarimvolves a set of learning activities, which are assembled in
several Learning Activities Spaces (LAS
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Orientation

Firstly, studentsead a story about a problem situati®udents have tanalyze this
problem situation, indentifp goal state of th@roblem, identifytheir learning goals,
and means select devices, tools, and strategies to apprthasiparticular problem.

Information

Next, gudents collect additional information. They havétowse resources for topic
specific information. Thef®y, unique learning objectare composednd a list of
relevant wekbased resourceils given Students a provided with a text tool that
enables them to collect texts and images from the process of information collection.

Conceptualisation

Based on the problem identified in LAS orientation and information collected in LAS
information students have to generaesearch questions and hypotheses. Therefore,
they identify relevant concepts, variables, principles and criteria for solving each
particular problem.A glossary of missiospecific conceptsmay be used(see
Appendix 3)

Experiment

Students design arexperiment that is appropriate for testirige hypotheses
formulated earlierThey define experiment goals and design experiment. In the

case of two topics students plan and conduct a real experiment and in the case of two
othertopics they design an p&riment that can be conducted witie SCY dynamic
modelling tool.The experimental design tool will be applibére Next, students run

the experiment, import data intbe SCY specific data processing tool, organize it
there and interpret the results.

Analysis

The final stage of inquiry is making inferences on the basis of the colldatadn
this LAS students have to relate data whtypothesesn order to answer research
questions.

In SCY-Lab these learning activity spaces are not presented fargguth an explicit way. It
helps to achieve a higher level of user friendlinds$se LASs orientation, information and

conceptualisation are presented as one learning stage. In this stage, students learn

individually. The anchor ELO (Emerging Learning @) of this stage ithe hypothesis.
This anchor ELO will be applied in the next stage that corresponitis kS experiment. In
this stage students will be allocated into groups. The third stage inL&8RYs designed
according to the LAS analysis students have to develop inferences that are in line with
research questions and hypotheses formulated before.

2.3 Preliminary work

2.3.1 Expert interviews

In order to identify the main issuestbk topics othis mission, we interviewesix experts in
the domain fromEstonia,Cyprus, andhe Netherlandg¢namely,three ecologists and three

science teachexsThey were provided with a list of misconceptions and knowledge gaps
related to the four topics of the ECO mission. These lists were composed on the basis of
literature review. Experts were asked to evaluate the importance of the issues and to add new
elements intotte list if theywerefaced with additional issues. The information collected from

the literature review and expert interviews was later applied in developing mission specific
resources.
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2.3.2 Criteria set for designing a good mission

There were set mission spicicriteria for developing a mission that is relevant for different
aspects. It was agreed that ECO mission should have:

1. Relevance to school

Flexible towards grade (can be used at different levels of schoslibmissions
(activities) can be applied irgas from 13 to 19. We will focus on ages from 16 to 19
but some sulmissions should be applicable by the younger students (from 13 to 15
years) as well.

It should be curricular flexiblé applicable at least in the Netherlands, Estonia,
Norway, France, an@yprus (this mission has been developed by partners from these
countries).

2. Relevance to society

Culturally independent (can be applied in all countriés$hould consider ethical
aspects of different main cultural diversities in the Netherlands, Estdoiayay,
France, and Cyprus.

Includes science, mathematics, and sestantific issues different submissions

will be developed focused on biology, and chemistry, but mathematical issues will be
covered through analysis of data. Sosiakntific aspest will be taken into account in
designing group work in learning process, and in assessing peers work.

Combines global and local issuesmeasurements will be taken at local level but
background information and generalisations involve global aspects.

3. Relewance to science
It is multidisciplinaryi integrates biology, physics, chemistry, and reathtics

The content is scientifit there is required prior scientific knowledge and are expected
scientific learning outcomes (not only methodological or technakills and
knowledge), students are also provided with additional resources like scientific texts.

Must take care of practical work (connected to real world, authentic and realistic tasks,
can involve experts) real authentic analysis of water bodies withbile devices will
be serve as a starting point for various-subsions.

4. Relevance to students
Wide to allow creativity (Does the question to be solved favour students creativity?)
the 6hypothesis spaced i n i nagsubystydents.ycl e
Further, ideas should be theoretically validated. Methodological creativity is welcome.
Inherently motivating for girls and boys and applicable for solving problems related to
specific learning difficulties (misconceptions)

5. Relevance to SQdfoject
Some of the same elements will be used across missions. Reuse technological and
mission developmest

Pedagogical focus in relation with the description of work of the project: mobile
computing, peeassessmentfgortfolio, experimentaprocedure design/scientific
inquiry. Mission will concentrate on applying mobile devices (sensors for measuring
different ecological factors in rivers and lakes or in aquaifiwrg.,CO,, O,, pH, light
intensity, temperature) for inquiry learning.
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2.3.3 Analysis of currgulafor achieving higher relevance for schools

To investigate the overlap of reference material to be included in the mission with learning
and instruction specifications for and needs of the target group of students who will use SCY
Lab (age range of 128), we conducted an analysis of national cutacBoth curricula of
secondary school and basic school from Estonia, Cyprus, Norway, France, and the
Netherlands were included into analysis. As a result of this analysis, only the topics applicable
in all countries were selected for this mission.

Curriculum analyses in Estonia, Cyprus, Norway, France, and the Netherlands revealed that
there is overlapping in the topics covered in different countries in teaching biology, chemistry,
physics, and ma#matics It was decided that the focus of the topics #hdie directed to
secondary schools but some topics should be relevant to basic schools as well. In addition, we
had to take into account that it is reasonable to select topics that can be applied in different
subjects (lessons) but can be integrated antgeneral mission. We were lookifay topics

where the indicated factors can be measured either in real enviregonenaquara. In some

cases, simulations can be applied.

After careful analysis of the comparison of curricula in different countine=e topics were
selected in biology (B1, B2, and B3), one in physics (P1) and one in chemistryT{@&l).
detailed results are presented in Appendid We did not select a separate topic for
mathematicdecausedhis was integrated with other subjectsitér, the topic of physics was
integrated with one of the biological topics. It appeared that the problems of light waves are
too far from the scientific problems related to other issues; however, light as a physical factor
was applicable in studying phastynthesisWithin each topic a limited number of research
guestionsvas composethat can be covered in the lessons.

2.3.4 Preliminary tests in schools

Preliminary testof the mission in classroom settings will benducted inEstoniaand the
Netherlandsn Spiing 2011. A group of teachetsstedthis mission in January 2011. In 2010
a group of science teachers evaluated the content of the mission.

3 Content ofthe Mission |I

3.1 The challenge
The ECO missiorchallengeor the students is described below.

Ecosystems ansist of biotic and abiotic componeritsall living organisms and their physical
environment in a particular area. Humans have an important effect on the balance in ecosystems but
different natural factors cause changes as well. We can even see thaeicases the influence of
anthropogenicife., human) factors depend on the type and characteristics of an ecosystem. Therefore,
everyone should be awavéthe relationkipswithin an ecosystem in order to save it for our future

In this mission you willdiscover the relations between a number of ecological factors in a freshwater
water body. You will be able to discover how nutrients and pH have an effect on populations, how
light intensity determines the level of photosynthesis, and which relationsbexigeen differen
organisms in an ecosystem. The challenge of this mission is to find out the basic principles of
ecosystems so that in the future you will be able to use yoto-dgte knowledge for analysing and
solving problems of water bodies in ydacal area.

During this mission you have to develop a concept map and a video report. The concept map indicates
your knowledge about the topic before you start working on the mission and the video| report
illustrates your inquiry work. Inquiry consist¥ formulating research questions and hypotheses,
planning experiments, conducting them, analysing collected results, and making inferences.
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Good luck to you on this adventure!

P e

Figure 1. A lake as an aquatic ecosystem (Picture by Margus Pedaste).

3.2 Thelearning goals

ECO mission is designed for developing stude
content is developed for the age groups from (13) 16 to 19 and is in accordance with curricula

in Estonia, the Netherlands, Norway, Cyprus, andn€e.General and domain specific

learning outcomesan be outlined

1. General learning goals

After successfully completing the mission the students are able:
- to identify a problem from various situated information sources (narratives, videos,
animations),

- to identify learning goals arttiefinal state of a problem,

- to effectively manage their work (taking and revising appropriate notes),

- to critically analyse various information,

- to formulate hypotheses that contain measurable dependent and independaes,varia
- to plan and monitor their learning process and to evaluate it in an appropriate way,
- to design an experiment for testing hypotheses,

- to analyse and interpret data,

- to relate data with hypotheses ahdinitial problem,

- to design a model of a phenonoa.

2. Domain specific learning goals

After successfully completing the mission the students are able:
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- to explain the relations between a) the level efa@d population size (plants and
animals), b) the level of COand population size (plants and animatg),light and
population size (plants), d) the environmental factors and pH of water, e) light and
photosynthesis/respiration, f) temperature and the level of photosynthesis/respiration,
e) light conditions and photosynthesis/respiration g) biomass/nubhtmeganismsn
different trophic levels in an ecosystem;

- to apply the missiospecific concepts in biology (abiotic and biotic factors,
photosynthesis, respiration, population size, trophic levels), physics (propagation of
light, temperature), chemistrplil) in a conceptually coherent way,

- to model the changes and balance in an ecosystem (leve}, €@, pH, light,
population size, temperature),

- to apply domairspecific experimental procedures (measurement,pCQ,, pH, light,
population size, temperag).

3.3 Details of the scenario

3t

ECO mission scenariosr esent ed t o flowere (see figurde calted missisn a
map Students should start their woek the heart o f t he whérd they avill get
acquainted with the challenge of the mission and are able to discover two general anchor
ELOs (Emerging Learning Objectshat will be developed based on the outcomes from the
petals.Each petal corresposdo one of the four differertbpics.From the final point of every

petal students should go back to the heart.

pH and aquatic
ecosytem

Problem Problem

II} solution solution 11)
Inferences
Inferences
Hypotheses Hypotheses
Q e, Q
N m Challaﬁ;e
Concept m;ép @ 20 :
» m -«
7, Video rermilrP
-, o
VY. Y
Hypotheses
Hypotheses Q Q
Inferences Inferences
ZI) Problem Problem III
solution solution

Figure 2: ECO mission map.

Thetwo central generahssignments the hearof the mission maprethe development of a
concept map anthe composition o& video reportThe first one should be done before and
after topic specific activities. The video report should be made continuously when completing
the topic specific part. The petals of thewer refer to the particular topic€ach petal
corresponds to one inquiry de.
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At the beginning of each inquiry cycle, a text prese¢he problem students have to deal with
(seet he 4 AProbl em pappendixB).timeadh dopigthe stedentsiskonld |,
produce the same anchBt.Os namely hypotheses, inferences, and problem solution. The
students can develop their concept map after completing eachTbpicideo report should

be made either related to one particular topic or as a generalized work on the basis of video
clips fromdifferent topics.

In each of the topics different additional intermediate ELOs are produced: hypothesis is based
on problem formulation and research question; inferences derive from results collected from
experiment that is conducted according to an erpartal procedure firstly developed by
students and later compared with one made by the developers of the mission; problem
solution should be based on the inferences.

3.3.1 Big picture

The ELOs are organized into learning activity spaces (LAS) and several tools are applied in
production of them. In the process of ELO production students are provided with appropriate
guidance and resourcds. some points agentswg input for increasing the effectiveness of

the learning procesd he Big Picture of the mission (Figu® gives an overview othe
navigation through LASs amaf the input/outpuanchor ELO$roduced in these LASs.

concept

e —>  LASORIENTATION ~\\/

LAS

_-" ’ CONCEPTUALISATICN
video _____..-—""' k
W- == LAS INFOEMATION ;
,l
I s
N problem PR ! e ’

AN ;
SasIs- solution - -7
-
\\\“-.‘_‘ ~—Z - - _- hypotheses
3\ ~ - ‘f
-~

N ~ - - - -
e L D I 5
LAS ANATYEIS / ___________ LAS EXFERIMENT

Figure 3: Big picture of ECO mission.

The mission starts from getting acquainted with the mission map which is a guide for the
different activities of the missiointhere can be seen icons of general assignments and all four
topics. The solid arrows in thmission map show how the students should move through the
general assignments and one of the topics. During the learning process it is possible to avoid
linearity but the picture demonstrates the most efficient way of learning in ECO mission.
Dashed arrowshow the movements that should be taken by the students in order to achieve
better results but these are not necessary. For example, a student can make his or her plan of
the learning process but some results can be achieved even without any plan.

3.3.2 ELGOsin ECO mission

3.3.2.1 ELO types
The ELOs that will be developed in ECO mission are the following:
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- concept map (composed using SCYMapmer basis dbackground picture)

- unformatted text (problem formulation, research questions, hypotheses, inferences,
problem soltion, link for the video report in YouTube; composed withtext tool)

- experimental procedure (composed udixgerimental design topl

- dataset (imported by DataProcessingTool from Vernier software or composed based on
the results of using SCYDynamics)

In addition, SCYDynamics modelsvill be applied by students but at least by now these
models willnotbe produced by students
- model (accessed and used by SCYDynamics)

And finally,
- an ELO as video report will be produced and presented outside ofLSKCYn
YouTube wherea$SCY-Lab video tool will be used for accessing and playing this
video.

3.3.2.2 ELOs and LASs

The table below summarizes all the ELOs per LAS, with a specification of the anchor ELOs
(followed by the letter A). The anchor ELOs are the one visibllearmission map.

Name of ELOs
(anchor ELOs followed by the letter A)

LAS General ELOs outside of inquiry scenario

Conceptualizatior] e Concept map of relations in an ecosys{é&n

Orientation e Video report(A)

ELOs of the 4 inquiry cycles

Conceptualizatior e Research questions
e HypothesiqA)

Experiment e Experimental procedure
e Data from real experiment
or Data from SCYDynamics model
e Processed data (no ELO template visible)

e InferenceqA)

Analysis e Solution of the problenfA)

3.4 Description of resources

3.4.1 Data resources

Data for making the inferences in ECO mission is collected in two different ways depending
on the topic. In 2 topics out of 4 pdefined models are used and in other 2 cases data is
collected from real experiments with mohilevices.
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3.4.1.1 SCYDynamics models

SCYDynamics is a modelling environment. It can be used to create abstract, mathematical
models of realvorld phenomena, either simple or complex. Oaadeveloper or learner has
created a model, SCYDynamics will do all the cidtonsaccording to the input parameters
set by the userSo SCYDynamics will let study processes and relations between variables,
without having to do the mathematical wdrkthe end user

The workspace in the middtg the toolis where you can find éhmodelor build your own
model(see Figure 4)Any SCYDynamics model is built from the following symbols:

call ed

e Rectangl es. The rectangles are
decrease or increase over time.

e Straight arrows (with two small &Zin gl es ) .

These

ar

SCY

r ows

ar

used to add or subtract the change over time from stocks. Flows are either connected
to another stock or to a cloud.

e Di amonds. These are called 6constantsbo

e Circles. Thecites are called o6auxiliariesd6 and
feed them into flows (or other auxiliaries). The auxiliaries are defined by a certain
equation.

e Smal | arr ows. These ar e call ed 6rel at i
constarg and stocks known to auxiliaries, ahdrice versai feed the result of the
calculations of an auxiliary into flows (or other auxiliaries).

[£] 5CY-Lab : scy in ECO mission e =RRCIN X
T 2 =3O
SCYDynamics model =
ﬁ Save model Save as model Save as dataset
g f&editor rgraph rl:ltahle |
dl &
o
=]
= b
™
O
o
%
o mortality
& growth
affinity P max_growth_rate  mortality_rate
i affinity_N
=
)¢ © -
ye s

7

0Ss

e

an
t

on

Figure 4. SCYDynamicsmodelof t he topic ANutrients and primary pro
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Each of the symbolgn the model is clickable for changing the input parameters or even

relations of the elements in the model. However, this part of the model is just for building or
modifying a system. For running the model in order to collect data a graph view and table

view are available. In the graph viesegFigure 5) there can be selected variables and their

input valued for drawing one or multiple graphs. This feature enables students to test their

hypotheses for finding relations between several variables. In litee\teew GeeFigure 6)
can be run the same tests but the output wilalsata table. This data can be saved as a
dataset ELO for analysing it further with Data Processing tool available in the same LAS.

|£| SCY-Lab: scy in ECO mission & S8

= [ E) [ |

NN

=

b d

Wy

-~

— B0

SCYDynamics model les

Save model Save as model

Save as dataset

% editor | 3 graph rl:ltahle |

variable selection
variable selection

W [ | (aux) mortality
M [ (aux) growth

B ¥ (stock) Biomass

values

W mortality rate 055 |
mriz |

mnis

Wamnty P02 |

W max_growth rate [135 |
Waffinity N [56 |
WBiomass 1|

X
»

q I

[1v] |

4]

graph

I I
] 2

multiple plots

4

[

I I
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Figure 5: Graph tool within the SCYDynamicsmo d e |

ECO mission.

of

t
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%] SCY-Lab: scy in ECO mission M Ml = - - . - - — — = | E
A
b HH P
2 — =20
.YDvnami(:s model ==
ﬁ Save model Save as model Save as dataset
[ ;
( % editor graph ™ table |
E Il mortality_rate [0.59 | table
[ time Biomass
mrE i T~
mnfo | o 1022
L 2
W affinity_P [0.2 gi 1 ggf T
W max_growth_rate [1.35 0.5 1116
| 0.6 1.14
W affinity_N |56 0.7 1166
0.8 1191
Il Biomass |1 0.9 1.218
1 1.245
simulation settings 1.1 1.272
. 1.2 1.3
start time 0.0 L 13 1329
stop time 10.0 14 1.359
1.5 1.3689
time step 0.1 16 1.419
L ethod euler 17 1451
o= h 18 1483
| run simulation export to sqv 1.9 1616
2 1.549
= = 21 T584] |
X q i [T ] 22 1.618]>
& _}
= ==

Figure 6: Dat a table produced within the SCYDynamics mode
productiondo in ECO mission.

3.4.1.2 Mobile devices

In two out of four topics of the ECO missiaeal experiments are conducted for data
collection. In this case students use mobile data collection devices like those provided by
Vernier (seenttp://www.vernier.con). Data collected with the tools can be imporiei the
SCY-Lab using Data Processing Tool. In the ECO mission there are used sensors for
measuringdissolved oxygen levelight intensity,temperature, angH level over time and
different conditions. The experimera® described in Appendix 3.

3.4.2 Instructions and ssignments

The learning process in SEab is guided through instructions and assignments. Instructions
are given in the level of LAS (see Figure 7). There are written steps that should be taken in
particular LAS and given the suggestemfjgence. In addition the curtains contain learning
goals that have to be achieved in completing the assignments in the LAS.
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r

(%] SCY-Lab : scy in ECO mission % W . - - . - - _— — o
= E
Inferences
] -
In order to test if your previously stated hypotheses are correct, you have to run some || D

experiments. Here you can compose the following assignments:

1. Experimental procedure. First you have to plan your experiment. For that, open the [nferences
"Experimental procedure"” ELO and follow all the instructions given in the drawers.

2. Data collection. after your experimental procedure is finished, you will conduct the
experiment outside the SCY-Lab and collect the data.

3. Data analysis. Open Data processing tool and analyze the data collected from your
Bxperiments.,

4, Formulating inferences, Open the "Inference” ELO and make your inferences.

After formulating your inferences, open the mission
map and move next to the Problem solution
space.

Learning goals
After successfully completing the assignments, you are able
to act as a researcher and:

* plan experiments for testing your hypotheses;
* carry out real experiments by using mobile measurement

devices;
* analyse, visualise and interpret data gathered from your L
expenments;
* relate your research findings with the hypotheses and |
formulate inferences; -
| y | 4 y | 4 ¥
Glossary Problem formulation Research questions Hypotheses

=
X

P _ "

L = — = = = =

Figure 7: Curtain with instructions and learning goals in Experiment LAS of ECO mission.

Concrete assignments are related toBEh®s. Each ELO has a set of drawers. The first of
them contains assignments and related guidelines (see Figure 8). The assignments give to
students information what should be done to produce a specific ELO. In addition some
information is predefined withn the ELO.
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[ %] SCY-Lab : scy in ECO mission e W . = | E ||
PP s 2 _E0

[
. 5 ELO 5 ELO
F| | Open data processing tool e aveEloas

and analyse data collected || -

fram your experiments and g & ﬂ ﬂ g ﬁ ﬂ
make your inferences, The |
structure of 2 good Write here your inferences.

inferences is the same that (|
is in the case of hypothesis,

Here you can find
guidelines far inferences.

_theses

=
(

=
X
AP Ja

Figure 8 Drawer with an assignment and link tothe guidelines in the case of ELO Inferences in ECO
mission.

The assignmentand guidelinegonnected t@ach ELO arelescribed in detailsy Appendix
2.

3.4.3 Information resources
All these resarces are given in Appends
A Glossary: The glossary of the ECO missisravailable at anytime for the students.
Here hey can find all definitions of all relevant concepted inthe mission.The
glossary is the same for all topics while it hefjtadents to develop links between
these topics in order to achieve coherency.
A Links to websites: Lists of websites are proposed to students to help them find easily
relevant informationThere have been given different lists for each of the topics.
A Texts d theory: There are provided several illustrated texts of theory per each topic.
These give students an opportunity to rely on theory in formulating their hypotheses.
e Resourced or t h €he influgncecof nidtrients on primary production
(B1): i) Phytgplankton and primary production, i) Nutrients, iii)
Eutrophication
e Resources or t hTehe roledd liglat in Bcosystems ( B2 ) i) Ecos
ii) Light, iii) Photosynthesis.
e Resources or t hRelatiortsigp betwe@n trophic levels in an ecosystem
(B3): i) Feeding sources of organisms, ii) Food chains and food webs, iii)
Trophic levels, iv) Decomposers, v) Transfer of energy and matter, vi) Aquatic
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ecosystems, Vvii) Interactions between species, vii) The impact of prey
predator relationship on tleharacteristic features of species.

e Resources or t hEhe domcept of pHiand changes oftpH ( C1) i)
concept of pH, ii) pH indicators, iii) pH metdar) Influence of pH on aquatic
life, v) Water hardness

A Problem presentations
A Expert experimeat plans
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4 Appendices

Appendix 1:Mandatoriesactivities and associated ELOs in ECO mission
Appendix2: Overview of the main ELOs in Mission 2

Appendix3: Information resources

Appendix4: Resources for teachers
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4.1 APPENDIX 1: Mandatoriesactivities and associated ELOs in ECO mission
Type of activity ivi
Number LAS ELO in the ECO mission Individual or
(from WP1) group work
Concept mapf relations
1 Build a model | Conceptualization in an ecosyster(g_ene_ral Individual
ELO outside of inquiry
scenario)
Identify Video report (general ELC
2 _ Orientation outside of inquiry Group
learning goals scenario)
Identify relevant
concepts,
3 variables, Conceptualization Research question Individual
principles and
criteria
Generate o _ o
4 Conceptualization Hypothesis Individual
Hypotheses
Design an
5 Experimental Experiment Experimental procedure Group
procedure
10a. Data from real
_ _ experiment
6 Run experiment Experiment Group
10b. Data from
SCYDynamics model
7 Organize data Experiment FITEEESEE dgtg (1= Group
template visible)
8 Interpret data Experiment Inferences Group
Relate data with
9 hypothesis / Analysis Solution of the problem Individual
theory
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4.2 APPENDIX 2: Overview of the main ELOs in Mission 2

Appendices 4.2.1 to 4.2.6 give information about the main ELOs in mission 2. For each ELO,
this section lists the learning goals and describes the connection of this ELO with the
scenario, the resource$ettools and other ELOs. For each ELO, the associated assignment
and guidelines are presented in textboxes.

4.2.1: Concept map 4.2.5: Topic B3: Relationship between
4.2.2: Video report trophic levels in an ecosystem

4.2.3:Topic B1: The influence of nutrients 4.2.5.1: Problem formulation

on primary production 4.2.5.2: Research questions
4.2.3.1: Problem formulation 4.2.5.3: Hypotheses
4.2.3.2: Research quest®n 4.2.5.4: Experimental procedure
4.2.3.3: Hypothes 4.2.5.5: Data from real experiment
4.2.3.4: Experimental procedure 4.2.5.5: Data frm SCYDynamic model
4.2.3.5: Data from SCYDynamioodel 4.2.5.6: Inferences
4.2.36: Inferences 4.2.5.7: Problem solution
4.2.3.7: Problem solution 4.2.6: Topic C1: The concept of pH and
4.2.4: Topic B2: The role of light in changes of pH
ecosystems 4.2.6.1: Problem formulation
4.2.4.1: Problem formulation 4.2.6.2: Research questions
4.2.4.2: Research question 4.2.6.3: Hypotheses
4.2.4.3: Hypothe=s 4.2.6.4: Experimental procedure
4.2.4.4: Experimental procedure 4.2.6.5: Data from real exparent
4.2.4.5: Data from real experiment 4.2.6.6: Inferences
4.2.4.6: Inferences 4.2.6.7: Problem solution

4.2.4.7: Problem solution

4.2.1 Concept map
A The assignment

Students aresked b construct a concejphap about relations in a freshwater ecosystEme.
concept map is composed befareinquiry cycle andomplemented at the end of each topic

A Connection to pedagogical scenario

Organisation Individual work

LAS Conceptualization

Activities Build a model
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CEIRIGREEISE Domain specific learning goals

The students are abie:

- explain the relationdbetween a) the level of O2 and population s
(plants ad animals), b) the level &8O, and population size (plants a
animals), c) light and population size (plants), d) the environmental fg
and pH of water, e) light and photosynthesis/respirafjaemperature an
the level of photosynthesis/respiration, e€) light conditions
photosynthesis/respiration g) biomass/number of organisms on dif
trophic levels in an ecosystem;

- apply the missiorspecific concepts in biology (abiotic and bidiactors,
photosynthesis, respiration, population size, trophic levels), ph
(propagation of light, temperature), chemistry (pH) in a concept
coherent way

- model the changes and balance in an ecosystem (lev&, &O,, pH,
light, population sie, temperature),

A Relation with tools

ELOs needed REN]ls

Tools SCY-Mapper

Resources None

Concept map

An aqguatic ecosystem is an ecosystem located in a body of water. There live commu
organisms that are dependent on each other and oretivsionment. The two main types
aguatic ecosystems are marine ecosystems and freshwater ecosystems.

Make your own freshwater ecosystem as a concept map by adding the factors that co
dynamics of the system (influencing factors, dependent factlmtermining factors an
outline environmental functions).

hities of
of

ntrol the
d
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Figure 9: Background picture for the concept map in SCY ECO mission.

4.2.2 Video report
A The assignment
Students aresked tomake a video report about their inquiry work.

A Connection topedagogical scenario

Organisation Group
LAS Orientation
Activities Identify learning goals

CEIGIRe[eEISN General learning goals

The students are alties
- identify learning goks and final state of a problem;

- effectively manage their work (takiregnd revising appropriate notgs)

- plan and monitor their learning process and to evaluate it i
appropriate way.
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A Relation with tools

ELOs needed REN]jls

Tools YouTube link tool

Resources None

Video report

Throughout this mission you are going to perform one or several experiments that have

something to do with aquatic ecosystems. Instead of writing a traditional, written rep
paper about these experiments, you are going to receidea report. In this video report

ort on

you will focus on one particular experiment you have conducted. In this video report you will
explain to your audience.€., the rest of the class, friends, family) what experiment you have

done, and what the results are.

- Form a group ofour students.

- Decide what experiment from which topic will be the focus of your video.
- Your video must have the following chapters:

1. Introduction of the problem

Explain the particular situation or the problem that was the starting point ofrgsearch
Provide some general background information when necessary.

2. Research questions and hypotheses
Cleary state your research questions and hypotheses.
3. Experimental procedure

Describe the experiment you have performed. You can film the actpatigental setip in
the classroom or science lab, or show the computer model you have been working on.

4. Results of your experiment

Briefly discuss the results of your experiments. You can also incorporate video stills
graphs and figures you hageeated.

5. Conclusions

of the

Briefly discuss the main conclusions of your investigations. Also make some references to the

general problem that was mentioned in the introduction.
- The total duration of your video must not exceed 5 minutes.

- When you are writig a report, you probably spend some time formulating your sentences

and thinking about what particular information has to be in the report, and what can
out. You will do the same here. So instead of just starting to film out of the blue, yo
write a very simple storyboard for each particular scene that you want to shoot

be left
u will
. This

storyboard should at least contain some important keywords that you can use as anchors while

filming. It is often a good idea to discuss your storyboards with your teache

- A final note on assessment: the main goal of the video report is to inform your audie
the work you have done. It is of course permitted to use your creativity and sense of h

but not at the expense of théarmative aspects of the video.

nce on
umour,
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Video report manual
You can use any type of camera, and any kind of editing software, during the pro

making your video report. Once your video is finished, you will upload your vide

YouTube, and then place a link to your vide®&i@Y-Lab.

Shooting your video

See the manual of your camera for instructions.

Editing your video

There are many different programmes you can use to edit your video. One comm«;

use programme is Windows Movie Maker. Some basic instructions for Windows |

Maker ae given here [link to user manual WMM, see following page].
Uploading your video to YouTube

Go towww.youtube.com T o Vi
already have an account, ick O0Create
|l ogged i n, click o6Uploaddéd and the yell
can brovse to the video you want to upload, give the video a title and set some prefe
|l mportant: enter

able to find your video once it has been uploaded.
Placing a link in SCY-Lab

Savethe link to your video infSCY-Lab. Hereis a special tool for that the YouTube video
link tool.

upl oad vyour

cl

deo you

N

i STagsfield Tlis wishi, o (arm mthers) will b

cess of
o to

pasy
Movie

eed a
accou
oOow but
rences.
¢ he

Windows Movie Maker manual

Windows Movie Maker is fairly easy to use. Below are some basic instructions. Fo
detailed instructions, see the tutorials)

http://www.microsoft.com/windowsxp/using/moviemaker/getstarted/default. mspx

- Open WMM (or download it fromwww.microsoftcom).

- First you have tamport all the video material you want to use to your computer. In W
you can choose between two menus: Tasks and Collections. Choose the Tasks me
6Capture from video devicebd. [ Icdomputeo, wlick
6l mport videod.] WMM will ask you to g
can alter some basic settings (resolution, etc.), but the default settings are genera
Then you can start actually capturing your video cljpst start your camera in playba
mode and click oO0Start Captured to begi

click 6Stop Captured and O6Finisho.

-The video materi al you have imported
WMM will cut your video material intghorter clips if you right-click on the video icon ar
choose O6Create Clipsbo.

- At the bottom side of the window you see either a Storyboard or a Timeline. This is
you actually compose your video from individualpsli Simply drag the clips to the
Storyboard or Timeline in the order you want.

-Probably you dondét want to use all cl i
suitable €.g.,shaking images) or a clip may be simply too long. You twan a clip by
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selecting it, and playing the clip in the Preview Monitor (on the right side of the window) to

the exact point where you want to cut Jit. CI
In the Storyboard (or Timeline) you can see that the ofligili@a is now divided into two
sections. Delete the section of the clip you do not want to use.

-Under 02. Edit M cspeciad featuyessuch asatitles, videbfieatst
transitions between clips.

-Click o0Save to my chmpuitden®) (@amde rwWMM3 .wi Fil
compilation of clips (including titles, transitions, etc.) iotwe (final) movie

4.2.3 Topic B1: The influence of nutrients on primary production

4.2.3.1 Problem formulation
A The assignment

The goal of this assignment tig identify a problem froma narrative based on an everyday
situation.

A Connection to pedagogical scenario

Organisation Individual

LAS Information

Activities Read text
Browse resources for specific information

WCEIGIRe[eEISN General learning goals

Thestudents are abte:
- identify a problem from various situated information sources (narrat
videos, animations)

- critically analyse various information

A Relation with tools
ELOs needed NS
Tools SCY Text editor
Resources Problem presentatigtexts of theory, list of websites
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Formulating a problem

You have read the story of Otto and Sylvia, having difficulty catching any fish in the green
lake. The story of Otto and Sylvia is of course mageBut the problem of the green lakes is
real: many freshwater bodies in Europe and other continents aemttyiin a state wherg
certain species of algae are very abundant, but where there are hardly any fish anymare. Your
job is to find out what abiotic component makes the algae grow so abundarstlyd&isome
background readingAfter you have become acgimted with the most important terms and
concepts related to this phenomenon, try to formulate the main problem in a few sentences
(50 words maximum).

Now you have to formulate with your own words the main problem in this situation.

4.2.3.2 Research questions
A The assignment

The goal of this assignmenttsformulate research questions.
A Connection to pedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Identify relevant concepts, variables, principles and criteria

CEIRIQGEEIE General learning goals
The students are abie

- critically analyse various information
- formulate research questions.

A Relation with tools
ELOs needed REN]ls
Tools SCY Text editor

Resources Texts of theory, list of websites

Formulating research questions

You have become familiar with the most important concepts and factors that are involved in
the problem of the algafled lake. Now you are going to use the dynamic model you have
seen to find out more about the relations between these faStwisstead of doing a real
experiment, you will perform a virtual experiment. First, you have to formulate a couple of
research questions. A research question precisely describes what you want to find out. If you
are interested i nqueshicatheniya cam reddgame dguidelines.s ¢ ar ¢ h

Now you have to formulate your research questions.
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Guidelines for formulating research questions
- Choose a question that istrtoo broad and not too narrow.

- A question has to be researchal®ey(, you have to be able to collect the right data)
feasible using available resources (time, equipment, etc.).

- A good research question contains one independent factor and one dependent factor
-00pend questions are usuestidn.y more usef

and

u l t h.

-A useful phrase could be: oO6what is the

r el

4.2.3.3 Hypotheses
A The assignment

The goal of this assignment is to pose hypotheses in relation to the previously formulated

research questions.

A Connection topedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Generate hypotheses

CEIRIGEEIE General learning goals
The students are abie

- formulate hypotheses that contain measurable dependent and indep
variables.

A Relation with tools

SROISNELEL Il Research questions
Tools SCY Text editor

Resources Texts of theory, list of websites

Formulating hypotheses
In the previous step, you have formulated a number of research questions. Maybe you
have someideaserx pect ati ons about the answers

already
to

your hypotheses. The goal of this step is to formulate a hypothesis for each research guestion.
I f you are interested in what is as.6good?d

Now you have to pose your hypotheses.
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Guidelines for formulating hypotheses

- A hypothesis is a clear and concise statement which expresses the expected ans
question.

- A hypothesis has to be testable.

wer to a

- A hypothesisdoes not have to be corredt;your hypothesis turns out to be false, that

doesnot mean your research was not suc¢g

-Manyhypot heses are phemséd atatie memt s.

4.2.3.4 Experimental procedure
A The assignment
The goal of this assignmentts designranexperimental procedure.

A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Design an experimental procedure

LG Re[e IS General learning goals
The students are abie:

- design an experiment for testihgpotheses

A Relation with tools

SROIIELEL I Research questions, hypotheses

Tools SCY Experimental design

Resources None

essfu

Making experimental procedure

Before you actually start performing your experiments, you have to describe what you
do. In other words, you have to wri@n experimental procedure An experimenta
procedure is a detailed, stbg-step description of an experiment. Even when ptan to
execute the experiment yourself, your experimental procedure has to be precise ar
Another person should have enough information to perform the experiment in the san

An experimental procedure is usually composed lgftaf tasksthathave to be carried out.

All instructions must specify thenaterials that should be used, and tparameters that
define the taske(g.,the quantities of substances, the input parameters of a device, et

plan to

d clear.
ne way.

C.). An

example of a certaib® mMasbhbfcocoldthbhen &Smeas hr a

In SCY-Lab, there is a tool that is specifically designed for describing your experimn
procedures. Use this tool to carry out your task. Since you are not going to perform 3

ental
iny real

experiments, the instructions in your experimental procedure do not mentionaaeryais.
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However, you still have to provide details on the steps that you will undertake. An exan
such a step could be: o6run the model wi
1000 emol /Il) and a fixkld, vahdesaVvephhbsjq

There is a special tool in SClab that supports you in this process but you can also
some guidelines.

nple of
th fi
pHat es

read

Now you have to plan your experimental procedure.

Guidelines for designing arexperiment
Here are some guidelines tmaight help you to make your experimental procedure:
- The list of tasks is complete. All parameters and materials are specified.

- The list of tasks is structured in such a way that it is easy to understand. Tasks c
organized in steps and sateps

- The variables described in the research question(s) correspond with the parameters
be changed during the experiment.

ould be

that will

- Only one variable will be changed at a time.

4.2.3.5 Data from SCYDynamics model
A The assignment

The goal of this assignment is to run experiments with SCYDynamics model and collect data.

A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Run experiment

EIGIRe[eEISM Domain specific learning goals

The students arableto:
- model the changes and balance in an ecosystéiotic factorsprimary
productior).

A Relation with tools

SNOIN L[l Experimental procedure

Tools SCYDynamics

Resources Expert experimental procedure
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Conducting the experiment withSCYDynamics

Now it is time to actually carry out your experiments. If you have gone through a
preparatory work seriously, this will not be too difficult. Work seriously and accurately,
al | data carefully (themoes ohang dewatioms frond yo
original experimental design.

If you are going to work with SCYDynamics for the first time, it is a good idea to com
this introductory task firdlink to Introduction to SCYDynamics task]

If you are already familiawith SCYDynamics, you can start performing your own (virty

experiments. You are going to start with the simple model. For your experiments y
change the following variabl es: ONOG (n
O0Bi omlaltses 6vari ables o6affinity PO6, oOaffin

biological constants and remain unchanged.

Now itoés your time to start with exper
could help you at this stage [link experimental procedure].

Il the
store
arw O d

aO)

plete

jal)

DU can
trate
ity N

I ment i

Introductory assignment for SCYDynamics

SCYDynamics is a modelling environment. It can be used to create abstract, mathe
models of realvorld phenomena, either simple or complex. Once you have created a
SCYDynamcs will do all the calculations for you. So SCYDynamics will let you st
processes and relations between variables, without having to do the mathematic
yourself. To illustrate what SCYDynamics can do, please have a look at the following
[link to simple population model]

The workspace in the middle is where you can find the model (or build your own model).

Any SCYDynamics model is built from the following symbols:

-RectanglesThe rectangles are called O6stocks
or increase over time.

- Straight arrows ( wi t h t wo small triangles). The
add or subtract the change over time from stocks. Flowsittwer connected to another stq
or to a cloud.

-Diamonds.These are called 6constantsodé and

-Circles. The <circles are called dauxiliarie
them into flows (or other auxiliges). The auxiliaries are defined by a certain equation.

-Small arrows. These are called o6rel ati ons©®6. T
and stocks known to auxiliaries, andrsice versai feed the result of the calculations of
auxiliary intoflows (or other auxiliaries).

Probably this sounds a bit abstract. T
model presented here as an example.

-The stock in this model i's call ed 0pchk
represents the size of a population of fish (at a certain time). If you ddidieon the stock
symbol, you can view its settings. As you can see, the start value is 1000. In other wa
start our simulation with 1000 fish.

matical
model,
udy

al work
model

hey ar
an

D make

pul at.i

rds, we
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- When new fish are baor the population size increases (which can be inferred from the flow
going into the stock at the left side). Doubld i cki ng on the conijstant
value of 0. 2. I f you click on the awuens| i ary
Each timestep, the population size is multiplied by 0.2. The outcome of this calculatjon is
then added to the original population.

- When fish die, the population size decreases. Deulldlei c ki ng on the| const
reveals a value of 0.1. S@ach timestep the population size is multiplied by 0.1. The
outcome of this calculation is then subtracted from the original population. In other words, 10
percent of the population dies each tigtep.

Now that you more or less understand the mods time to see it in action. At the top of the
window you see three tabs: editor, graph and table. Until now you have been working in the
editor tab. You can use the other tabs to run the model and to make the results visible.

-Go to the tab o6graph©o.

- In the left upper corner you can select which variables you want to make visible. |Select
Opopul ati ono.

- The start time is set at 0.0. Set the stop time at 10.0.

-Click o6run simulationd. You see a graph app
increases exponentially over time.

-Go back to the 6editordé tab, and change the
and see what the effects of your changes are.

4.2.3.6 Inferences
A The assignment

The goal of this assignment is to organize iaerpret data in order to make inferences.
A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Organize data
Interpret data

CEIGI RIS General learning goals
The students are alties
- analyse and interpret data;

- relate data wit hypotheses.
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A Relation with tools

SROLNEIL [l Data from SCYDynamics model, hypotheses

Tools SCY Data processing tool, SCY Text editor

Resources None

Applying the Data processing tool in order to make inferences

Open data processirtgol and analyse data collected from your experiments and make your
inferences. The structure of a good inference is the same that it is in the case of hypothesis.
Thus, you can revise guidelines given for that [link to guidelines].

If you have gathered #arge collection of numerical data, it is often a good idea to
(re)organize it in a structured and convenient way. You want to present your data tihagiich
it is easy to understand what measurements you have made and what the outcome of your
experiments is. You are going to plot your data in a diagram.

For the data with a fixed phosphate concentration, create a diagram with biomass growth (in
cellsllhontheyaxi s and nitrate ¢ o0n ecariNn hvesidate thexshape n & m
of the diagram. If you are acquainted with logarithmic scales, try what happens if you ¢change
the scale of the-axis from a linear to a logarithmic scale.

For the data with a fixed nitrate concentration, create a diagram with biomass growth (in
cellsly onthey-axi s and phosphate conevasnihvesigatethe (i n
shape of the diagram. If you are acquainted with logarithmic scales, try what happens if you
change the scale of theaxis from a linear to a logarithmic scale.

4.2.3.7 Problem solutn
A The assignment

The goal of this assignmeistto formulate solution to thieitial problem situation
A Connection to pedagogical scenario

Organisation Individual
LAS Analysis
Activities Relate data with hypothesis/theory

CEIGIRRe[eEISN Generalearning goals

The students are alties

- relate data witlinypotheses and initial problem.
Domain specific learning goals

The students are alties
- explain the relations between abiotic and biotic factors;

- apply the missiosspecific concepts ibiology (abiotic and biotic factors
primary productiohin a conceptually coherent way;
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- model the changes and balance in an ecosysibiutic factorsprimary
production).

A Relation with tools

SN s/l Problem formulation, inferences
SCY Text editor

Resources Problempresentation

Formulating a solution for the topic-specific problem

The outcome of your experiments must now be compared with the hypotheses that were
formulated. Looking at the data, try to draw conclusions for each ofrgsearch questions.
Each hypothesis can be either correct or incorrect.

Now it is time to make your conclusions and to solve the problem. There might help you some
guidelines.

Guidelinesfor solving the problem
- If your hypothesis turns out to be cotregou can move on to other research questipns.
Sometimes, your data will also give rise to new research questions.
-1'f your hypothesis turns out to be ingorrec
not successful. Knowing that your hypothesia s f al s e, i s al so o¢6new Kk
it is even possible to give an answer to your research question right away. In other cases, it is
necessary to construct a new hypothesis and to design and run new experiments.
- Another conclusion might be ah your data are insufficient to draw any definitjve
conclusions. Then it might be a good idea to change your experimental design and { or run
more experiments.

4.2.4 Topic B2: The role of light in ecosystems

4.2.4.1 Problem formulation
A The assignment

The goal ofthis assignment is to identify a problem from a narrative and video based on an
everyday situation.

A Connection to pedagogical scenario

Organisation Individual

LAS Information

Activities Read text

Browse resources for specific information

CEIGIRs[e I General learning goals
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The students are abie
- identify a problem from various situated information sources (narrat
videos, animations)

- critically analyse various information

A Relation with tools
SMOER[ITe[To M None
Tools SCY Text editor
Resources Problem presentation (text and video), texts of theory, list of websites

Formulating a problem

Now you have to formulate with your own words the main problem in this situation.
Therefore, you should think on, what are the abiotic l@intic components in the ecosystem
described by Otto and Silvia and what happens to the ecosystem when disaster, a massive oil
spill occurs.

4.2.4.2 Research questions
A The assignment
The goal of this assignment is to formulate research questions.

A Connection topedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Identify relevant concepts, variables, principles and criteria

CEIRIGEEISE General learning goals
The students are abie

- critically analyse various information
- formulate research questions.

A Relation with tools
ELOs needed HENelE
Tools SCY Text editor

Resources Texts of theory, list of websites
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Formulating research questions

You have been given the task as a researcher to further investigate light enehgyvain
might influence aquatic plants. Propose some questions that you could use to
i nvestigate | ight energyoés influence of

Now you have to formulate your research questibn you ar e i ntere

)

N

hypothesighen you can read some guideliriigsk to the guidelines].

4.2.4.3 Hypotheses
A The assignment

further

aqua

sted

The goal of this assignment is to pose hypotheses in relation to the previously formulated

research questions.
A Connection to pedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Generate hypotheses

LG Re[e IS General learning goals
The students are abie
- formulate hypotheses that contain measurable dependent and indep

variables.

A Relation with tools

RO/l Research questions

Tools SCY Text editor

Resources Texts of theory, list of websites

Formulating hypotheses

Now you have to pose your hypothesed. you are interested
then you can read some guidelirfizsk to theguidelines].

4.2.4.4 Experimental procedure
A The assignment
The goal of this assignment is to design an experimental procedure.
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A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Design an experimental procedure

CEIRIGEEIRE General learning goals
The students are abie:

- design an experiment for testing hypotheses

A Relation with tools

SROLYEIL [/l Research questions, hypotheses

Tools SCY Experimental design

Resources None

Making experimental procedure

Plan anexperiment where you study the effect of the light intensity on the oxygen
concentration in water produced by plant. You have to use a light sensor and an oxygen probe
to measure light intensity and concentration of oxygen in water.

Now you have to playour experimental procedur@&here is a special tool in SE¥ab that
supports you in this process but you can also read some guidiilket® the guidelines].

4.2.4.5 Data from real experiments
A The assignment

The goal of this assignment is to conduct real experiments by using Vernier mobile
measurement devices and collect data.

A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Run experiment

WCETRIReEISR Domain specifidearning goals

The students are abtie:
- to apply domairspecific experimental procedg (measurement of O
light, temperature).
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A Relation with tools

=SNG [Toll Experimental procedure

Tools Mobile devices

Resources Expert experimental procedure

Conducting the experiment in real

Now i tds your ti me Experimantal procedure debelomed lyy expartsne nt i
could help you at this stage. [link to experimental procedure]

Plan how you will record the data from your experiment. Youusanboth a table and a graph
to illustrate your results. There are also some tips for conducting this experiment:
-Dondét use common energy saver bulbs fo|lr thi:
- The light spectrum of energy savers is not appropriate for photosynthesis.
- Pull the curtains and trim the lights in your room to minimize the experiment constrain|ng
light.
- Let the water from the tap to flow in to the beaker with steady small stream without getting
air bubbles.

- The water should be at room temperatureZ28C).

4.2.4.6 Inferences
A The assignment
The goal of this assignment is to organize and interpret data in order to make inferences.

A Connection to pedagogical scenario

OIERIRE Ul Group

LAS Experiment

Activities Organize data
Interpret data

CEIRIGIEIE Generalearning goals
The students are abie
- analyse and interpret data;

- relate data wit hypotheses.

A Relation with tools

SROSCIEL I/l Data from real experimenthypotheses

Tools SCY Data processing tool, SCY Text editor

Resources None

41 of 206



DVIILII SCY

Applying the Data Processing tool in order to make inferences

Open data processing tool and analyse data collected from your experiments and ma
inferences. The structure of a good inference is the same that it is in the case of hyp
Thus, you canavise gidelines given for thdtink to theguidelines]

Make illustrations with your experimental data using the data processing tool HL&LY

4.2.4.7 Problem solution
A The assignment
The goal of this assignment is to formulate solution to the initial probitmation.

A Connection to pedagogical scenario

Organisation Individual
LAS Analysis
Activities Relate data with hypothesis/theory

WEIGIRe[e IS General learning goals

The students are abie

- relate data witlinypotheses and initial problem.
Domainspecific learning goals

The students are abie

- explain the relations between light conditions and
photosynthesis/respiration;

- apply the missiorspecific conceptsin biology (photosynthesis
respiration) and physicéight) in a conceptually coherentay;

ke your
othesis.

- model the changes and balance in an ecosyseenl 6fO,, CO,, light).

A Relation with tools

SN Sl Problem formulation, inferences

Tools SCY Text editor

Resources Problem presentation

Formulating a solution for the topic-specificproblem
Now it is time to make your conclusions and to solve the problem. There might he

p you

some guidelinefink to the guidelines].
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4.2.5 Topic B3: Relationship between trophic levels in an ecosystem

4.25.1 Problem formulation

A The assignment

The goal of thisassignment is to identify a problem from a narrative based on an everyday

situation.
A Connection to pedagogical scenario

Organisation Individual

LAS Information

Activities Read text
Browse resources for specific information

CEIRIGIEIE Generalearning goals

The students are abie
- identify a problem from various situated information sources (narrat
videos, animations)

- critically analyse various information

A Relation with tools

ELOs needed EN[]gls

Tools SCY Text editor

Resources Problem presentation, texts of theory, list of websites

Formulating a problem

Otto and Sylvia are in front of a paradox situation: they observed that pikes (predator ¢
might outnumber roaches (prey species). Your task is to help Otto and Syblaénetheir

pecies)

observation. First, you can do some reading on the most important topics of the background

theory concerning relationships between trophic levels in an ecosystem, characteri
aquatic ecosystems, and piengdator interactiondifpk to texts of background thedryThen,
you can browse a series of websites, which illustrate relationships between trophic
aquatic ecosystems, and piengdator interactionslipk to web pagds While doing the

stics of

levels,

background reading and browsing the welggs, your task is to focus on the parameters
involved in preypredator interactions (namely, population sizes of the prey and predator
populations, and population trends of prey and predator populations in time). After you

become familiar with the most portant aspects of these phenomena, you will try

formulate the main problem you will address.
Note that the formulation of the probl

should not involve any type of human intervention as a cause,lsintan interventions have

to

em

(i

been excluded as a cause of the observed phenomenon during the discussions Otto and Sylvia

had with local fishermen.
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Please formulate the problem in your own words and use the knowledge you received from
your additional reading?lease be as concise as possible in formulating the problem and keep

your formulation below a maximum of 50 words.

Now you have to formulate with your own words the main problem in this situation.

4.2.5.2 Research questions
A The assignment
The goal of this assigment is to formulate research questions.

A Connection to pedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Identify relevant concepts, variables, principles and criteria

WEIGIRe[e IS General learning goals
The students arableto:

- critically analyse various information
- formulate research questions.

A Relation with tools
ELOs needed ENelE
Tools SCY Text editor

Resources Texts of theory, list of websites

Formulating research questions (game simulation)

By now you have to be able to handle the most important concepts necessary to describe

relationships between trophic levels, aquatic ecosystems, anepnedstor interactions.
Aquatic ecosystems can contain a number of fish species. As in terrestrigtesss there

are predator and prey populations among fish species. Let us say that in a lake th
population of four pikes (predator population) and ten roaches (prey population). Th
step of your investigation involves experimentation with aang modelling of the prey
predator relationship. First, you have to read the description of the game simulation (S

ere is a
e next

ee next

section). Afterwards, you have to formulate your main research questions. The research

questions will have to be related to the resftithe game simulation and should describe W
you want to find out through the game modelling. Note that each research questi
formulate should contain only variables, which you are able to measure by collecting ¢
the game modelling of the gy-predator relationship. Most frequently, research quest
attempt to address a possible relation between two variablgs @Vhat is the relatior
between variable 1 and variable? 2 ) . You can start by d
measured by thgame modelling. You can also read the description of the [djakje

hat
on you
lata by
ions

ef i ni
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Now you have to formul ate your research ques

hypothesis then you can read some guidelines [link to the guidelines].

Description of thegame simulation

This game will simulate the interaction between the prey and the predator populatior
will form two initial groups: The prey group, and the predator group. Students adhering

s. You
to the

prey group will represent individuals of the prey plagion, whereas students in the predator
group will represent individuals of the predator population. The individuals of the predator

population will attack and feed on individuals of the prey population. But there are rules
€ eating ongeateh:i | e ... bei

while

e Each individual of the predator population captures one individual of the prey population

per unit of time.

e Each individual of the prey population that is captured is transformed into an individ
the predator population.

e Allindividuals of the predator population capture prey.
e If an individual of the predator population cannot find any prey, it is transformed

prey.
A boy or a girl will have to record the number of pikes and roaches for each point in

He/she will also monitor the balv i our of O6pi kesd and Oro
game are followed. You will play the game by following the rules for ten units of time.

Formulating research questiongSCYDynamics model)

ual of

into

time.
achesi

By now you have to be able to handle the most important concepts necessary to describe

relationships between trophic levels, aguatic ecosystems, angneastor interactions. Th
next step of our investigation involves experimentation with a-pregate model. This

e

model will simulate the interaction between the prey and the predator populationsaryjiou

find this model in SCYLab.

In the model interface, you can find a visual representation of theppeegtor relationship.

Stocks stand for the pregnd predator populations, respectively. The prey populatid
assumed to grow (inflow arrow) according to a rate, which is analogous to the produg
population size and the factor r (natural growth factor of the species). The prey pop
decreass according to a rate, which depends on the prey population size, the p|

n is

t of its
ulation
redator

population size, and the factor b (ability of the predator individuals to catch and feed an prey

individuals). In a few words, the change in the size of the prey populataeriieed by its

own growth minus the rate, at which it is preyed upon by the predator. The predator

population growths according to a rate, which is proportionate to its population size,

population size of the prey population, and to the factor itltgatf the predator population tp

to the

convert the prey biomass consumed into predator biomass). The predator population

decreases according to a rate which is analogous to its population size and the factor ¢

(natural

death coefficient of the species). Thtiee change in the predator population can be explained

as growth due to predation, minus natural death. You can plan simulations using this

model,

by changing the values of the parameters (dedld& on the variables). Then, you can

observe the resultf the simulation in the graph or table interface of SCYDynamics. Notg
you have to choose the Ruri§atta-Fehlberg integration method to display the graph.

that
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At this point, you have to formulate your main research questions. The research questi
have to be related to the result of the model simulation and should describe what you
find out through the simulation. Note that each research question you formulate

contain only variables, which you are able to measure by collecting déte lsymulation of
the preypredator relationship. Most frequently, research questions attempt to add

ons will
want to
should

ress a

possible relation bé&vhavie the relationdetweanrvariabtellesd (e .
variable22 6) . You can st ar t atlwan banedsuredibytige similagionv ar i a
Now you have to formulate your research questibons. you are i nterested
hypothesis then you can read some guideliimg@sto guidelines]
4.2.5.3 Hypotheses
A The assignment
The goal of this assignment i8 pose hypotheses in relation to the previously formulated
research gquestions.
A Connection to pedagogical scenario
Organisation Individual
LAS Conceptualization
Activities Generate hypotheses
CEIRIGEEIE General learning goals
The students arableto:
- formulate hypotheses that contain measurable dependent and indep
variables.
A Relation with tools
RO/l Research questions
Tools SCY Text editor
Resources Texts of theory, list of websites
Formulating hypotheses(game simulation)
In the former step, you formulated a number of research questions concerning the game
modelling. You might be already able to guess the outcome of the game modelling, namely,
you might be able to write down your expectations about the results of thengaaeding.
These ideas will represent a possible answer to your research questions. In the frame of
scientific inquiry, these expectations| are t
questions, hypotheses attempt to relate measurable variBbiesieans that hypotheses need
to include variables which should me measurable through the game modelling. In the |case of
hypot heses, however, the formul ation Kol |l ows
variable 1 increases, then variable 2 demse$ ) . This type of for mul
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because hypotheses formulated as o0i fé
rejected, which adds to the validity and reliability of the experimental procedure.

Note that the proper organization of the experimental procedure does not presupp
confirmation of your research hypotheses, since this will be tested after the recording
data that will be derived by the game simulation. Indeed, many sciexpgeriments led t(
valuable knowledge exactly because they led to the rejection of a research hypothes
rejection of an expected siddéfect of a medicine).

Now you have to pose your
then you can read some guidelines [link to the guidelines].

hypot he dypahesis

DVIII.

t her

ose the
) of the
)
5is (e.g.,

f vyo

Formulating hypotheses(SCYDynamics model)

In the former step, you formulated a number of research questions concerning the sim
You might be already able to guess the outcofrteeosimulation, namely, you might be at
to write down your expectations about the results of the simulation. These ideas will re
a possible answer to your research questions. In the frame of scientific inquiry,
expectationsotahesd<xd@.mells OWgp the case

attempt to relate measurable variables. This means that hypotheses need to include
which should me measurable through the simulation. In the case of hypotheses, howe

formulation f ol | ows the type of Ibvarfalde 1 incrbases, éhé
variable 2 decreasés) . This type of formulation i
as O6ifé, thenéd statements can b e vadityand

reliability of the experimental procedure. Note that the proper organization o

experimental procedure does not presuppose the confirmation of your research hyp
since this will be tested after the recording of the data thabwitlerived by the simulatior
Indeed, many scientific experiments led to valuable knowledge exactly because they le
rejection of a research hypothesis (e.g., rejection of an expectedff@deof a medicine).

Your assignment is to formulate a lngpesis for each research question already defined.

Now you have to pose your hypothese$. you are interested

ulation.

Dle

present
these

wi t h
variables
pver, the

n st at
S pre
2 r con
f the
otheses,

.
d to the

w h

then you can read some guidelinigsk to guidelines]

4.2.5.4 Experimental procedure
A The assignment

The goal of thisassignment is to design an experimental procedure.
A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities

Design an experimental procedure
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CEIRIGEEIRE General learning goals
The students are abie:

- design arexperiment for testing hypotheses

A Relation with tools

SO CEL el Research questions, hypotheses

Tools SCY Experimental design

Resources None

Making experimental procedure(game simulation)

Before conducting the game simulation, you need to desthide/arious actions you are
going to perform in order to run your experiment. The sequence of the steps you are going to
follow is called experimental procedure. The description of the experimental pro¢edure
should be detailed. Another person should reveugh guidance to run the same experiment

by following the same procedure. You will use the Eipental Design Tool in SCXY.ab.
The Tool will request your research questions and hypotheses, which you have already
formulated. Then, you will describe thergeral principle of your experiment, where you will
need to specify the variables you will examine during the experiment.

Note that you have to specify your dependent variable (i.e., the parameter, which corresponds
to the observed result of the experimeahd one or more independent variables (j.e.,
parameters you will manipulate in order to observe their impact on the dependent variable).
For example, we can investigate the impact of various quantities of water, which will be
supplied to a plant (indepéent variable: water supply measured in litres) to the development

of the plant measured in terms of plant height (dependent variable: plant height measured in
centimetres).

Now you have to plan your experimental procediiteere is a special tool i8C¥Lab that
supports you in this process but you can also read some guidiilket® the guidelines]

Making experimental procedure (SCYDynamics model)

Before conducting the model simulation, you need to describe the various actions you are
going to rform in order to run your experiment. The sequence of the steps you are going to
follow is called experimental procedure. The description of the experimental pro¢edure
should be detailed. Another person should have enough guidance to run the samesekjperim
by following the same procedure. You will use the Experimental DeBogih in SCY-Lab.
The Tool will request your research questions and hypotheses, which you have [already
formulated. Then, you will describe the general principle of your experimeetewlou will
need to specify the variables you will examine during the experiment.

Note that you have to specify your dependent variable (i.e., the parameter, which corresponds
to the observed result of the experiment) and one or more independent vafiables
parameters you will manipulate in order to observe their impact on the dependent variable).
For example, we can investigate the impact of various quantities of water, which will be

supplied to a plant (independent variable: water supply measulig@si) to the development
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of the plant measured in terms of plant height (dependent variable: plant height meas
centimetres).

Organize your actions in subsequent steps. Each step will include a number of actior
that, if you have more thame independent variable, you should change only one of ther
time, so that the observed impact on the dependent variable can be attributed
independent variable. While defining your questions, hypotheses, principles, stef
actions, you caradd any comment you believe must be made so that the experi
procedure will be intelligible.

Now you have to plan your experimental procediiteere is a special tool in SEMab that

sured in

1S. Note
n at a
to that
s, and
mental

supports you in this process but you can also read some guidiilket® guidelines]

4.2.5.5 Data from real experiments
A The assignment
The goal of this assignment is to play the game simulation and collect data.

A Connection to pedagogical scenario

OIENIRE Ul Group

LAS Experiment

Activities Run experiment

WCETRIG[e I Domain specific learning goals

The students are abie
- model the changes and balance in an ecosyspapulation sizes o
different trophic levels

A Relation with tools

SROI LIl Experimental procedure

Tools None

Resources Expertexperimental procedure

Conducting the game

By now, you have prepared the experimental procedure you will follow in order to rur
experiment. You have defined your dependent variable and your independent variabl
have also organized your specifictions in subsequent steps.

If all the abovementioned activities have been completed, you are ready to run
experiment. Play the game simulation by paying attention to the rules of the game and
the steps described in the experimental proeedliake notes during the experiment @
record any peculiar event or finding. Put the result of the experiment in your portfolio.

Now itoés your ti me Experisméntalprocedurie tieleloper pyexp

1 your
es. You

your
1 follow
and

prtce nt i

could help you at this stadknk to experimental procedure]
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4.2.5.6 Data from SCYDynamics model
A The assignment
The goal of this assignment is to run experiments with SCYDynamics model and collect data.

A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Run experiment

CEIRIGEEISE Domain specific learning goals

The students are abie
- model the changes and balance in an ecosyspapulation sizes o
different trophic levels

A Relation with tools

SROLY L[l Experimental procedure

Tools SCYDynamics

Resources Expert experimental procedure

Conducting the experiment with SCYDynamics

By now, you have prepared the experimental procedure you will follow in order to run your
experiment. You have defined your dependent variable and your miksgevariables. You
have also organized your specific actions in subsequent steps.

If all the abovementioned activities have been completed, you are ready to run| your
experiment. Use SCYDynamics and follow the steps described in the experimental gracedur
Take notes during the experiment and record any peculiar event or finding. Put the result of
the experiment in your portfolio.

Now itds your ti me .tExperiménglrptocedutie idvelopex byexpertsie nt i
could help you at this stagink to experimental procedure]

4.2.5.7 Inferences
A The assignment
The goal of this assignment is to organize and interpret data in order to make inferences.

A Connection to pedagogical scenario

Group
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LAS Experiment

Activities Organize data
Interpret data

CEIRIGEEIRE General learning goals
The students are abie:
- analyse and interpret data;

- relate data wit hypotheses.

A Relation with tools

SNOENIL s Data from game simulation or Data from SCYDynamics model, hypotl

Tools SCY Data processing tool, SCY Text editor

Resources None

Applying data processing toolin order to make inferences

You have already recorded the population sizes of the prey and predator populations. You can
now use the Data Processing Tool and construct a graph depicting the change of the prey and
predator population sizes in time. Plot the time (10 units of timghenx-axis. Plot both
populations (i.e., the prey and predator population) on the sa@wasy so that you can
compare their change in time. In order to do so, you have to set the scale feattse Find
the maximum and minimum value of population sif@sboth populations. These extreme
values should define the range of thexs.

Open data processing tool and analyse data collected from your experiments and make your
inferencesThe structure of a good inference is the same that it is in the cdsgathesis
Thus, you canavise guidelines given for thiink to guidelines]

4.2.5.8 Problem solution
A The assignment

The goal of this assignment is to formulate solution to the initial problem situation.
A Connection to pedagogical scenario

Organisation Individual
LAS Analysis
Activities Relate data with hypothesis/theory

CETGI N[ General learning goals
The students are abie
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- relate data witlihnypotheses and initial problem.
Domain specific learning goals
The students are abie

- explain the relations betwedmomass/number of organisms on differen
trophic levels in an ecosystem

- apply the missiorspecific conceptsn biology (population size, trophi
levelg and physicslight) in a conceptually coherent way;

- model the changeend balance in an ecosystepogulation sizes).

A Relation with tools

SN s/l Problem formulation, inferences
Tools SCY Text editor
Resources Problem presentation

Formulating a solution to the topicspecific problem

You have already concluded teeperimental procedure and addressed your hypotheses| Now
you can formulate a solution to the problem you have defined at the beginning [of the
procedure. Go back to the problem and try to explain the situation based on the result of the
experimental procure.

Now it is time to make your conclusions and to solve the problem. There might help you some
guidelinedlink to guidelines]

4.2.6 Topic C1: The concept of pH and changes of pH

4.2.6.1 Problem formulation
A The assignment

The goal of this assignment is igentify a problem from a narrative based on an everyday
situation.

A Connection to pedagogical scenario

Organisation Individual

LAS Information

Activities Read text
Browse resources for specific information

CEIGIRe[eEISN General learning goals

Thestudents are abte:
- identify a problem from various situated information sources (narrat
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videos, animations)
- critically analyse various information
A Relation with tools
ELOs needed RNl

SCY Text editor
Problem presentatiokexts of theory, list of websites

Tools

Resources

Formulating a problem

Europe, although inputs of acid rain being higher than in Scandinavia. Your tagk aat

formulate the problem in your own words, using the knowledge you received from
additional reading.

Now you have to formulate with your own words the main problem in this situation.

4.2.6.2 Research questions
A The assignment
The goal of this assignment is to formulate research questions.

A Connection to pedagogical scenario

Now you have read the story about Otto and Anna, who are puzzled about why acid rain does
not have the same effect on aquatic life in Estonia as they do in Sweden. Acidification of
water bodies duto acid rain has been linked to disappearance of fish not only in Sweden, but
also in Norway and Scotland. Whereas there were no evidence of such impact further south in

the reasons why acid rain raises the acidity of water in some countries, whereas |n other
countries pH of water bodies remains stable despite of acid rain. Firstly, you should do some
additional reading (link to list of websites and backgrouormation). Secondly, you should

your

Organisation

Individual

LAS

Conceptualization

Activities

Identify relevant concepts, variables, principles and criteria

Learning goals

General learningoals
The students are ahie

- critically analyse various information
- formulate research questions.

A Relation with tools

ELOs needed

None

Tools

SCY Text editor
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Texts of theory, list of websites

Formulating research questions

Now you have read the additional information and know a bit more about acid rain and its
influence on aquatic life in case of different composition of bottom materials of water bodies.
Soon you are going to perform an experiment using mobile devices in orded touti how,
acid rain can change pH of water and, also, how different ground types influence pH of water.
But before to that you should formulate two or three research questions.

A

I f you are interested in what | sdelmesfimkdoo d o
guidelines].

Now you have to formulate your research questions.

4.2.6.3 Hypotheses
A The assignment

The goal of this assignment is to pose hypotheses in relation to the previously formulated
research questions.

A Connection to pedagogical scenario

Organisation Individual

LAS Conceptualization

Activities Generate hypotheses

CEIRIGEEIE General learning goals
The students are abie

- formulate hypotheses that contain measurable dependent and indep
variables.

A Relation with tools

S RO [d Ml Research questions
Tools SCY Text editor

Resources Texts of theory, list of websites

Formulating hypotheses

Now you have formulated research questions. In writing the research questions you probably
had some assumptions of what the ansveensld be. These assumptions are also called

hypotheses. Your next assignment is to formulate one hypothesis for each research question.
A hypothesis is a statement, which usually
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I f you are i nt er e pdthesis thennyouwdnaetd sonse gudelideg pin
guidelines].

Kk tb 6

Now you have to pose your hypotheses.

4.2.6.4 Experimental procedure
A The assignment
The goal of this assignment is to design an experimental procedure.

A Connection to pedagogical scenario

Organisation Group

LAS Experiment

Activities Design an experimental procedure

CEIRIGEEIE General learning goals
The students are abie

- design an experiment for testing hypotheses

A Relation with tools

SROYEIL [l Research questionsypotheses

Tools SCY Experimental design

Resources None

Making experimental procedure

In order to see, if your hypotheses are correct, you have to run some experiments.
experiments, you will examine the influence of different types of grounzHoof water. Also
you