
 

 

DVIII.II  

SCY-mission 2 

Authors 

Caspar Geraedts (PRAK), Jony Heerink (ST), Tasos Hovardas (UCY), Rachel Julien 

(UJF), Priit Link (UTE), Margus Pedaste (UTE), Heli-Anneli Villako (UTE), Jaanika 

Piksööt (UTE), Arle Puusepp (UTE), Marieke Rinket (ST), Tago Sarapuu (UTE), 

Jakob Sikken (UT), Martine Van der Zanden (PRAK), Maksim Zinakov (UTE), Vibeke 

Vold (UiB) 

SCY-mission 3 

Authors 

Caspar Geraedts (PRAK), Cecilie Hansen (UiB), Ard Lazonder (UT), Constantinos 

Manoli (UCY), Marieke Rinket (ST), Olia Tsivitanidou (UCY), Nicoletta Xenofontos 

(UCY), Zacharias Zacharia (UCY) 

 

Science Created by You (SCY) 

(Project number IST-212814) 

Date: 24-02-2011 

 

Dissemination level: 
 PU Public 

 PP Restricted to other programme participants (including the Commission Services) 

 RE Restricted to a group specified by the consortium (including the Commission Services) 

 CO Confidential, only for members of the consortium (including the Commission Services) 

 

© 2011, SCY consortium 

 

 



DVIII.II   SCY 

2 of 206 

 

 

 

 

 

 

 

 

 

 

 

Page intentionally left blank 

  



SCY DVIII.I  

  3 of 206 

 

 

 

 

 

General table of contents 

 

SCY Mission 2: ECO mission .................................................................................................. 4 

 

SCY Mission 3: A healthy pizza .......................................................................................... 110 

  



DVIII.II   SCY 

4 of 206 

 

 

 

 

 

SCY Mission 2 

 

ECO mission 

 

 



SCY DVIII.I  

  5 of 206 

Executive summary 

This document is a description of Mission 2 ï a mission that enables students to discover 

relationships in ecosystems. The content of this mission is delivered in the SCY learning 

environment, SCY-Lab, where it is possible to test the mission. Here you can find a full 

description of Mission 2 but also of several materials that are developed and applied in the 

design process of the mission. We present the resources that are available for students in 

SCY-Lab as well as resources that help teachers in applying ECO mission in their lessons. 

The materials for teachers should be useful for 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 part contains a description of a pedagogical plan and the associate 

ELOs that students will have to produce. 
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1 Introduction  

SCY Mission 2 is designed for discovering general principles in an ecosystem. 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 selected 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 that is needed for 

applying a complete inquiry cycle. Inquiry learning as a modern approach for learning science 

is the guiding scenario applied in ECO mission. 

This mission is divided into four topics that can be applied separately but form a coherent 

learning cycle if the teachers or learners decide to go through all of them. This gives more 

flexibility in using ECO mission in schools without regard of the available time. All topics are 

related with each other through two general assignments. Firstly, students develop a general 

concept map about relations in an ecosystem on the basis of their pre-knowledge and develop 

it further after completing each topic. Secondly, students are asked to make a video report that 

illustrates the inquiry processes that they have applied. In each topic students have read a 

story in which a problem is embedded. Next, they have to read background theory, formulate 

research questions and hypotheses, plan an experiment, conduct it either using mobile 

measurement devices or the SCYDynamics modelling tool, analyse collected data and make 

inferences that can be used for solving the initial problem. 

ECO mission is designed for students from the age of 16 up to 19. The students start the 

learning process individually but in some stages small groups will be formed. The groups are 

formed on the basis of specific algorithms that are used by SCY agents. Therefore, this 

mission is an adaptive system for inquiry learning ï the learning process is adapted by data 

mining agents which use information about students, their learning process and outcomes. 

The duration of the complete mission is approximately 15 hours, but depending on the level 

of the work it can be done in more or less hours. 
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2 General choices for Mission 2 

2.1 The topic 

ECO mission is developed for applying innovative methods and equipment for learning topics 

that are covered in most of the curricula in Europe: i) influence of abiotic ecological factors 

on the size of a population, ii) how light influences the level of photosynthesis, iii ) relations 

between trophic levels in an ecosystem, and 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 natural resources ï abiotic and biotic ï 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 not taken into account. It has caused problems of decreasing 

biodiversity and increasing pollution. This mission is designed for discovering natural 

processes in order to understand how every person could have a positive effect on saving our 

environment for the future. 

ECO mission topics for classroom settings can be selected according to teachersô aims and 

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. Thus, this mission can be applied in 

a flexible way. 

2.2 Scenario  

SCY uses the term scenario to indicate an innovative learning schema that conveys the 

learning activities, tools and scaffolds, as well as ELOs and other learning resources for 

students to learn science 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 mission. ECO mission applies Inquiry 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 every-day life problem, analyze the problem situation, and define research 

questions 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 depending on the stages of inquiry applied in a 

particular case. A 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 different topics where all inquiry stages can be completed. Inquiry 

scenario is 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 

and the SCY specific modelling tool. 

The inquiry learning scenario involves a set of learning activities, which are assembled in 

several Learning Activities Spaces (LAS): 
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1. Orientation 

Firstly, students read a story about a problem situation. Students have to analyze this 

problem situation, indentify a goal state of the problem, identify their learning goals, 

and means ï select devices, tools, and strategies to approach this particular problem. 

2. Information 

Next, students collect additional information. They have to browse resources for topic 

specific information. Thereby, unique learning objects are composed and a list of 

relevant web-based resources is given. Students are provided with a text tool that 

enables them to collect texts and images from the process of information collection. 

3. Conceptualisation 

Based on the problem identified in LAS orientation and information collected in LAS 

information students have to generate research questions and hypotheses. Therefore, 

they identify relevant concepts, variables, principles and criteria for solving each 

particular problem. A glossary of mission-specific concepts may be used (see 

Appendix 3). 

4. Experiment 

Students design an experiment that is appropriate for testing the hypotheses 

formulated earlier. They define experiment goals and design an experiment. In the 

case of two topics students plan and conduct a real experiment and in the case of two 

other topics they design an experiment that can be conducted with the SCY dynamic 

modelling tool. The experimental design tool will be applied here. Next, students run 

the experiment, import data into the SCY specific data processing tool, organize it 

there and interpret the results. 

5. Analysis 

The final stage of inquiry is making inferences on the basis of the collected data. In 

this LAS students have to relate data with hypotheses in order to answer research 

questions. 

In SCY-Lab these learning activity spaces are not presented for students in an explicit way. It 

helps to achieve a higher level of user friendliness. The LASs orientation, information and 

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

individually. The anchor ELO (Emerging Learning Object) of this stage is the hypothesis. 

This anchor ELO will be applied in the next stage that corresponds to the LAS experiment. In 

this stage students will be allocated into groups. The third stage in SCY-Lab is designed 

according to the LAS analysis ï 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 issues of the topics of this mission, we interviewed six experts in 

the domain from Estonia, Cyprus, and the Netherlands (namely, three ecologists and three 

science teachers). They 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 into the list if they were faced 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 specific criteria 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 school) ï sub-missions 

(activities) can be applied in ages from 13 to 19. We will focus on ages from 16 to 19 

but some sub-missions should be applicable by the younger students (from 13 to 15 

years) as well. 

It should be curricular flexible ï applicable at least in the Netherlands, Estonia, 

Norway, France, and Cyprus (this mission has been developed by partners from these 

countries). 

2. Relevance to society 

Culturally independent (can be applied in all countries) ï should consider ethical 

aspects of different main cultural diversities in the Netherlands, Estonia, Norway, 

France, and Cyprus. 

Includes science, mathematics, and social-scientific issues ï different sub-missions 

will be developed focused on biology, and chemistry, but mathematical issues will be 

covered through analysis of data. Social-scientific aspects will be taken into account in 

designing group work in learning process, and in assessing peers work. 

Combines global and local issues ï measurements will be taken at local level but 

background information and generalisations involve global aspects. 

3. Relevance to science 

It is multidisciplinary ï integrates biology, physics, chemistry, and mathematics. 

The content is scientific ï there is required prior scientific knowledge and are expected 

scientific learning outcomes (not only methodological or technical skills 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) ï real authentic analysis of water bodies with mobile devices will 

be serve as a starting point for various sub-missions. 

4. Relevance to students 

Wide to allow creativity (Does the question to be solved favour students creativity?) ï 

the óhypothesis spaceô in inquiry cycle is for generating creative ideas by students. 

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 SCY project 

Some of the same elements will be used across missions. Reuse technological and 

mission developments. 

Pedagogical focus in relation with the description of work of the project: mobile 

computing, peer-assessment/e-portfolio, experimental-procedure design/scientific 

inquiry. Mission will concentrate on applying mobile devices (sensors for measuring 

different ecological factors in rivers and lakes or in aquarium ï e.g., CO2, O2, pH, light 

intensity, temperature) for inquiry learning. 
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2.3.3 Analysis of curricula for 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 12-18), we conducted an analysis of national curricula. Both 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 mathematics. It was decided that the focus of the topics should be 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 into a general mission. We were looking for topics 

where the indicated factors can be measured either in real environments or in aquaria. In some 

cases, simulations can be applied. 

After careful analysis of the comparison of curricula in different countries three topics were 

selected in biology (B1, B2, and B3), one in physics (P1) and one in chemistry (C1). The 

detailed results are presented in Appendix 4.4. We did not select a separate topic for 

mathematics because this was integrated with other subjects. Later, 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 photosynthesis. Within each topic a limited number of research 

questions was composed that can be covered in the lessons. 

2.3.4 Preliminary tests in schools 

Preliminary tests of the mission in classroom settings will be conducted in Estonia and the 

Netherlands in Spring 2011. A group of teachers tested this mission in January 2011. In 2010 

a group of science teachers evaluated the content of the mission. 

3 Content of the Mission II  

3.1 The challenge 

The ECO mission challenge for the students is described below. 

Ecosystems consist of biotic and abiotic components ï all 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 that in some cases the influence of 

anthropogenic (i.e., human) factors depend on the type and characteristics of an ecosystem. Therefore, 

everyone should be aware of the relationships within an ecosystem in order to save it for our future. 

In this mission you will discover 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 relations exist between different 

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 your up-to-date knowledge for analysing and 

solving problems of water bodies in your local 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 consists of 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! 

 

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

3.2 The learning goals 

ECO mission is designed for developing studentsô inquiry skills in the context of ecology. Its 

content is developed for the age groups from (13) 16 to 19 and is in accordance with curricula 

in Estonia, the Netherlands, Norway, Cyprus, and France. General and domain specific 

learning outcomes can 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 and the final 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 independent variables, 

- 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 and the initial problem, 

- to design a model of a phenomenon. 

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 of O2 and population size (plants and 

animals), b) the level of CO2 and population size (plants and animals), c) 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/number of organisms in 

different trophic levels in an ecosystem; 

- to apply the mission-specific concepts in biology (abiotic and biotic factors, 

photosynthesis, respiration, population size, trophic levels), physics (propagation of 

light, temperature), chemistry (pH) in a conceptually coherent way, 

- to model the changes and balance in an ecosystem (level of O2, CO2, pH, light, 

population size, temperature), 

- to apply domain-specific experimental procedures (measurement of O2, CO2, pH, light, 

population size, temperature). 

3.3 Details of the scenario 

ECO mission scenario is presented to the students as a ñflowerò (see figure 2), called mission 

map. Students should start their work at the heart of the ñflowerò where they will get 

acquainted with the challenge of the mission and are able to discover two general anchor 

ELOs (Emerging Learning Objects) that will be developed based on the outcomes from the 

petals. Each petal corresponds to one of the four different topics. From the final point of every 

petal students should go back to the heart. 

 

Figure 2: ECO mission map. 

 

The two central general assignments in the heart of the mission map are the development of a 

concept map and the composition of a video report. The 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 the flower refer to the particular topics. Each petal 

corresponds to one inquiry cycle. 
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At the beginning of each inquiry cycle, a text presents the problem students have to deal with 

(see the 4 ñProblem presentationò sections, appendix 3). In each topic, the students should 

produce the same anchor ELOs, namely hypotheses, inferences, and problem solution. The 

students can develop their concept map after completing each topic. The video report should 

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

clips from different 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 experimental 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 resources. In some points agents give input for increasing the effectiveness of 

the learning process. The Big Picture of the mission (Figure 3) gives an overview of the 

navigation through LASs and of the input/output anchor ELOs produced in these LASs. 

 

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 mission ï there can be seen icons of general assignments and all four 

topics. The solid arrows in the mission 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 arrows show 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 ELOs in 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 SCYMapper on a basis of background picture) 

- unformatted text (problem formulation, research questions, hypotheses, inferences, 

problem solution, link for the video report in YouTube; composed with the text tool) 

- experimental procedure (composed using Experimental design tool) 

- dataset (imported by DataProcessingTool from Vernier software or composed based on 

the results of using SCYDynamics)  

In addition, SCYDynamics models will be applied by students but at least by now these 

models will not be produced by students 

- model (accessed and used by SCYDynamics) 

And finally, 

- an ELO as video report will be produced and presented outside of SCY-Lab in 

YouTube whereas 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 visible in the mission map. 

 

 Name of ELOs 

(anchor ELOs followed by the letter A) 

LAS General ELOs outside of inquiry scenario 

Conceptualization  Concept map of relations in an ecosystem (A) 

Orientation  Video report (A) 

 ELOs of the 4 inquiry cycles 

Conceptualization  Research questions 

 Hypothesis (A) 

Experiment  Experimental procedure 

 Data from real experiment 

or Data from SCYDynamics model 

 Processed data (no ELO template visible) 

 Inferences (A) 

Analysis  Solution of the problem (A) 

 

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 pre-defined models are used and in other 2 cases data is 

collected from real experiments with mobile devices. 
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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 real-world phenomena, either simple or complex. Once a developer or learner has 

created a model, SCYDynamics will do all the calculations according to the input parameters 

set by the user. So SCYDynamics will let study processes and relations between variables, 

without having to do the mathematical work by the end user. 

The workspace in the middle of the tool is where you can find the model or build your own 

model (see Figure 4). Any SCYDynamics model is built from the following symbols: 

 Rectangles. The rectangles are called óstocksô and represent a quantity which may 
decrease or increase over time. 

 Straight arrows (with two small triangles). These arrows are called óflowsô and are 

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

to another stock or to a cloud. 

 Diamonds. These are called óconstantsô and they represent a fixed value. 

 Circles. The circles are called óauxiliariesô and they are used to calculate values, and 

feed them into flows (or other auxiliaries). The auxiliaries are defined by a certain 

equation. 

 Small arrows. These are called órelationsô. They are used to make the values of 
constants and stocks known to auxiliaries, and ï vice versa ï feed the result of the 

calculations of an auxiliary into flows (or other auxiliaries). 

 

 

Figure 4: SCYDynamics model of the topic ñNutrients and primary productionò in ECO mission. 
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Each of the symbols in 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 view (see Figure 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 the table view (see Figure 6) 

can be run the same tests but the output will be a data table. This data can be saved as a 

dataset ELO for analysing it further with Data Processing tool available in the same LAS. 

 

Figure 5: Graph tool within the SCYDynamics model of the topic ñNutrients and primary productionò in 

ECO mission. 
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Figure 6: Data table produced within the SCYDynamics model of the topic ñNutrients and primary 

productionò in ECO mission. 

 

3.4.1.2 Mobile devices 

In two out of four topics of the ECO mission real experiments are conducted for data 

collection. In this case students use mobile data collection devices like those provided by 

Vernier (see http://www.vernier.com/). Data collected with the tools can be imported into the 

SCY-Lab using Data Processing Tool. In the ECO mission there are used sensors for 

measuring dissolved oxygen level, light intensity, temperature, and pH level over time and 

different conditions. The experiments are described in Appendix 3. 

3.4.2 Instructions and assignments 

The learning process in SCY-Lab 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 suggested sequence. In addition the curtains contain learning 

goals that have to be achieved in completing the assignments in the LAS. 

http://www.vernier.com/
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Figure 7: Curtain with instructions and learning goals in Experiment LAS of ECO mission. 

 

Concrete assignments are related to the ELOs.  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 pre-defined within the ELO. 
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Figure 8: Drawer with an assignment and link to the guidelines in the case of ELO Inferences in ECO 

mission. 

 

The assignments and guidelines connected to each ELO are described in details in Appendix 

2. 

3.4.3 Information resources 

All t hese resources are given in Appendix 3. 

Á Glossary: The glossary of the ECO mission is available at anytime for the students. 

Here they can find all definitions of all relevant concepts used in the mission. The 

glossary is the same for all topics while it helps students to develop links between 

these topics in order to achieve coherency. 

Á Links to websites: Lists of websites are proposed to students to help them find easily 

relevant information. There have been given different lists for each of the topics. 

Á Texts of 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. 

 Resources for the topic ñThe influence of nutrients on primary productionò 

(B1): i) Phytoplankton and primary production, ii) Nutrients, iii) 

Eutrophication. 

 Resources for the topic ñThe role of light in ecosystemsò (B2): i) Ecosystems, 

ii) Light, iii) Photosynthesis. 

 Resources for the topic ñRelationship between trophic levels in an ecosystemò 

(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, vii) Interactions between species, viii) The impact of prey-

predator relationship on the characteristic features of species. 

 Resources for the topic ñThe concept of pH and changes of pHò (C1): i) The 

concept of pH, ii) pH indicators, iii) pH meter, iv) Influence of pH on aquatic 

life, v) Water hardness. 

Á Problem presentations 

Á Expert experimental plans 
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4 Appendices 

 

Appendix 1: Mandatories activities and associated ELOs in ECO mission 

Appendix 2: Overview of the main ELOs in Mission 2 

Appendix 3: Information resources 

Appendix 4: Resources for teachers 
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4.1 APPENDIX 1: Mandatories activities and associated ELOs in ECO mission 

 

Number 
Type of activity 

(from WP1) 
LAS ELO in the ECO mission 

Individual or 
group work 

1 Build a model Conceptualization 

Concept map of relations 
in an ecosystem (general 

ELO outside of inquiry 
scenario) 

Individual 

2 
Identify 

learning goals 
Orientation 

Video report (general ELO 
outside of inquiry 

scenario) 
Group 

3 

Identify relevant 
concepts, 
variables, 

principles and 
criteria 

Conceptualization Research question Individual 

4 
Generate 

Hypotheses 
Conceptualization Hypothesis Individual 

5 

Design an 

Experimental 
procedure 

Experiment Experimental procedure Group 

6 Run experiment Experiment 

10a. Data from real 
experiment 

10b. Data from 
SCYDynamics model 

Group 

7 Organize data Experiment 
Processed data (no ELO 

template visible) 
Group 

8 Interpret data Experiment Inferences Group 

9 
Relate data with 

hypothesis / 
theory 

Analysis Solution of the problem Individual 
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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 resources, the tools and other ELOs. For each ELO, the associated assignment 

and guidelines are presented in textboxes. 

 

4.2.1: Concept map 

4.2.2: Video report 

4.2.3: Topic B1: The influence of nutrients 

on primary production 

4.2.3.1: Problem formulation 

4.2.3.2: Research questions 

4.2.3.3: Hypotheses 

4.2.3.4: Experimental procedure 

4.2.3.5: Data from SCYDynamic model 

4.2.3.6: Inferences 

4.2.3.7: Problem solution 

4.2.4: Topic B2: The role of light in 

ecosystems 

4.2.4.1: Problem formulation 

4.2.4.2: Research questions 

4.2.4.3: Hypotheses 

4.2.4.4: Experimental procedure 

4.2.4.5: Data from real experiment 

4.2.4.6: Inferences 

4.2.4.7: Problem solution 

4.2.5: Topic B3: Relationship between 

trophic levels in an ecosystem 

4.2.5.1: Problem formulation 

4.2.5.2: Research questions 

4.2.5.3: Hypotheses 

4.2.5.4: Experimental procedure 

4.2.5.5: Data from real experiment 

4.2.5.5: Data from SCYDynamic model 

4.2.5.6: Inferences 

4.2.5.7: Problem solution 

4.2.6: Topic C1: The concept of pH and 

changes of pH 

4.2.6.1: Problem formulation 

4.2.6.2: Research questions 

4.2.6.3: Hypotheses 

4.2.6.4: Experimental procedure 

4.2.6.5: Data from real experiment 

4.2.6.6: Inferences 

4.2.6.7: Problem solution 

 

4.2.1 Concept map 

Á The assignment 

Students are asked to construct a concept-map about relations in a freshwater ecosystem. The 

concept map is composed before an inquiry cycle and complemented at the end of each topic.  

Á Connection to pedagogical scenario 

Organisation Individual work 

LAS Conceptualization 

Activities Build a model 
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Learning goals Domain specific learning goals 

The students are able to: 

- explain the relations between a) the level of O2 and population size 

(plants and animals), b) the level of CO2 and population size (plants and 

animals), c) 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/number of organisms on different 

trophic levels in an ecosystem; 

- apply the mission-specific concepts in biology (abiotic and biotic factors, 

photosynthesis, respiration, population size, trophic levels), physics 

(propagation of light, temperature), chemistry (pH) in a conceptually 

coherent way; 

- model the changes and balance in an ecosystem (level of O2, CO2, pH, 

light, population size, temperature), 

 

Á Relation with tools 

ELOs needed None 

Tools SCY-Mapper 

Resources None 

 

Concept map 

An aquatic ecosystem is an ecosystem located in a body of water. There live communities of 

organisms that are dependent on each other and on their environment. The two main types of 

aquatic ecosystems are marine ecosystems and freshwater ecosystems. 

Make your own freshwater ecosystem as a concept map by adding the factors that control the 

dynamics of the system (influencing factors, dependent factors, determining factors and 

outline environmental functions). 
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Figure 9: Background picture for the concept map in SCY ECO mission.  

 

4.2.2 Video report 

Á The assignment 

Students are asked to make a video report about their inquiry work. 

Á Connection to pedagogical scenario 

Organisation Group 

LAS Orientation 

Activities Identify learning goals 

 

Learning goals General learning goals 

The students are able to: 

- identify learning goals and final state of a problem; 

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

- plan and monitor their learning process and to evaluate it in an 

appropriate way. 
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Á Relation with tools 

ELOs needed None 

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 report on 

paper about these experiments, you are going to record a video report. In this video report 

you will focus on one particular experiment you have conducted. In this video report you will 

explain to your audience (i.e., the rest of the class, friends, family) what experiment you have 

done, and what the results are. 

- Form a group of four 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 of your research. 

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 actual experimental set-up 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 of the 

graphs and figures you have created. 

5. Conclusions 

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 writing 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 be left 

out. You will do the same here. So instead of just starting to film out of the blue, you will 

write a very simple storyboard for each particular scene that you want to shoot. 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 teacher. 

- A final note on assessment: the main goal of the video report is to inform your audience on 

the work you have done. It is of course permitted to use your creativity and sense of humour, 

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

 



DVIII.II   SCY 

28 of 206 

Video report manual 

You can use any type of camera, and any kind of editing software, during the process of 

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

YouTube, and then place a link to your video in SCY-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 common, easy-to-

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

Maker are given here [link to user manual WMM, see following page]. 

Uploading your video to YouTube 

Go to www.youtube.com. To upload your video you need a YouTube account. If you donôt 

already have an account, click óCreate accountô in the upper part of the window. Once you are 

logged in, click óUploadô and the yellow button óUpload Videoô. On the following page you 

can browse to the video you want to upload, give the video a title and set some preferences. 

Important: enter ñSCY ECO Missionò in the Tags field. This way, you (and others) will be 

able to find your video once it has been uploaded. 

Placing a link in SCY-Lab 

Save the link to your video in SCY-Lab. Here is a special tool for that ï the YouTube video 

link tool. 

 

Windows Movie Maker manual 

Windows Movie Maker is fairly easy to use. Below are some basic instructions. For more 

detailed instructions, see the tutorial(s) on: 

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

- Open WMM (or download it from: www.microsoft.com). 

- First you have to import  all the video material you want to use to your computer. In WMM, 

you can choose between two menus: Tasks and Collections. Choose the Tasks menu. Click 

óCapture from video deviceô. [If your video material is already on your computer, click 

óImport videoô.] WMM will ask you to give your video a name. In the following window you 

can alter some basic settings (resolution, etc.), but the default settings are generally okay. 

Then you can start actually capturing your video clips: just start your camera in playback 

mode and click óStart Captureô to begin transferring the material onto your computer. Finally, 

click óStop Captureô and óFinishô. 

- The video material you have imported will now be visible in WMMôs Collections window. 

WMM will cut your video material into shorter clips if you right-click on the video icon and 

choose óCreate Clipsô. 

- At the bottom side of the window you see either a Storyboard or a Timeline. This is where 

you actually compose your video from individual clips. Simply drag the clips to the 

Storyboard or Timeline in the order you want. 

- Probably you donôt want to use all clips from beginning to end. Some material might not be 

suitable (e.g., shaking images) or a clip may be simply too long. You can trim  a clip by 

http://www.youtube.com/
http://www.microsoft.com/windowsxp/using/moviemaker/getstarted/default.mspx
http://www.microsoft.com/
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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 it. Click the óSplit Clipô button in the Preview Monitor. 

In the Storyboard (or Timeline) you can see that the original clip is now divided into two 

sections. Delete the section of the clip you do not want to use. 

- Under ó2. Edit Movieô you can select special features such as titles, video-effects, 

transitions between clips. 

- Click óSave to my computerô (under ó3. Finish Videoô) and WMM will render your 

compilation of clips (including titles, transitions, etc.) into one (final) movie. 

 

4.2.3 Topic B1: The influence of nutrients on primary production 

4.2.3.1 Problem formulation  

Á The assignment 

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

situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Information 

Activities Read text 

Browse resources for specific information 

 

Learning goals General learning goals 

The students are able to: 

- identify a problem from various situated information sources (narratives, 

videos, animations); 

- critically analyse various information. 

 

Á Relation with tools 

ELOs needed None 

Tools SCY Text editor 

Resources Problem presentation, texts of theory, list of websites 

 

  



DVIII.II   SCY 

30 of 206 

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 made-up. But the problem of the green lakes is 

real: many freshwater bodies in Europe and other continents are currently in a state where 

certain species of algae are very abundant, but where there are hardly any fish anymore. Your 

job is to find out what abiotic component makes the algae grow so abundantly. First, do some 

background reading. After you have become acquainted 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 

Á The assignment 

The goal of this assignment is to formulate research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Identify relevant concepts, variables, principles and criteria 

 

Learning goals General learning goals 

The students are able to: 

- critically analyse various information; 

- formulate research questions. 

 

Á Relation with tools 

ELOs needed None 

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 algae-filled lake. Now you are going to use the dynamic model you have 

seen to find out more about the relations between these factors. So instead 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 in what is a ógoodô research question then you can read some guidelines.  

Now you have to formulate your research questions. 
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Guidelines for formulating research questions 

- Choose a question that is not too broad and not too narrow.  

- A question has to be researchable (e.g., you have to be able to collect the right data) and 

feasible using available resources (time, equipment, etc.). 

- A good research question contains one independent factor and one dependent factor.  

- óOpenô questions are usually more useful than óclosedô questions.  

- A useful phrase could be: ówhat is the relation between [concept 1] and [concept 2]?ô  

 

4.2.3.3 Hypotheses 

Á The assignment 

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

research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Generate hypotheses 

 

Learning goals General learning goals 

The students are able to: 

- formulate hypotheses that contain measurable dependent and independent 

variables. 

 

Á Relation with tools 

ELOs needed 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 already 

have some ideas or expectations about the answers to your questions. These óexpectationsô are 

your hypotheses. The goal of this step is to formulate a hypothesis for each research question. 

If you are interested in what is a ógoodô hypothesis then you can read some guidelines.  

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 answer to a 

question. 

- A hypothesis has to be testable. 

- A hypothesis does not have to be correct; if your hypothesis turns out to be false, that 

doesnôt mean your research was not successful. 

- Many hypotheses are phrased as óif é, then éô statements. 

 

4.2.3.4 Experimental procedure 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Design an experimental procedure 

 

Learning goals General learning goals 

The students are able to: 

- design an experiment for testing hypotheses. 

 

Á Relation with tools 

ELOs needed Research questions, hypotheses 

Tools SCY Experimental design 

Resources None 

 

Making experimental procedure 

Before you actually start performing your experiments, you have to describe what you plan to 

do. In other words, you have to write an experimental procedure. An experimental 

procedure is a detailed, step-by-step description of an experiment. Even when you plan to 

execute the experiment yourself, your experimental procedure has to be precise and clear. 

Another person should have enough information to perform the experiment in the same way. 

An experimental procedure is usually composed of a list of tasks that have to be carried out. 

All instructions must specify the materials that should be used, and the parameters that 

define the task (e.g., the quantities of substances, the input parameters of a device, etc.). An 

example of a certain task could be: ómeasure 50 ml of solution S with a 50 ml pipetteô. 

In SCY-Lab, there is a tool that is specifically designed for describing your experimental 

procedures. Use this tool to carry out your task. Since you are not going to perform any real 

experiments, the instructions in your experimental procedure do not mention any materials. 
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However, you still have to provide details on the steps that you will undertake. An example of 

such a step could be: órun the model with five different values for nitrate (10, 50, 100, 500 and 

1000 ɛmol/l) and a fixed value of phosphate (10 ɛmol/l), and save the datasetsô. 

There is a special tool in SCY-Lab that supports you in this process but you can also read 

some guidelines.  

Now you have to plan your experimental procedure. 

 

Guidelines for designing an experiment 

Here are some guidelines that might 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 could be 

organized in steps and sub-steps. 

- The variables described in the research question(s) correspond with the parameters that will 

be changed during the experiment. 

- Only one variable will be changed at a time. 

 

4.2.3.5 Data from SCYDynamics model  

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Run experiment 

 

Learning goals Domain specific learning goals 

The students are able to: 

- model the changes and balance in an ecosystem (abiotic factors, primary 

production). 

 

Á Relation with tools 

ELOs needed Experimental procedure 

Tools SCYDynamics 

Resources Expert experimental procedure 
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Conducting the experiment with SCYDynamics 

Now it is time to actually carry out your experiments. If you have gone through all the 

preparatory work seriously, this will not be too difficult. Work seriously and accurately, store 

all data carefully (these are your órawô data) and take notes of any deviations from your 

original experimental design. 

If you are going to work with SCYDynamics for the first time, it is a good idea to complete 

this introductory task first [link to Introduction to SCYDynamics task]. 

If you are already familiar with SCYDynamics, you can start performing your own (virtual) 

experiments. You are going to start with the simple model. For your experiments you can 

change the following variables: óNô (nitrate concentration), óPô (phosphate concentration) and 

óBiomassô. The variables óaffinity Pô, óaffinity Nô, ómax. growth rateô and ómortality rateô are 

biological constants and remain unchanged. 

Now itôs your time to start with experimenting. Experimental procedure developed by experts 

could help you at this stage [link to experimental procedure]. 

 

Introductory assignment for SCYDynamics 

SCYDynamics is a modelling environment. It can be used to create abstract, mathematical 

models of real-world phenomena, either simple or complex. Once you have created a model, 

SCYDynamics will do all the calculations for you. So SCYDynamics will let you study 

processes and relations between variables, without having to do the mathematical work 

yourself. To illustrate what SCYDynamics can do, please have a look at the following model 

[lin k 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: 

- Rectangles. The rectangles are called óstocksô and represent a quantity which may decrease 

or increase over time. 

- Straight arrows (with two small triangles). These arrows are called óflowsô and are used to 

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

or to a cloud. 

- Diamonds. These are called óconstantsô and they represent a fixed value. 

- Circles. The circles are called óauxiliariesô and they are used to calculate values, and feed 

them into flows (or other auxiliaries). The auxiliaries are defined by a certain equation. 

- Small arrows. These are called órelationsô. They are used to make the values of constants 

and stocks known to auxiliaries, and ï vice versa ï feed the result of the calculations of an 

auxiliary into flows (or other auxiliaries). 

Probably this sounds a bit abstract. To make things a bit more concrete, letôs take a look at the 

model presented here as an example. 

- The stock in this model is called ópopulationô. Letôs assume that the quantity of the stock 

represents the size of a population of fish (at a certain time). If you double-click on the stock 

symbol, you can view its settings. As you can see, the start value is 1000. In other words, we 

start our simulation with 1000 fish. 
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- When new fish are born, the population size increases (which can be inferred from the flow 

going into the stock at the left side). Double-clicking on the constant óbirth rateô reveals a 

value of 0.2. If you click on the auxiliary óbirthsô you will understand what actually happens. 

Each time-step, the population size is multiplied by 0.2. The outcome of this calculation is 

then added to the original population. 

- When fish die, the population size decreases. Double-clicking on the constant ódeath rateô 

reveals a value of 0.1. So, each time-step 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 time-step. 

Now that you more or less understand the model, it is 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 ógraphô. 

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

ópopulationô. 

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

- Click órun simulationô. You see a graph appear at the right side. Apparently, the population 

increases exponentially over time. 

- Go back to the óeditorô tab, and change the birth rate and the death rate. Run the model again 

and see what the effects of your changes are. 

 

4.2.3.6 Inferences 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Organize data 

Interpret data 

 

Learning goals General learning goals 

The students are able to: 

- analyse and interpret data; 

- relate data with hypotheses. 
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Á Relation with tools 

ELOs needed 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 processing tool 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 a large 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 in such that 

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 

cells/l) on the y-axis and nitrate concentration (in ɛmol/l) on the x-axis. Investigate the shape 

of the diagram. If you are acquainted with logarithmic scales, try what happens if you change 

the scale of the x-axis from a linear to a logarithmic scale. 

For the data with a fixed nitrate concentration, create a diagram with biomass growth (in 

cells/l) on the y-axis and phosphate concentration (in ɛmol/l) on the x-axis. Investigate the 

shape of the diagram. If you are acquainted with logarithmic scales, try what happens if you 

change the scale of the x-axis from a linear to a logarithmic scale. 

 

4.2.3.7 Problem solution 

Á The assignment 

The goal of this assignment is to formulate solution to the initial problem situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Analysis 

Activities Relate data with hypothesis/theory 

 

Learning goals General learning goals 

The students are able to: 

- relate data with hypotheses and initial problem. 

Domain specific learning goals 

The students are able to: 

- explain the relations between abiotic and biotic factors; 

- apply the mission-specific concepts in biology (abiotic and biotic factors, 

primary production) in a conceptually coherent way; 
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- model the changes and balance in an ecosystem (abiotic factors, primary 

production). 

 

Á Relation with tools 

ELOs needed Problem formulation, inferences 

Tools SCY Text editor 

Resources Problem presentation 

 

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 of your research 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. 

 

Guidelines for solving the problem 
- If  your hypothesis turns out to be correct, you can move on to other research questions. 

Sometimes, your data will also give rise to new research questions. 

- If your hypothesis turns out to be incorrect, this doesnôt mean that your whole research was 

not successful. Knowing that your hypothesis was false, is also ónew knowledgeô. Sometimes, 

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 that your data are insufficient to draw any definitive 

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  

Á The assignment 

The goal of this assignment is to identify a problem from a narrative and video based on an 

everyday situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Information 

Activities Read text 

Browse resources for specific information 

 

Learning goals General learning goals 
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The students are able to: 

- identify a problem from various situated information sources (narratives, 

videos, animations); 

- critically analyse various information. 

 

Á Relation with tools 

ELOs needed 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 and biotic 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 

Á The assignment 

The goal of this assignment is to formulate research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Identify relevant concepts, variables, principles and criteria 

 

Learning goals General learning goals 

The students are able to: 

- critically analyse various information; 

- formulate research questions. 

 

Á Relation with tools 

ELOs needed None 

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 energy and how it 

might influence aquatic plants. Propose some questions that you could use to further 

investigate light energyôs influence on aquatic plants. 

Now you have to formulate your research questions. If you are interested in what is a ógoodô 

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

 

4.2.4.3 Hypotheses 

Á The assignment 

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

research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Generate hypotheses 

 

Learning goals General learning goals 

The students are able to: 

- formulate hypotheses that contain measurable dependent and independent 

variables. 

 

Á Relation with tools 

ELOs needed Research questions 

Tools SCY Text editor 

Resources Texts of theory, list of websites 

 

Formulating hypotheses 

Now you have to pose your hypotheses. If you are interested in what is a ógoodô hypothesis 

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

 

4.2.4.4 Experimental procedure 

Á The assignment 

The goal of this assignment is to design an experimental procedure. 
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Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Design an experimental procedure 

 

Learning goals General learning goals 

The students are able to: 

- design an experiment for testing hypotheses. 

 

Á Relation with tools 

ELOs needed Research questions, hypotheses 

Tools SCY Experimental design 

Resources None 

 

Making experimental procedure 

Plan an experiment 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 plan your experimental procedure. There is a special tool in SCY-Lab that 

supports you in this process but you can also read some guidelines [link to the guidelines]. 

 

4.2.4.5 Data from real experiments  

Á The assignment 

The goal of this assignment is to conduct real experiments by using Vernier mobile 

measurement devices and collect data. 

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Run experiment 

 

Learning goals Domain specific learning goals 

The students are able to: 

- to apply domain-specific experimental procedures (measurement of O2, 

light, temperature). 
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Á Relation with tools 

ELOs needed Experimental procedure 

Tools Mobile devices 

Resources Expert experimental procedure 

 

Conducting the experiment in real 

Now itôs your time to start with experimenting. Experimental procedure developed by experts 

could help you at this stage. [link to experimental procedure] 

Plan how you will record the data from your experiment. You can use both a table and a graph 

to illustrate your results. There are also some tips for conducting this experiment: 

- Donôt use common energy saver bulbs for this experiment! 

- 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 constraining 

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 temperature (18-23 °C). 

 

4.2.4.6 Inferences 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Organize data 

Interpret data 

 

Learning goals General learning goals 

The students are able to: 

- analyse and interpret data; 

- relate data with hypotheses. 

 

Á Relation with tools 

ELOs needed Data from real experiments, hypotheses 

Tools SCY Data processing tool, SCY Text editor 

Resources None 
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Applying the Data Processing tool in order to make inferences 

Open data processing tool 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 the guidelines] 

Make illustrations with your experimental data using the data processing tool in SCY-Lab. 

 

4.2.4.7 Problem solution 

Á The assignment 

The goal of this assignment is to formulate solution to the initial problem situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Analysis 

Activities Relate data with hypothesis/theory 

 

Learning goals General learning goals 

The students are able to: 

- relate data with hypotheses and initial problem. 

Domain specific learning goals 

The students are able to: 

- explain the relations between light conditions and 

photosynthesis/respiration; 

- apply the mission-specific concepts in biology (photosynthesis, 

respiration) and physics (light) in a conceptually coherent way; 

- model the changes and balance in an ecosystem (level of O2, CO2, light). 

 

Á Relation with tools 

ELOs needed Problem formulation, inferences 

Tools SCY Text editor 

Resources Problem presentation 

 

Formulating a solution for the topic-specific problem 

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

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

4.2.5.1 Problem formulation  

Á The assignment 

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

situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Information 

Activities Read text 

Browse resources for specific information 

 

Learning goals General learning goals 

The students are able to: 

- identify a problem from various situated information sources (narratives, 

videos, animations); 

- critically analyse various information. 

 

Á Relation with tools 

ELOs needed None 

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 species) 

might outnumber roaches (prey species). Your task is to help Otto and Sylvia explain their 

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

theory concerning relationships between trophic levels in an ecosystem, characteristics of 

aquatic ecosystems, and prey-predator interactions [link to texts of background theory]. Then, 

you can browse a series of websites, which illustrate relationships between trophic levels, 

aquatic ecosystems, and prey-predator interactions [link to web pages]. While doing the 

background reading and browsing the web pages, your task is to focus on the parameters 

involved in prey-predator 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 important aspects of these phenomena, you will try to 

formulate the main problem you will address. 

Note that the formulation of the problem (i.e., Ottoôs and Sylviaôs unexpected observation) 

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

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. Please 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 

Á The assignment 

The goal of this assignment is to formulate research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Identify relevant concepts, variables, principles and criteria 

 

Learning goals General learning goals 

The students are able to: 

- critically analyse various information; 

- formulate research questions. 

 

Á Relation with tools 

ELOs needed None 

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, and prey-predator interactions. 

Aquatic ecosystems can contain a number of fish species. As in terrestrial ecosystems, there 

are predator and prey populations among fish species. Let us say that in a lake there is a 

population of four pikes (predator population) and ten roaches (prey population). The next 

step of your investigation involves experimentation with a game modelling of the prey-

predator relationship. First, you have to read the description of the game simulation (see next 

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

questions will have to be related to the result of the game simulation and should describe what 

you want to find out through the game modelling. Note that each research question you 

formulate should contain only variables, which you are able to measure by collecting data by 

the game modelling of the prey-predator relationship. Most frequently, research questions 

attempt to address a possible relation between two variables (e.g., óWhat is the relation 

between variable 1 and variable 2?ô). You can start by defining the variables that can be 

measured by the game modelling. You can also read the description of the game [link] . 
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Now you have to formulate your research questions. If you are interested in what is a ógoodô 

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

 

Description of the game simulation 

This game will simulate the interaction between the prey and the predator populations. You 

will form two initial groups: The prey group, and the predator group. Students adhering to the 

prey group will represent individuals of the prey population, 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 while 

é eating or while ... being eaten: 

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

per unit of time. 

 Each individual of the prey population that is captured is transformed into an individual of 

the predator population. 

 All individuals of the predator population capture prey. 

 If an individual of the predator population cannot find any prey, it is transformed into 

prey. 

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

He/she will also monitor the behaviour of ópikesô and óroachesô to secure that the rules of the 

game are followed. You will play the game by following the rules for ten units of time. 

 

Formulating research questions (SCYDynamics model) 

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

relationships between trophic levels, aquatic ecosystems, and prey-predator interactions. The 

next step of our investigation involves experimentation with a prey-predator model. This 

model will simulate the interaction between the prey and the predator populations. You can 

find this model in SCY-Lab.  

In the model interface, you can find a visual representation of the prey-predator relationship. 

Stocks stand for the prey and predator populations, respectively. The prey population is 

assumed to grow (inflow arrow) according to a rate, which is analogous to the product of its 

population size and the factor r (natural growth factor of the species). The prey population 

decreases according to a rate, which depends on the prey population size, the predator 

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

individuals). In a few words, the change in the size of the prey population is derived 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, to the 

population size of the prey population, and to the factor d (ability of the predator population to 

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 c (natural 

death coefficient of the species). Thus, the 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 (double-click on the variables). Then, you can 

observe the result of the simulation in the graph or table interface of SCYDynamics. Note that 

you have to choose the Runge-Kutta-Fehlberg integration method to display the graph. 



DVIII.II   SCY 

46 of 206 

At this point, you have to formulate your main research questions. The research questions will 

have to be related to the result of the model simulation and should describe what you want to 

find out through the simulation. Note that each research question you formulate should 

contain only variables, which you are able to measure by collecting data by the simulation of 

the prey-predator relationship. Most frequently, research questions attempt to address a 

possible relation between two variables (e.g., óWhat is the relation between variable 1 and 

variable 2?ô). You can start by defining the variables that can be measured by the simulation. 

Now you have to formulate your research questions. If you are interested in what is a ógoodô 

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

 

4.2.5.3 Hypotheses 

Á The assignment 

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

research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Generate hypotheses 

 

Learning goals General learning goals 

The students are able to: 

- formulate hypotheses that contain measurable dependent and independent 

variables. 

 

Á Relation with tools 

ELOs needed 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 the game modelling. 

These ideas will represent a possible answer to your research questions. In the frame of 

scientific inquiry, these expectations are termed óhypothesesô. As was the case with research 

questions, hypotheses attempt to relate measurable variables. This means that hypotheses need 

to include variables which should me measurable through the game modelling. In the case of 

hypotheses, however, the formulation follows the type of óifé, thenéô statements (e.g., óIf 

variable 1 increases, then variable 2 decreasesô). This type of formulation is preferred 
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because hypotheses formulated as óifé, thenéô statements can be either confirmed or 

rejected, which adds to the validity and reliability of the experimental procedure.  

Note that the proper organization of the experimental procedure does not presuppose the 

confirmation of your research hypotheses, since this will be tested after the recording of the 

data that will be derived by the game simulation. Indeed, many scientific experiments led to 

valuable knowledge exactly because they led to the rejection of a research hypothesis (e.g., 

rejection of an expected side-effect of a medicine).  

Now you have to pose your hypotheses. If you are interested in what is a ógoodô hypothesis 

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

 

Formulating hypotheses (SCYDynamics model) 

In the former step, you formulated a number of research questions concerning the simulation. 

You might be already able to guess the outcome of the simulation, namely, you might be able 

to write down your expectations about the results of the simulation. These ideas will represent 

a possible answer to your research questions. In the frame of scientific inquiry, these 

expectations are termed óhypothesesô. As was the case with research questions, hypotheses 

attempt to relate measurable variables. This means that hypotheses need to include variables 

which should me measurable through the simulation. In the case of hypotheses, however, the 

formulation follows the type of óifé, thenéô statements (e.g., óIf variable 1 increases, then 

variable 2 decreasesô). This type of formulation is preferred because hypotheses formulated 

as óifé, thenéô statements can be either confirmed or rejected, which adds to the validity and 

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

experimental procedure does not presuppose the confirmation of your research hypotheses, 

since this will be tested after the recording of the data that will be derived by the simulation. 

Indeed, many scientific experiments led to valuable knowledge exactly because they led to the 

rejection of a research hypothesis (e.g., rejection of an expected side-effect of a medicine). 

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

Now you have to pose your hypotheses. If you are interested in what is a ógoodô hypothesis 

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

 

4.2.5.4 Experimental procedure 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Design an experimental procedure 
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Learning goals General learning goals 

The students are able to: 

- design an experiment for testing hypotheses. 

 

Á Relation with tools 

ELOs needed Research questions, hypotheses 

Tools SCY Experimental design 

Resources None 

 

Making experimental procedure (game simulation) 

Before conducting the game simulation, you need to describe the various 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 procedure 

should be detailed. Another person should have enough guidance to run the same experiment 

by following the same procedure. You will use the Experimental Design Tool 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 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 experiment) and one or more independent variables (i.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 (independent 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 procedure. There is a special tool in SCY-Lab that 

supports you in this process but you can also read some guidelines [link to the guidelines]. 

 

Making experimental procedure (SCYDynamics model) 

Before conducting the model simulation, you need to describe the various 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 procedure 

should be detailed. Another person should have enough guidance to run the same experiment 

by following the same procedure. You will use the Experimental Design Tool 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 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 experiment) and one or more independent variables (i.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 (independent variable: water supply measured in litres) to the development 
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of the plant measured in terms of plant height (dependent variable: plant height measured in 

centimetres). 

Organize your actions in subsequent steps. Each step will include a number of actions. Note 

that, if you have more than one independent variable, you should change only one of them at a 

time, so that the observed impact on the dependent variable can be attributed to that 

independent variable.  While defining your questions, hypotheses, principles, steps, and 

actions, you can add any comment you believe must be made so that the experimental 

procedure will be intelligible. 

Now you have to plan your experimental procedure. There is a special tool in SCY-Lab that 

supports you in this process but you can also read some guidelines [link to guidelines]. 

 

4.2.5.5 Data from real experiments  

Á The assignment 

The goal of this assignment is to play the game simulation and collect data. 

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Run experiment 

 

Learning goals Domain specific learning goals 

The students are able to: 

- model the changes and balance in an ecosystem (population sizes on 

different trophic levels). 

 

Á Relation with tools 

ELOs needed Experimental procedure 

Tools None 

Resources Expert experimental procedure 

 

Conducting the game 

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 independent variables. You 

have also organized your specific actions in subsequent steps. 

If all the above-mentioned activities have been completed, you are ready to run your 

experiment. Play the game simulation by paying attention to the rules of the game and follow 

the steps described in the experimental procedure. Take notes during the experiment and 

record any peculiar event or finding. Put the result of the experiment in your portfolio. 

Now itôs your time to start with experimenting. Experimental procedure developed by experts 

could help you at this stage [link to experimental procedure]. 
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4.2.5.6 Data from SCYDynamics model  

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Run experiment 

 

Learning goals Domain specific learning goals 

The students are able to: 

- model the changes and balance in an ecosystem (population sizes on 

different trophic levels). 

 

Á Relation with tools 

ELOs needed 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 independent variables. You 

have also organized your specific actions in subsequent steps. 

If all the above-mentioned activities have been completed, you are ready to run your 

experiment. Use SCYDynamics and follow the steps described in the experimental procedure. 

Take notes during the experiment and record any peculiar event or finding. Put the result of 

the experiment in your portfolio. 

Now itôs your time to start with experimenting. Experimental procedure developed by experts 

could help you at this stage. [link to experimental procedure] 

 

4.2.5.7 Inferences 

Á The assignment 

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

 

Á Connection to pedagogical scenario 

Organisation Group 
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LAS Experiment 

Activities Organize data 

Interpret data 

 

Learning goals General learning goals 

The students are able to: 

- analyse and interpret data; 

- relate data with hypotheses. 

 

Á Relation with tools 

ELOs needed Data from game simulation or Data from SCYDynamics model, hypotheses 

Tools SCY Data processing tool, SCY Text editor 

Resources None 

 

Applying data processing tool in 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 time) on the X-axis. Plot both 

populations (i.e., the prey and predator population) on the same Y-axis, so that you can 

compare their change in time. In order to do so, you have to set the scale for the Y-axis. Find 

the maximum and minimum value of population sizes for both populations. These extreme 

values should define the range of the Y-axis.  

Open data processing tool 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]. 

 

4.2.5.8 Problem solution 

Á The assignment 

The goal of this assignment is to formulate solution to the initial problem situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Analysis 

Activities Relate data with hypothesis/theory 

 

Learning goals General learning goals 

The students are able to: 
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- relate data with hypotheses and initial problem. 

Domain specific learning goals 

The students are able to: 

- explain the relations between biomass/number of organisms on different 

trophic levels in an ecosystem; 

- apply the mission-specific concepts in biology (population size, trophic 

levels) and physics (light) in a conceptually coherent way; 

- model the changes and balance in an ecosystem (population sizes). 

 

Á Relation with tools 

ELOs needed Problem formulation, inferences 

Tools SCY Text editor 

Resources Problem presentation 

 

Formulating a solution to the topic-specific problem  

You have already concluded the experimental 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 procedure. 

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

guidelines [link to guidelines]. 

 

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

4.2.6.1 Problem formulation  

Á The assignment 

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

situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Information 

Activities Read text 

Browse resources for specific information 

 

Learning goals General learning goals 

The students are able to: 

- identify a problem from various situated information sources (narratives, 
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videos, animations); 

- critically analyse various information. 

 

Á Relation with tools 

ELOs needed None 

Tools SCY Text editor 

Resources Problem presentation, texts of theory, list of websites 

 

Formulating a problem 

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 due to 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 

Europe, although inputs of acid rain being higher than in Scandinavia. Your task is to find out 

the reasons why acid rain raises the acidity of water in some countries, whereas in 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 background information). Secondly, you should 

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

additional reading. 

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

 

4.2.6.2 Research questions 

Á The assignment 

The goal of this assignment is to formulate research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Identify relevant concepts, variables, principles and criteria 

 

Learning goals General learning goals 

The students are able to: 

- critically analyse various information; 

- formulate research questions. 

 

Á Relation with tools 

ELOs needed None 

Tools SCY Text editor 
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Resources 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 order to find out 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. 

If you are interested in what is a ógoodô hypothesis then you can read some guidelines [link to 

guidelines]. 

Now you have to formulate your research questions. 

 

4.2.6.3 Hypotheses 

Á The assignment 

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

research questions. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Conceptualization 

Activities Generate hypotheses 

 

Learning goals General learning goals 

The students are able to: 

- formulate hypotheses that contain measurable dependent and independent 

variables. 

 

Á Relation with tools 

ELOs needed 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 answers could 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 has an ñif é, then éò structure. 
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If you are interested in what is a ógoodô hypothesis then you can read some guidelines [link to 

guidelines]. 

Now you have to pose your hypotheses. 

 

4.2.6.4 Experimental procedure 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Design an experimental procedure 

 

Learning goals General learning goals 

The students are able to: 

- design an experiment for testing hypotheses. 

 

Á Relation with tools 

ELOs needed Research questions, hypotheses 

Tools SCY Experimental design 

Resources None 

 

Making experimental procedure 

In order to see, if your hypotheses are correct, you have to run some experiments. In your 

experiments, you will examine the influence of different types of ground on pH of water. Also 

you will research which types of ground act as buffers and contribute to maintenance of a 

stable pH of water even if an amount of acid is added. 

Good scientists plan their experiments in advance, in order to have a clear vision what is 

going to happen and what kind of equipment and materials are needed. Please follow this 

good practice. 

Now your assignment is to compose an experimental procedure. An experimental procedure is 

a step by step description of your experiment, containing a list of activities that have to be 

done and the materials which are to be used and in which quantities. 

There is a special tool in SCY-Lab that supports you in this process but you can also read 

some guidelines [link to guidelines]. 

Now you have to plan your experimental procedure. 
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4.2.6.5 Data from real experiments  

Á The assignment 

The goal of this assignment is to conduct real experiments by using Vernier mobile 

measurement devices for collecting data. 

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Run experiment 

 

Learning goals Domain specific learning goals 

The students are able to: 

- to apply domain-specific experimental procedures (measurement of pH). 

 

Á Relation with tools 

ELOs needed Experimental procedure 

Tools Mobile devices 

Resources Expert experimental procedure 

 

Conducting the experiment in real  

Now it is time to conduct the experiment. Your task is to use mobile devices and run the 

experiments to find out how different ground types influence the pH of water and, also, how 

acid rain can change the pH of water. Please be careful working with sulphuric acid solutions. 

If you decide to change your experimental procedure, make sure you write these changes 

down so that later you can refresh your memory. 

Now itôs your time to start with experimenting. Experimental procedure developed by experts 

could help you at this stage [link to experimental procedure]. 

 

4.2.6.6 Inferences 

Á The assignment 

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

Á Connection to pedagogical scenario 

Organisation Group 

LAS Experiment 

Activities Organize data 

Interpret data 
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Learning goals General learning goals 

The students are able to: 

- analyse and interpret data; 

- relate data with hypotheses. 

 

Á Relation with tools 

ELOs needed Data from real experiments, hypotheses 

Tools SCY Data processing tool, SCY Text editor 

Resources None 

 

Applying Data Processing tool in order to make inferences 

You have already conducted a set of experiments and recorded pH values in case of different 

types of ground. Now you have to apply Data Processing tool and construct a graph depicting 

changes of pH in water with different types of ground depending on different concentrations 

of sulphuric acid added. Plot the amounts of sulphuric acid on the X-axis. Plot pH on the Y-

axis. Set maximum and minimum value of pH on the basis of the results of your experiments. 

When completed the graph, you should make inferences on the basis of the data youôve 

analyzed using this tool.  

Open data processing tool 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]. 

 

4.2.6.7 Problem solution 

Á The assignment 

The goal of this assignment is to formulate solution to the initial problem situation. 

Á Connection to pedagogical scenario 

Organisation Individual 

LAS Analysis 

Activities Relate data with hypothesis/theory 

 

Learning goals General learning goals 

The students are able to: 

- relate data with hypotheses and initial problem. 

Domain specific learning goals 

The students are able to: 

- explain the relations between the environmental factors and pH of water; 

- apply the mission-specific concepts in biology (abiotic and biotic factors) 
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and chemistry (pH)  in a conceptually coherent way; 

- model the changes and balance in an ecosystem (level of pH, population 

size). 

 

Á Relation with tools 

ELOs needed Problem formulation, inferences 

Tools SCY Text editor 

Resources Problem presentation 

 

Formulating a solution for the topic specific problem 

You have already concluded the experimental 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 procedure. 

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

guidelines [link to guidelines]. 
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4.3 APPENDIX 3: Information resources 

4.3.1 Glossary of ECO mission concepts 

Abiotic factors: Abiotic factors are sunlight, temperature, soil, water, height and pressure. 

Abiotic factors have intensified influence on forest ecosystem. 

Abundance: The term óabundanceô refers to the number of individuals, by which a certain 

species is represented in an ecosystem.   

Aquatic food chain: The food chain cannot have more than five steps. The food-chain starts 

from the producer (Green plants). The next 2nd step is herbivores. The 3rd step is made by 

omnivores. The 4th step is made by the carnivores. The 5th step is the bacterial level 

(decomposers). The dead bodies of plants and animals are decomposed into simple forms by 

the decomposers i.e., bacteria. These simple forms get mixed with the soil. In this way a food 

chain can have not more than five steps. 

Biomass: Biomass is the total mass of living organisms in a specific ecosystem at a specific 

time. Biomass may be measured as the total, natural weight of the organisms themselves or as 

the dry organic weight (when all water has been extracted). Sometimes, the biomass of all 

organisms in an ecosystem is regarded, but one might also distinguish between the biomass 

present in different trophic levels (producers, primary consumers, secondary consumers, etc.). 

Biotic factors: The biotic factors include living organisms of ecosystems and their 

interrelationship. e.g., Symbiosis, mutualism, antagonism, parasitism, antibiosis, competition, 

predation and commencialism. 

Biotope: A biotope is defined as an area with specific environmental conditions, which 

provides a living place for an assemblage of plant and animal species. The term óbiotopeô is 

distinguished from the term óhabitatô, in that the latter refers to a living place for a population 

of a certain species.   

Buffering capacity: Buffering capacity is an ability of water to resist changes in pH. 

Carbon dioxide: Carbon dioxide (CO2) is used by autotroph organisms (i.e., plants and 

cyanobacteria) for photosynthesis. The carbon atoms then end up in all sorts of organic 

molecules (sugars, proteins, etc.). Conversely, heterotroph organisms (and at night, also 

autotroph organisms) produce CO2 during respiration. In water, CO2 reacts with water (H2O) 

to produce carbonic acid (H2CO3), that will (partially) dissolve into a hydrogen ion (H
+
) and 

bicarbonate (HCO3
-
). Thus, the pH of the water will decrease. 

Chemical equilibrium: Chemical equilibrium is a state in the course of a reversible chemical 

reaction in which no net change in the amounts of reactants and products occurs. At 

equilibrium, the two opposing reactions go on at equal rates, or velocities, hence there is no 

net change in the amounts of substances involved.  

Consumers: A primary consumer is an animal that gets its energy from plants. It is also called 

an herbivore. A few examples of herbivores include cows, moose, gazelles, rabbits and 

elephants. 

Decomposers: An organism, often a bacterium or fungus that feeds on and breaks down dead 

plant or animal matter, thus making organic nutrients available to the ecosystem. 

Ecological equilibrium: This term refers to the idea that ï in an ecosystem ï there is a natural 

equilibrium (in terms of the species present and their relative abundance), that will be 

maintained in the absence of disturbance. In case of any deviation from this equilibrium, the 
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ecosystem will automatically turn back into its original state. Recently, the idea of a more or 

less fixed ecological equilibrium has been challenged by scientists. Ecosystems are in reality 

much more versatile, with species appearing and disappearing all the time, and fluctuating in 

numbers. Even under controlled circumstances an ecosystem may behave chaotically. 

Ecological pyramid: We can compare trophic levels by determining the number, biomass, or 

energy content of individuals at each level. This information can be depicted in the form of an 

ecological pyramid. The base of each pyramid corresponds to the producers and the 

subsequent trophic levels are added one on top of the other in their ófeeding sequenceô. 

Various types of pyramids can be used to describe different aspects of an ecosystemôs trophic 

structure. 

Ecological pyramid of numbers: Ecological pyramids of numbers present the size of each tier 

as proportional to the number of individuals present at each trophic level. In a typical pyramid 

of numbers, the number of individuals supported by the ecosystem at successive trophic levels 

declines progressively. This reflects the fact that the smaller biomass of top level consumers 

tends to be concentrated in a relatively small number of large animals. 

Ecological pyramid of biomass: Ecological pyramids of biomass represent the total dry 

weight of organisms at each trophic level. Dry weight is usually used as the measure of mass 

because the water content of organisms varies. Organism size is taken into account so 

meaningful comparisons of different trophic levels are possible. Biomass pyramids may be 

inverted in some systems (e.g., in some plankton communities) because the algal (producer) 

biomass at any one time is low, but the algae are reproducing rapidly and have a high 

productivity. 

Ecological pyramid of energy: Ecological pyramids of energy depict the size of each tier is 

proportional to the production (e.g., in kJ) of each trophic level. Pyramids of energy (or 

production) are often very similar in appearance to pyramids of biomass. The energy content 

at each trophic level is generally comparable to the biomass because similar amounts of dry 

biomass tend to have about the same energy content. 

Ecosystem: An ecosystem is defined as the assemblage of all organisms living in a particular 

area (i.e., producers, consumers and decomposers), as well as all the abiotic components with 

which the organisms interact (e.g., soil, water, air, temperature, etc.). Biotic and abiotic 

components interact with each other through flow of energy and material.  

Electrolytic dissociation: Electrolytic dissociation is a phenomenon whereby ions in ionic 

compounds in an aqueous solution are freed from their mutual attractions and distribute 

themselves uniformly throughout the solvent. 

Energy transfer: Interactions among producers and the organisms that consume and 

decompose them are called trophic interactions, and are composed of trophic levels in an 

energy pyramid, with most energy and mass in the primary producers at the base, and higher 

levels of feeding on top of this, starting with primary consumers feeding on primary 

producers, secondary consumers feeding on these, and so on. Trophic interactions are also 

described in more detailed form as afood chain, which organizes specific organisms by their 

trophic distance from primary producers, and by food webs, which detail the feeding 

interactions among all organisms in an ecosystem. Together, these processes of energy 

transfer and matter cycling are essential in determining ecosystem structure and function and 

in defining the types of interactions between organisms and their environment. 

Eutrophication: A rise in the concentration of nutrients in an (aquatic) ecosystem, as a result 

of which the number of primary producers (mainly algae and cyanobacteria) considerably 

increases. An increase in nutrient levels in aquatic ecosystems is often the result of human 



SCY DVIII.I  

  61 of 206 

agricultural or domestic (e.g., sanitary sewage) activity. The effects of eutrophication may be 

profound, extending to a severe drop in species diversity, a decrease in water transparency, 

and the occurrence of algal blooms (exuberant growth of a potentially toxic species of alga or 

cyanobacterium). 

Flow: Flow can be defined as the amount of movement in a body of water. These movements 

can be horizontal, vertical or circulatory. As a result of flow ï or mixing ï abiotic conditions 

(temperature, the amount of nutrients) become more homogenous throughout the water body. 

A high level of flow also tends to increase the amount of turbidity, as small particles are 

swept up from the bottom. 

Hydrolysis: Hydrolysis is a reverse process of neutralization reaction. In a hydrolysis reaction 

a salt reacts with water to yield the acid or base: BA + H2O  HA + BOH. 

Light: Light is electromagnetic radiation, particularly radiation of a wavelength that is visible 

to the human eye (about 400ï700 nm, or perhaps 380ï750 nm). The pigments that are 

responsible for capturing light for photosynthesis, absorb light with wavelengths ranging from 

350 to 700 nm. In physics, the term light sometimes refers to electromagnetic radiation of any 

wavelength, whether visible or not. A light wave consists of energy in the form of electric and 

magnetic fields and because light has both electric and magnetic fields, it is also called 

electromagnetic radiation. Light, which exists in tiny "packets" called photons, exhibits 

properties of both waves and particles. This property is referred to as the waveïparticle 

duality.  

Light intensity: The strength of light; the amount of energy transmitted (as by acoustic or 

electromagnetic radiation). There are many kinds of light intensity, each with its own 

definition: (1) radiant intensity is electromagnetic power per unit solid angle. It is a measure 

of source intensity; (2) luminous intensity is wavelength-weighted based on a standardized 

model of the sensitivity of the human eye; (3) irradiance is electromagnetic power per unit 

area. It is a measure of received intensity; (4) Radiance is the amount of light that passes 

through a particular area, and falls within a given solid angle in a specified direction (i.e., the 

amount of light hitting 1 square meter and coming from 1 steradian). 

Matter: Ecosystems include living organisms, the dead organic matter produced by them, the 

abiotic environment within which the organisms live and exchange elements (soils, water, 

atmosphere), and the interactions between these components. 

Molar concentration: Molar concentration (molarity) is the concentration of a solution 

measured as the number of moles of solute per liter of solution [mole/L] and is denoted by M. 

Neutralization reaction: Neutralization reaction is a reaction of an acid with a base which 

produces water and salt. It is a chemical reaction in which one compound acquires H
+
 from 

another. The compound that receives the hydrogen ion is the base; the compound that 

surrenders it is an acid. 

Nutrients: phosphate and nitrate: All substances that an organism needs in order to live and 

grow are called nutrients. In aquatic ecology, the term is often used to indicate the amount of 

phosphate (PO4
3-

) and nitrate (NO3
-
) in the system. Carbon dioxide and water may also be 

considered nutrients, but these are usually very abundant, while phosphate and nitrate are 

often limiting factors. Phosphate and nitrate are important components of the phosphorus 

cycle (P) and the nitrogen cycle (N) respectively. These cycles are complex, and comprise 

many different inorganic and organic molecules, in which either of these elements (or both) 

are present. An increase in nutrient levels in aquatic ecosystems is often the result of human 

(agricultural or domestic) activity (eutrophication). 
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Oxygen: Almost all organisms need oxygen (O2) for cellular respiration. Heterotroph 

organisms (consumers and decomposers) rely solely on respiration for their energy. Autotroph 

organisms (primary producers, i.e., plants and cyanobacteria) only consume O2 at night. 

During the day, autotroph organisms produce O2 through the process of photosynthesis. 

Oxygen is one of the main components of air (approximately 20%). In aquatic ecosystems, 

organisms extract dissolved oxygen from the water. 

pH: pH is a logarithmic measure of concentration of hydrogen ions in a solution, pH = -log 

[H
+
]. pH is a measure of the acidity (or basicity) of a solution, where values of 0 to 14 are 

possible. Acid solutions have a pH < 7, basic solutions have pH > 7, neutral solutions have pH 

= 7.  

pH indicators: pH indicators are substances that undergo a sharp, easily observable color 

change when pH of a solution changes. A solutionôs pH can be conveniently measured using 

pH strips - pieces of paper impregnated with indicator or a mixture of indicators. 

Phytoplankton: The term plankton refers to drifting organisms, predominantly microscopic in 

size, in aquatic ecosystems. A further distinction can be made between phytoplankton 

(autotroph plankton, such as algae) and zooplankton (microscopic animals, such as Daphnia). 

In many aquatic ecosystems, the main primary producers are phytoplankton. 

Photosynthesis: The process a plant uses to combine sunlight, water, and carbon dioxide to 

produce oxygen and sugar (energy). 

Population: A population is defined as a group of organisms from the same species that 

interbreed, and live at the same place at the same time.  

Population size: The population size of a population corresponds to the number of individuals 

of the species found in a certain place (e.g., number of individuals per unit of surface). 

Predators: In a prey-predator relationship, the predator is the species which feed upon the 

prey.  

Prey: In a prey-predator relationship, the prey is the species which the predator feeds on.  

Producers: At a basic functional level, ecosystems generally contain primary producers 

capable of harvesting energy from the sun by photosynthesis and of using this energy to 

convert carbon dioxide and other inorganic chemicals into the organic building blocks of life. 

Range of tolerance: Organisms can live within a range of (abiotic) conditions, called the range 

of tolerance. For instance, if we regard a temperature gradient, there will be two values ï a 

minimum temperature and an maximum temperature ï that set the upper and lower limits for 

a speciesô survival. Below the minimum and above the maximum, organisms will experience 

too much physiological stress to survive. Somewhere in between the minimum and the 

maximum is the optimum range, where the temperature for this particular species is most 

favourable. 

Salinity: The term salinity is used to indicate the salt content of a water body. Salinity not 

only refers to sodium chloride (salt used in the kitchen), but also incorporates other salts such 

as magnesium and calcium sulfate. Salinity can be measured in different ways. The Total 

Dissolved Salts (TDS), measured in mg/L, is most accurate. As an estimate of the TDS, the 

electrical conductivity (EC), measured in ɛS/cm, of the water can be measured (i.e., the more 

dissolved salt in the water, the higher the electrical conductivity). Fresh water usually has a 

TDS lower than 1.000 mg/L, and seawater a TDS higher than 10.000 mg/L. 

Salts: Salts are compounds which result from a chemical reaction between acids and bases 

(neutralization reaction). 
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Solubility: Solubility of a substance is its concentration in a saturated solution. Substances 

with solubility much less than 1 g/100 mL of solvent are usually considered insoluble. 

Stable states: The term stable states refers to the existence of two distinct, stable equilibria. 

This phenomenon was first demonstrated in shallow lakes. There is one state in which the 

water is relatively clear, and there are different species of fish and water plants and relatively 

few algae; and there is another state in which the water is turbid, and algae are very abundant, 

but few fish or water plants survive. Both system states are more or less stable and resilient. 

When abiotic conditions (predominantly the amount of nutrients in the system) change, the 

ecosystem might shift from one state to the other. Remarkably, the turning-point is dependent 

on the direction of the development. The level of nutrients at which a clear lake turns into a 

turbid one is higher than the level of nutrients that must be reached to turn the turbid lake 

back into its clear state. The existence of stable states has been identified in a number of other 

ecosystems. 

Temperature: Temperature is an important concept in thermodynamics. Temperature may be 

defined as a measure of the average energy, or movement, of a large number of particles. 

Temperature can be measured with thermometers. 

Trophic levels: Every ecosystem has a trophic structure: a hierarchy of feeding relationships 

which determines the pathways for energy flow and nutrient cycling. All species found in an 

ecosystem are assigned to trophic levels on the basis of their nutrition. Basic trophic levels 

include producers, consumers and decomposers. 

4.3.2 Resources of topic B1: The influence of nutrients on primary production 

4.3.2.1 Problem presentation 

Otto and Sylvia are classmates and both dedicated fishers. Last summer they set out on a 

fishing trip to a remote lake, as they were bored of fishing on the same river near their 

hometown every time. When they arrived at their destination, it turned out that the lake was 

all green, instead of the bluish colour they had expected. They also noted that the local 

authorities had put up a sign saying that it was forbidden to swim in the lake due to 

eutrophication and risk of botulism. Nevertheless, they took out their fishing rods and tried to 

catch pike and perch. They used shiny lures, which had always worked well in the river in 

their hometown. However, after three hours of waiting patiently, they still had not caught 

anything. After eating their lunch, they started to use dough as bait, hoping that they might 

catch some smaller species of fish. But when it was time to go home, their bucket was still 

empty. So while the conditions in the lake were such that the algae flourished, there appeared 

to be no fish at all. 

 

Figure 10: Algal bloom by the shore after a week of warm weather. Photo taken in Sipoo, Finland. 

source: Wikipedia / Ronja Addams-Moring 
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4.3.2.2 Texts of theory 

This mission is about aquatic ecosystems, the organisms that live in aquatic ecosystems and 

the biotic and abiotic components that influence their lives. This particular part of the mission 

focuses on the importance of nutrients (in particular nitrogen and phosphate) for primary 

production. The texts below explain what primary production is, and what role nutrients play 

in primary production. 

Phytoplankton and primary production 

In ecosystems, a distinction is made between producers, consumers and reducers. All 

organisms that harvest energy from the sun and are able to build their own organic molecules, 

such as glucose, are called producers. All plants (and certain bacteria) are producers. 

Consumers (and reducers) get their energy from eating other organisms. All animals are 

consumers. Primary production is the process by which producers build new organic 

molecules from inorganic substances, usually through photosynthesis. 

In aquatic ecosystems, a further distinction can be made between macrophytes (larger water 

plants) and phytoplankton. The term plankton refers to drifting organisms, predominantly 

microscopic in size, in aquatic ecosystems. Some species of plankton are producers 

(phytoplankton, such as algae), other species belong to the group of the consumers 

(zooplankton, such as Daphnia). In many aquatic ecosystems, the main primary producers are 

phytoplankton. 

How do you measure primary production? As explained above, primary production usually 

involves photosynthesis and an increase in the amount of organic molecules. Therefore, the 

total weight of the producers themselves is a good measure of the rate of primary production 

in an ecosystem. The term biomass is usually used for this purpose. Biomass is defined as the 

total mass of living organisms in a specific ecosystem at a specific time. Biomass may be 

measured as the total, natural weight of the organisms themselves or as the dry organic weight 

(when all water has been extracted). Sometimes, the biomass of all organisms in an ecosystem 

is regarded, but in the context of our mission we will focus on the weight of the producers 

only. 

 

Figure 11: Diatoms (an important group of phytoplankton) as seen through the microscope. 

source: Wikipedia / NOAA Corps Collection 

Nutrients 

All substances that an organism needs in order to live and grow are called nutrients. In aquatic 

ecology, the term is often used to indicate the amount of phosphate (PO4
3-

) and nitrate (NO3
-
) 

in the system. Carbon dioxide (CO2) and water (H2O) may also be considered nutrients, but 
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these are usually very abundant, while phosphate and nitrate are often limiting factors. 

Phosphate and nitrate are important components of the phosphorus cycle (P) and the nitrogen 

cycle (N) respectively. These cycles are complex, and comprise many different inorganic and 

organic molecules, in which either of these elements (or both) are present. In the context of 

our mission, it is important to realize that plants (producers) use phosphorus and nitrogen for 

the production of proteins, nucleotides (DNA) and other organic molecules. Thus, in absence 

of nitrogen and phosphorus a plant cannot grow. 

What is the relation between nutrient concentration and the rate of primary production? A 

good framework for thinking about this relationship is the so-called órange of toleranceô. 

Organisms can live within a range of (abiotic) conditions. For instance, if we regard a 

temperature gradient, there will be two values ï a minimum temperature and an maximum 

temperature ï that set the upper and lower limits for a speciesô survival. Below the minimum 

and above the maximum, organisms will experience too much physiological stress to survive. 

Somewhere in between the minimum and the maximum is the optimum range, where the 

temperature for this particular species is most favourable. 

In case of each nutrient that is necessary for primary production, there is also a range of 

tolerance. Below certain a concentration, an organism will suffer from certain deficiency 

symptoms (see figure below). On the other end of the spectrum, high concentrations of a 

specific nutrient may have toxic effects on the organism (but under natural circumstances this 

is not very common). The concentrations below which plants show symptoms of deficiency 

differ from nutrient to nutrient. For example, plants usually need higher amounts of nitrogen 

than phosphate. There are also differences between different species: some plants can cope 

with scarcity better than others. 

 

Figure 12: Hypothetical range of tolerance for a specific nutrient. 

Eutrophication 

Nowadays, many freshwater ecosystems worldwide (e.g., lakes and ponds) suffer from a 

problem known as eutrophication. Eutrophication is defined as an increase in the nutrient 

levels in an aquatic ecosystem. Eutrophication is often caused by human agricultural or 

domestic activity. As a result of the rise in the concentration of nutrients, the number of 

certain species of primary producers (mainly algae and cyanobacteria) considerably increases. 

But the success of this small number of fast-growing species has serious effects on other 

abiotic factors, such as the transparency of the water (eutrophication usually decreases the 

amount of sunlight arriving at deeper layers of the water) and the availability of oxygen 
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(during the night, all plants use oxygen). Thus, while some algae flourish, other species of 

plants, zooplankton and fish suffer the consequences. The effects of eutrophication may be 

profound, extending to a severe drop in species diversity, a decrease in water transparency, 

and the occurrence of algal blooms (exuberant growth of a potentially toxic species of alga or 

cyanobacterium). 

A water body that suffers from eutrophication may be ócuredô, e.g., by considerably reducing 

the amount of nutrients in the system. But this is not so easy. It turns out that there are two 

distinct, stable equilibria. There is one state in which the water is relatively clear, and there 

are different species of fish and water plants and relatively few algae; and there is another 

(eutrophied) state in which the water is turbid, and algae are very abundant, but few fish or 

water plants survive. Both system states are more or less stable and resilient. When abiotic 

conditions (predominantly the amount of nutrients in the system) change, the ecosystem 

might shift from one state to the other. Remarkably, the turning-point is dependent on the 

direction of the development. The level of nutrients at which a clear lake turns into a turbid 

one is higher than the level of nutrients that must be reached to turn the turbid lake back into 

its clear state. The existence of these so-called óstable statesô was first demonstrated in 

shallow lakes. Since then, the phenomenon has been identified in a number of other 

ecosystems as well. 

 

Figure 13: Algal bloom in a small river in China. 

source: Wikipedia / Felix Andrews 

4.3.2.3 Links to websites 

The following websites provide most of the information you need for your inquiry in this 

topic. 

 http://en.wikipedia.org/wiki/Plant_nutrition 

 http://en.wikipedia.org/wiki/Fertilizer 

 http://en.wikipedia.org/wiki/Eutrophication 

 http://www.ipni.net/ 

(clear and concise information on nitrogen, phosphorus and other nutrients) 

http://en.wikipedia.org/wiki/Plant_nutrition
http://en.wikipedia.org/wiki/Fertilizer
http://en.wikipedia.org/wiki/Eutrophication
http://www.ipni.net/
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 http://www.cmg.colostate.edu/gardennotes/231.pdf 

(pdf on plant nutrients and deficiencies) 

 http://www.eoearth.org/article/Eutrophication  

(concise information on eutrophication) 

4.3.2.4 Expert experimental procedure 

 Measure biomass growth (during an interval of 10 time steps) with different 

concentrations of nitrate, and a fixed phosphate concentration; e.g., vary nitrate 

concentrations between 1 and 5000 ɛmol/l and a phosphate concentration of 3 ɛmol/l. 

 Measure biomass growth (during an interval of 10 time steps) with different 

concentrations of phosphate, and a fixed nitrate concentration; e.g., vary phosphate 

concentrations between 0.1 and 20 ɛmol/l and a nitrate concentration of 15 ɛmol/l. 

 

4.3.3 Resources for topic B2: The role of light in ecosystems 

4.3.3.1 Problem presentation 

One of the main ideas about how ecosystem functions is that ecosystems have energy flows. 

The sun has produced energy for billions of years. Solar energy is the sunôs rays (solar 

radiation) that reach the Earth. This energy can be converted into other forms of energy for 

example heat and electricity. It is not only humans that take advantage of the solar energy to 

produce other forms of energy. Most of the plants are also able to create energy from sunlight. 

Otto and Silvia have worked with ecosystems in their class project. They have made a video 

telling the story of their ecosystem located off a tropical volcano. The study of ecosystems 

mainly consists of the study of certain processes that link the living (or biotic components) to 

the non-living (or abiotic components). Otto and Silvia are in their video describing how the 

abiotic and biotic components of their ecosystem are linked and how important sunlight is for 

their existence. 

Watch the video http://www.youtube.com/watch?v=v5KIdm6feLk&feature=related 

http://www.cmg.colostate.edu/gardennotes/231.pdf
http://www.eoearth.org/article/Eutrophication
http://www.youtube.com/watch?v=v5KIdm6feLk&feature=related
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Figure 14: Image of the video of the story of ECO mission topic B2. 

If you cannot watch video, read the text: 

Our ecosystem 

This ecosystem is located off a tropical volcano underwater on the continental shelf. Due to 

the volcano, the water is rich in carbon dioxide and nutrients. Because the water is shallow 

and located in the tropics the water is always warm. Now with the organisms, we decided to 

mix it up a bit. There are producers, plants. They are at the bottom of the food web. They 

absorb the carbon dioxide rich water and through sunlight, use it for energy. They get their 

other nutrients by eating soil from the bottom of the eco system. Some of the smaller ones 

simply absorb it from the water. They reproduce asexually by dropping seeds occasionally 

hundreds at a time. There are the primary consumers, the next level up in the food web. This 

is an animal that feeds on producers but it has roots as well. The roots keep it steadily 

supplied with nutrients but it gets energy from eating producers either when feeding or before 

they hatch from their seeds. These tentacles are capable of paralysing prey although some 

have built up immunities. The tentacles also serve to reproduce by inserting into the ground 

sprouting up as a new consumer and then falling off. 

The secondary consumers eat the primary ones. Not all at the time, but gradually. These 

parasitic vine-like growths wrap around the primary consumer eating it and whatever prey it 

catches. Eventually the primary consumer dies and the secondary one drops an egg cluster in 

the corpse. When the egg takes root they will have the corpse (and each other) to provide food 

until they are grown. The decomposers of this system are rarely seen eating the dead 

producers and consumers which have sunk to the bottom. They reproduce by literally growing 

a child and then detaching once it is grow. And this is very good untilé. 

Disaster: 

A massive oil spill occurs. Now the producers have no sunlight. They swim away to other 

sunny regions. But there are less carbon dioxide and less nutrients dissolved in the water so it 

is harder to survive. The producers are threatened. The primary consumers still absorb 

nutrients but they have no source of energy. Only the ones that can survive on seeds until the 

oil clears will survive. They are endangered. The secondary consumers will increase at first 



SCY DVIII.I  

  69 of 206 

because their prey is dying so they have more egg-laying sites. But soon the lack of pray will 

cause them tool to become endangered. 

The only species that benefits are the decomposers because they will feed off the dead 

consumers, first primary then secondary. By the time this resource runs out the oil will have 

cleared and the plants will be back. 

4.3.3.2 Texts of theory 

Ecosystems 

Ecosystems may be observed in many possible ways, so there is no one set of components 

that make up ecosystems. However, all ecosystems must include both biotic and abiotic 

components, their interactions, and some source of energy. The simplest (and least 

representative) of ecosystems might therefore contain just a single living plant (biotic 

component) within a small terrarium exposed to light to which a water solution containing 

essential nutrients for plant growth has been added (abiotic environment). By definition, 

ecosystems use energy and cycle matter, and these processes also define the basic ecosystem 

functions. As always, energy does not cycle, so ecosystems require a continuous flow of high-

quality energy to maintain their structure and function. For this reason, all ecosystems are 

"open systems" requiring a net flow of energy to persist over timeðwithout the sun, the 

biosphere would soon run out of energy! 

 

Figure 15: Ecosystem components 

At a basic functional level, ecosystems generally contain primary producers capable of 

harvesting energy from the sun by photosynthesis and of using this energy to convert carbon 

dioxide and other inorganic chemicals into the organic building blocks of life. Consumers 

feed on this captured energy, and decomposers not only feed on this energy, but also break 

organic matter back into its inorganic constituents, which can be used again by producers. 

Light 

Almost all of the energy that drives the various systems (climate systems, ecosystems, 

hydrologic systems, etc.) found on the Earth originates from the sun. Solar energy is created 

at the core of the sun when hydrogen atoms are fused into helium by nuclear fusion. What we 

call light is what is visible for to us. Visible light is the light that humans can see. Other 

animals can see different types of light. Dogs can see only shades of gray and some insects 

can see light from the ultraviolet part of the spectrum. The key thing to remember is that our 

light is what scientists call visible light. 
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Scientists also call light electromagnetic radiation. Visible light is only one small portion of a 

family of waves called electromagnetic (EM) radiation. The entire spectrum of these EM 

waves includes radio waves, which have very long wavelengths and both gamma rays and 

cosmic rays, which are at the other end of the spectrum and have very small wavelengths. 

Visible light is near the middle of the spectrum. 

The key thing to remember is that light and EM radiation carry energy. The quantum theory 

suggests that light consists of very small bundles of energy/particles; it's just that simple. 

Scientists call those small particles photons, and the wavelength determines the energy and 

type of EM radiation, and the number of photons tells you how much radiation there is. A lot 

of photons give a brighter, more intense type of light. Fewer photons give a very dim and less 

intense light. When you use the dimmer switch on the wall, you are decreasing the number of 

photons sent from the light bulb. The type of light is the same while the amount has changed. 

(Reference: http://www.physics4kids.com/files/light_intro.html) 

Photosynthesis 

Photosynthesis is a process that converts carbon dioxide into organic compounds, especially 

sugars, using the energy from sunlight. Photosynthesis occurs in plants, algae, and many 

species of bacteria, but not in archaea. Photosynthetic organisms are called photoautotrophs, 

since they can create their own food. In plants, algae, and cyanobacteria, photosynthesis uses 

carbon dioxide and water, releasing oxygen as a waste product. Photosynthesis is vital for all 

aerobic life on Earth. As well as maintaining the normal level of oxygen in the atmosphere, 

nearly all life either depends on it directly as a source of energy, or indirectly as the ultimate 

source of the energy in their food.  

 

Figure 16: Overview of cycle between autotrophs and heterotrophs. 

The Figure 5 shows and overview of the cycle between autotrophs and heterotrophs. 

Photosynthesis is the main means by which plants, algae and many bacteria produce organic 

compounds and oxygen from carbon dioxide and water (green arrow). 
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Photosynthesis changes the energy from the sun into chemical energy and splits water to 

liberate O2 and fixes CO2 into sugar. Figure 6 shows a simple overview of the chemical 

processes in photosynthesis. 

 

Figure 17: Photosynthesis simple overview of chemical processes  

4.3.3.3 Links to websites 

 The concept of the ECOsystem 

http://www.globalchange.umich.edu/globalchange1/current/lectures/kling/ecosystem/e

cosystem.html 

 Carbon-Oxygen Cycle http://www.slideshare.net/melissamercer/carbonoxygen-cycle 

 Photosynthesis and biomass growth (Harell & Pratt) 

http://www1.eere.energy.gov/biomass/pdfs/biomass_growth.pdf 

 Photosynthesis - Experiment 1 - Photosynthesis: How does light affect plant growth? 

http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-1-

photosynthesis-how-does-light-affect 

 Photosynthesis - Experiment 2 - Light Intensity: How does the intensity of light affect 

plant growth? 

http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-2-

light-intensity-how-does-intensity 

 Photosynthesis and Biomass growth (Harell & Pratt) 

http://www1.eere.energy.gov/biomass/pdfs/biomass_growth.pdf 

4.3.3.4 Expert experimental procedure 

Here you are provided with an experimental procedure developed by experts. You can use it 

in your experiment for getting valid results. 

 

List of available equipment and needed materials 

- PC or Laptop 

- Vernier computer interface 

- Vernier Dissolved Oxygen Probe 

http://www.globalchange.umich.edu/globalchange1/current/lectures/kling/ecosystem/ecosystem.html
http://www.globalchange.umich.edu/globalchange1/current/lectures/kling/ecosystem/ecosystem.html
http://www.slideshare.net/melissamercer/carbonoxygen-cycle
http://www1.eere.energy.gov/biomass/pdfs/biomass_growth.pdf
http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-1-photosynthesis-how-does-light-affect
http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-1-photosynthesis-how-does-light-affect
http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-2-light-intensity-how-does-intensity
http://www.enotes.com/science-experiments-projects/photosynthesis/experiment-2-light-intensity-how-does-intensity
http://www1.eere.energy.gov/biomass/pdfs/biomass_growth.pdf
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- Vernier Temperature Probe 

- Veriner Light Sensor 

- Logger Pro 

- Scales 

- Beaker (100 ml) 

- Transparent beaker (750 ml) 

- Halogen lamp (240 W) 

- Tap water 

- 20 g Canadian Waterweed (Elodea canadensis) 

 

1. Weigh 20 mg of Canadian Waterweed. 

2. Set up the Halogen lamp. 

3. Fill the 750 ml transparent beaker slowly with water. 

4. Measure the light intensity right next to the beaker with the Light Sensor. 

5. Make sure the concentration of dissolved oxygen in water is constant (below 2 mg/l) at the 

beginning of each experiment. 

6. Place the plants in to the 750 ml beaker filled with water. 

7. Place Dissolved Oxygen Probe in water. Stir gently until the reading stabilizes. Take 

readings of oxygen concentration in each 5 minute during 30 minutes. 

8. Take off the plants and empty the baker and fill it again slowly with water again. 

9. Change the light intensity by placing the beaker in different distances from the light 

source. Measure the light intensity next to beaker. 

10. Place the plants back into the water in the beaker and take readings of oxygen 

concentration in each 5 minute during 30 minutes. 

11. When all readings have been taken, print out a graph to see the production of oxygen by 

plants in different light intensities. 

12.  

Sample data table:  

 Aquarium 1 Aquarium 2 Aquarium 3 Aquarium 4 

lux:      

M in mg/l mg/l mg/l mg/l 

0     

5     

10     

15     

20     

25     

30     
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Figure 18: Sample data graph. 

 

4.3.4 Resources for topic B3: Relationship between trophic levels in an ecosystem 

4.3.4.1 Problem presentation 

Otto and Sylvia are classmates and dedicated fishers. They use to go fishing once or twice a 

week in a lake close to their village. The lake is a biotope for a number of fish species. Some 

of them are predators, like pikes, some other fishes are species of prey, like roaches. Sylvia 

realized that in the last month there were more roaches than pikes in the fish they caught, but 

this month they have caught more pikes than roaches. According to Otto, this is quite a 

peculiar finding. In the biology course, at school, they were taught that the trophic levels in an 

ecosystem can be represented by an ecological pyramid of numbers, biomass, or energy, 

where each subsequent layer decreases in size as one moves from the bottom to the top of the 

pyramid. Based on this knowledge, Otto and Sylvia expected that pikes, which are predator 

species, should be less in number as compared to roaches, which are prey species. Otto and 

Sylvia are in front of a paradox situation. Provided that the fish they have caught are 

representative of the population sizes of roaches and pikes in the lake, this month the two 

species were represented by a reverse order of abundance, namely, pikes were more abundant 

than roaches. Could it be that there is some variation in the catches of fish of local fishermen, 

which could explain the differences in population sizes? Could it be that fishermen 

themselves might attempt to enrich the lake with fish stock so that they can maintain their 

fisheries in the long run? They discussed their observation with local fishermen who replied 

that differences in population sizes like the one found by Sylvia and Otto are quite common. 

Fishermen were also quite confident that the lake was self-sufficient in terms of the 

abundance of roaches and pikes, so they did not need to intervene in the local aquatic 

ecosystem in any way. How can Otto and Sylvia explain their finding?  

Please note the basic concepts concerning the relationship between trophic levels, aquatic 

ecosystems, and prey-predator interactions, which were included in the story you have just 

read. You can find the definitions of all underlined terms in the glossary [link to glossary]. 



DVIII.II   SCY 

74 of 206 

 

 

Figure 19: Common roach (Rutilus rutilus) 

source: http://en.wikipedia.org/wiki/File:Blausteinsee_Tierwelt_03.jpg 

 

Figure 20: Northern pike (Esox lucius) 

source: http://en.wikipedia.org/wiki/File:Hecht.jpg 

4.3.4.2 Texts of theory 

This mission is about aquatic ecosystems, the organisms that live in aquatic ecosystems and 

the biotic and abiotic components that influence their lives. This particular part of the mission 

focuses on relationships between trophic levels, aquatic ecosystems, and prey-predator 

interactions. The texts below present the basic aspects of the background theory concerning 

these phenomena. 

Relationships between trophic levels in an ecosystem 

Feeding sources of organisms 

Organisms in an ecosystem are distinguished on the basis of their feeding sources. The source 

of all food is photosynthesis, through which plants use the energy of sunlight to convert 

carbon dioxide (CO2) and water (H2O) into organic compounds (e.g., sugars) and oxygen 

(O2). Plants use the energy stored in the organic compounds built during the process of 
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photosynthesis. Since plants produce their food (i.e., organic compounds) themselves, they 

are called óproducersô or óautotrophsô. All animals are óheterotrophsô. Animals which eat 

plants are called óherbivoresô or óprimary consumersô. Animals which feed on other animals 

are called ócarnivoresô or ósecondary consumersô. Each relationship which involves an 

herbivore (prey) and a carnivore (predator) is termed prey-predator relationship. Some 

carnivores predate on other carnivores. These predators are called ótertiary consumersô. 

Food chains and food webs 

Since organisms are dependent upon other organisms for their food, we can construct ófood 

chainsô by following the feeding habits of various organisms. Each food chain has at its 

starting point a plant species. However, most species do not feed on a specific feeding source 

but present feeding behaviour which includes a range of feeding sources. Further, feeding 

sources might vary according to the season. In order to describe this variety, scientists use the 

term ófood webô, which comprise ensembles of interconnected food chains. 

Trophic levels 

Collections of organisms which present the same feeding habits correspond to trophic levels. 

Putting one trophic level upon the other, we can obtain an ecological pyramid, which can be 

used to describe the composition of an ecosystem as far as its biotic components are 

concerned. By looking at any ecological pyramid, we can easily discern that the size of 

subsequent trophic levels decreases steadily from the bottom to the top of the pyramid. This 

decrease is to be attributed to the energy transfer from each trophic level to the next, which is 

facilitated by food consumption. Energy transferred to the next trophic level is always less 

compared to the energy introduced in the former trophic level. Organisms need to expend 

energy to stay alive, undertake all their activities, and reproduce. Therefore, energy left after 

removing all energy losses, is always a fraction of energy introduced in a trophic level 

through food consumption. It has been calculated that about 10% of the energy stored in each 

trophic level is transferred to the next trophic level. 

Decomposers 

A group of organisms which are not depicted in ecological pyramids are the ódecomposersô or 

ódetritivoresô. They break down dead organic material (i.e., detritus), namely, dead plant and 

animal tissues, and gain the energy included in the dead organic material. Examples of 

decomposers are bacteria and fungi (e.g., mushrooms). By deconstructing dead animals and 

plants, decomposers transform dead organic matter into inorganic chemicals, many of which 

are used again by plants as   mineral nutrients. Note that these mineral nutrients do not 

comprise ófoodô for plants but only essential elements that plants need to uptake and integrate 

in the organic compounds they produce through the process of photosynthesis. 

Transfer of energy and matter 

There is transfer of both energy and matter through the various compounds of ecosystems.  

However, there is a crucial difference between the way energy and matter move through 

ecosystem compounds. The flow of energy proceed in a linear fashion: energy is continuously 

supplied by the sun and enters in food webs through photosynthesis. Then energy moves from 

the producers (i.e., plants) to all other consumers until it is totally degraded through trophic 

levels. On the other hand, matter moves in a cyclical manner: matter is always recycled 

through the activity of decomposers. 
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Figure 21: Freshwater aquatic and terrestrial food web 

source: http://en.wikipedia.org/wiki/File:FoodWeb.jpg 

 

Aquatic ecosystems 

Aquatic ecosystems cover over two-thirds of the earthôs surface. They are composed by 

communities of plants and animals that depend on water. Marine and freshwater ecosystems 

are the major types of aquatic ecosystems. The latter have a much lower salt content than the 

former. Freshwater Ecosystems cover less than one percent of the earthôs surface but still host 

a big variety of life forms. Indeed, freshwater ecosystems include about 40% of all fish 

species. 

Roaches and pikes are typical representatives of a prey-predator relationship in freshwater 

ecosystems. The common roach (Rutilus rutilus) is a freshwater water fish native to most 

parts of Europe. The roach often reaches no more than about 35 cm. It feeds on plant material, 

bottom dwelling (benthic) invertebrates and plankton. The northern pike (Esox lucius) is a 

species of carnivorous fish, which is typical of freshwaters of the northern hemisphere. Pikes 

might grow more than one meter in length and more than 20 kg in weight. They feed on 

smaller fish. 

Typical representatives of autotrophic organisms in freshwater ecosystems are algae. As is the 

case with terrestrial plants, algae use sunlight to generate organic compounds. In stream food 

webs, food chains are based on algae. Most invertebrates are herbivores or detritivores. Fish 

are top predators. Birds and amphibians are also included among higher consumers in many 

cases. Many fish feed on stream invertebrates. A few birds might spear some large 

invertebrates that have avoided fish predation. Other birds might capture aquatic insects that 

have emerged from the stream. 

Phytoplankton, primarily algae, comprise the base of a lake's food chain too. A diverse 

community of microscopic zooplankton occupies the upper layer of the lake. Zooplankton 

feeds on algae. If one can see clearly through the water of the lake, then zooplankton consume 

much of the algae. If the water of the lake is not clear, then algae are much more abundant. 
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Figure 22: Trophic levels in an aquatic ecosystem 

source: http://creationwiki.org/File:Food_web1.jpg 

 

Prey-predator relationships among species interactions 

Interactions between species 

Interactions between species are not confined to their feeding habits. There are three basic 

types of interactions, which are approached on the basis of their effects on the species 

involved. In predation, the predator benefits (+), while the prey is disadvantaged (-). Typical 

examples for predation are the wolf vs. deer interaction in terrestrial ecosystems and the pike 

vs. roach interaction in aquatic ecosystems. Species might compete with each other. This is 

most frequently attributed to the fact that resources available are often limited (e.g., food). 

Any example that involves two carnivores feeding on the same prey species might evolve in a 

competitive interaction between the two predators. In this case, both species are affected 

negatively. 

Note that the prey-predator relationship is distinguished from competition because these two 

interactions are accompanied by different effects on the species engaged: Whereas predation 

is a ó+/-ó interaction type (i.e., the predator benefits, while the prey is negatively affected), 

competition is a ó-/-ó interaction type (both species are affected negatively). 

Another type of interaction is mutualism, where both species benefit (+/+ type of interaction). 

A typical example of mutualism in terrestrial ecosystems is pollination, where insects get 

nectar and plants are supported in their reproduction through the transfer of pollen. The 

symbiosis between the clownfish and the anemone is an interesting example of mutualism in 

aquatic ecosystems. Due to special mucus, clownfish can dwell among the tentacles of 

anemones and not get stung. At the same time, the stinging tentacles of the anemone protect 

the clownfish from its predators. Therefore, the clownfish benefits from the housing and 

protection of the anemone. In return, the anemone is protected from anemone-eating animals, 
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gets the scraps the clownfish brings and can sting and digest the large fish that the clownfish 

lures in. 

The impact of prey-predator relationship on the characteristic features of species 

The interactions between species have a significant impact on the characteristic features of 

species. Focusing on prey-predator relationships, traits that are crucial in determining a 

predatorôs ability to capture individuals of the prey population will tend to increase their 

frequency in the predator population, namely, more individuals are expected to carry those 

traits in future generations. Accordingly, traits that reinforce the preyôs ability to avoid its 

predator will tend to increase in frequency in the forthcoming generations. Since the traits 

selected for each partner of the relationship are not compatible, the prey-predator relationship 

is continuously evolving. Quite interestingly, the behaviour of the predator determines to a 

large extent the features of the prey and vice versa. 

 

 

Figure 23: Tuna is a typical predator 

source: http://en.wikipedia.org/wiki/File:Thunnus_thynnus.jpgl 

4.3.4.3 Links to websites 

This is a list of web pages, which include basic information on relationships between trophic 

levels in an ecosystem, aquatic ecosystems, and prey-predator relations. 

 http://marinebio.org/Oceans/trophic-structure.asp (Trophic levels in an aquatic ecosystem) 

 http://www.fao.org/fishery/topic/4300/en (Primary producers in an aquatic ecosystem)

  

 http://oceanworld.tamu.edu/resources/oceanography-book/marinefoodwebs.htm (Marine 

fisheries food webs) 

 http://environment.nationalgeographic.com/environment/habitats/freshwater-profile.html 

(Freshwater habitats) 

 http://www.sciencedaily.com/releases/2007/06/070624132617.htm óSurprisingly, 

Harvesting Prey Boosts Predator Fishô (Science News from Science Daily) 

 http://www.globalchange.umich.edu/globalchange1/current/lectures/predation/predation.h

tml (Prey-predator interactions) 

 http://www.eoearth.org/article/Predator-

prey_cycles#The_Graph_for_the_Predator_Population (Prey-predator cycles) 

 http://www.kimvdlinde.com/professional/popdyn/popdyn_en.html (Population dynamics 

models, including the Lotka-Volterra prey - predator model) 

http://ecosma.blogspot.com/2008/09/what-fad.html
http://marinebio.org/Oceans/trophic-structure.asp
http://www.fao.org/fishery/topic/4300/en
http://oceanworld.tamu.edu/resources/oceanography-book/marinefoodwebs.htm
http://environment.nationalgeographic.com/environment/habitats/freshwater-profile.html
http://www.sciencedaily.com/releases/2007/06/070624132617.htm
http://www.globalchange.umich.edu/globalchange1/current/lectures/predation/predation.html
http://www.globalchange.umich.edu/globalchange1/current/lectures/predation/predation.html
http://www.eoearth.org/article/Predator-prey_cycles#The_Graph_for_the_Predator_Population
http://www.eoearth.org/article/Predator-prey_cycles#The_Graph_for_the_Predator_Population
http://www.kimvdlinde.com/professional/popdyn/popdyn_en.html
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4.3.4.4 Expert experimental procedure 

Experimental procedure (game simulation) 

Research question: What will be the trend for the population sizes of the prey and predator 

species in time? 

How will the populations change in the short, medium and long-term? 

Hypothesis:  In the short term, predators will consume all prey (H1; short term). 

If predators consume all prey, they themselves will go extinct (H2; 

medium term). 

General principle: We will use the SCY-Lab to produce a graph depicting the change in 

population sizes of the prey population and the predator population 

(dependent variables) in time (independent variable). 

Step 1:   We will play the game simulation for ten units of time. 

Action 1a:  We will form a prey-group and a predator-group. 

Action 1b:   All participants should follow the rules of the game. 

 

Step 2:  We will record the data concerning dependent variables (population 

sizes) and independent variables (time). 

Action 2a: A boy or a girl will have to record the number of pikes and roaches for 

each point in time. 

Action 2b:  He/she will also monitor the behaviour of ópikesô and óroachesô to 

secure that the rules of the game are followed. 

 

Step 3:   We will construct a graph. 

Action 3a:  We will plot time (independent variable) on the X-axis. 

Action 3b:  We will plot both populations (dependent variables) on the same Y-

axis. In order to do so, we will have to set the scale for the Y-axis. 

 

Step 4:   We will confirm or reject our hypotheses. 

Action 4a: We will compare the data derived by the game simulation as depicted 

in the graph with our predictions.  

Action 4b: If the data are in line with our predictions, we will confirm our 

hypotheses. If not, we will reject them.  

 

Experimental procedure (SCYDynamics model) 

Research question:  What will be the trend for the population sizes of the prey and predator 

species in time? 

How will the populations change in the short, medium and long-term? 
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Hypothesis:   In the short term, predators will consume all prey (H1; short term). 

If predators consume all prey, they themselves will go extinct (H2; 

medium term). 

General principle: We will use the graph interface of SCYDynamics to display the graph 

depicting the change of the prey and predator populations in time. 

Step 1:   We will confirm or reject our hypotheses. 

Action 1a:  We will compare the data derived by the graph with our predictions. 

Action 1b:  If the data are in line with our predictions, we will confirm our 

hypotheses. If not, we will reject them. 

 

4.3.5 Resources for topic C1: The concept of pH and changes of pH  

4.3.5.1 Problem presentation 

Otto and Anna have been pen-friends several years. Anna lives in Sweden and Otto in 

Estonia. Estonia is known for its limestone banks. Also, national Estonian stone is limestone. 

During her summer vacation Anna was visiting Otto in Estonia. Buddies decided to go trout 

fishing to a lake near the home village. On their way to the lake, Anna told Otto that there 

were some lakes in Sweden with transparent pure water and beautiful granite stones on 

bottom, but no fish - that was due to acid rain. Anna was curious if there was no acid rain in 

Estonia. Otto said that they did have acid rain in Estonia, like in other countries. Anna was 

really surprised. How was this possible? Shouldnôt the acidic precipitation inhibit the fish 

spawning? Otto started thinking about it. Indeed, how could trout survive despite of acid rain? 

 

 

Figure 24: Origins of acid rain. (This is a file from Wikimedia Commons) 

  

http://commons.wikimedia.org/wiki/Main_Page
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4.3.5.2 Texts of theory 

The topic of the concept of pH and changes of pH focuses on the importance of preserving a 

stable pH in aquatic ecosystems. 

pH 

pH is a logarithmic measure of the effective concentration of hydrogen ions in a solution, pH 

= -log [H+]. pH is a measure of the acidity (or basicity) of a solution, where values of 0 to 14 

are possible. Acidic solutions have a pH < 7. E.g., pH value of urine is around 6, orange juice 

around 3 and lemon juice around 2. Alkaline (also called basic) solutions have pH > 7. E.g., 

pH in solution of baking soda is 9, soapy water is 12 and bleach is 13. Neutral solutions have 

pH = 7. High acidity or alkalinity can cause direct physical damage to skin, gills and eyes of 

fish. If wide pH swings were to occur in ponds, lakes and the seas, for various biochemical 

reasons, fish and other organisms would not survive. Changes in pH affect the toxicity of 

many dissolved compounds. For example, ammonia becomes more toxic as pH increases. 

 

 

Figure 25: pH scale. (This is a file from Wikimedia Commons.) 

http://creativecommons.org/licenses/by/3.0/deed.en  

 

pH indicators 

Special indicators are used to measure pH of solutions. pH indicators are substances that 

undergo a sharp, easily observable colour change when pH of a solution changes. Commonly 

used indicators are methyl orange and phenolphthalein. 

pH value can be roughly and quickly measured with pH paper strips, which change colour 

depending on pH value in a solution. E.g., litmus paper turns red if environment in a solution 

is acidic and it turns blue if environment is basic. The colour of litmus paper does not change 

if a solution is neutral. Using pH strips is convenient and simple. A strip is submerged in the 

http://commons.wikimedia.org/wiki/Main_Page
http://creativecommons.org/licenses/by/3.0/deed.en
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solution of interest and the reading of pH is done by comparing/matching the colour of the 

strip with the colour range on the package. 

 

 

Figure 26: pH indicator paper. (This is a file from Wikimedia Commons.) 

http://creativecommons.org/licenses/by/3.0/deed.en  

 

pH meter 

In order to measure pH more precisely you need to apply a pH meter. pH meter consists of a 

special electrode which is connected to electronic equipment ï a meter that displays the pH 

reading. At the time of their invention, pH meters could be used only in lab conditions. 

Nowadays a pH sensor can be connected to a portable mobile device or a laptop and 

measurements can be done on the spot, so that there is no need to collect the samples and 

transport them to the lab. 

 

 

Figure 27: A Vernier pH sensor connected to a LabQuest MINI transmitter. (Picture by Maksim Zinakov) 

Influence of pH on aquatic life 

http://commons.wikimedia.org/wiki/Main_Page
http://creativecommons.org/licenses/by/3.0/deed.en
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As it was said earlier, serious fluctuations of pH in aquatic ecosystems can cause severe 

damage to organisms living there. One factor which lowers the pH of water bodies is acid 

rain. The term óacid rainô refers to any form of precipitation such as rain, fog, snow or hail 

which contains nitric and sulphuric acids. These acids form in air from nitrogen and sulphur 

oxides emitted by industry, transportation and power plants. 

Aquatic organisms require the pH of water to be within an optimal range in order to grow and 

survive. Most of aquatic organisms prefer pH ranging 6.5 ï 8.0. Outside of this range 

reproduction can suffer and species even extinct if the pH is differing greatly from the values 

optimal for their growth. In addition to that, low pH can cause the release of toxic metals and 

compounds from sediments into the water. Changes in pH also have influence on the 

availability of plant nutrients (phosphate, ammonia, iron). 

Water hardness 

Water hardness is defined as reluctance of water to produce lather with soap, due to various 

dissolved salts, mainly salts of calcium and magnesium. Rain water is soft, not containing any 

minerals, but as it seeps through the ground containing chalk or limestone, it is enriched with 

chemical compounds.  

While playing a very important role in water bodies, these same salts cause unpleasant scale 

in boilers, pipes and kettles. 

 

Figure 28: Lime scale in our daily life. (Picture by Maksim Zinakov.) 
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4.3.5.3 Links to websites 

 http://www.purchon.com/chemistry/ph.htm  

A web page about pH of acids and alkalis, contains an animation. 

 http://www.johnkyrk.com/pH.html  

An animated web page explaining pH and containing some historical data. 

 http://www.lenntech.com/aquatic/acids-alkalis.htm  

A web-site explaining effects of changes in pH on freshwater ecosystems. 

 http://www.uri.edu/ce/wq/ww/Publications/pH&alkalinity.pdf  

A publication of the University of Rhode Island. This article explains importance of pH in 

water body and variables influencing it. 

 http://www.water̿ research.net/Watershed/pH.htm 

A web-site about pH and factors which cause the pH of a stream to vary (Wilkes 

University Center for Environmental Quality Environmental Engineering and Earth 

Sciences) 

 http://ga.water.usgs.gov/edu/phdiagram.html 

Definition and measurement units; importance of pH; diagram of pH; measuring pH; pH 

and water quality (USGS Water Science for Schools) 

 http://www.rst2.edu/ties/acidrain/PDF/3effects/ef9.pdf 

Norwegian Pollution Control Authority. An article about the damage caused by acid rain 

in Norway. 

 http://www.epa.gov/acidrain/effects/surface_water.html 

A web page about the effects of acid rain on ecosystems. Role of buffering capacity. 

 http://www.water-research.net/Watershed/alkalinity.htm 

Alkalinity - The Protector of the Stream 

4.3.5.4 Expert experimental procedure 

List of available equipment and needed materials: 

Å PC 

Å Vernier computer interface 

Å Vernier pH sensor 

Å Distilled water (3 litres) 

Å Samples of ground (limestone, granite, sand, peat) 

Å Vessels (250 ml) 

Å Scales 

Å Sulphuric acid solutions (Solution A ï 0.0001M; Solution B ï 0.01M) 

Å Syringes (2 ml and 10 ml) 

Å Paper towel 

http://www.purchon.com/chemistry/ph.htm
http://www.johnkyrk.com/pH.html
http://www.lenntech.com/aquatic/acids-alkalis.htm
http://www.uri.edu/ce/wq/ww/Publications/pH&alkalinity.pdf
http://www.water?research.net/Watershed/pH.htm
http://ga.water.usgs.gov/edu/phdiagram.html
http://www.rst2.edu/ties/acidrain/PDF/3effects/ef9.pdf
http://www.epa.gov/acidrain/effects/surface_water.html
http://www.water-research.net/Watershed/alkalinity.htm
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1. Take a sample of a ground and wash it in tap water to remove dust and dirt. 

2. Rinse sample with distilled water. 

3. Weigh 5g of each ground to the vessels and add 50ml of distilled water to each of them. 

4. Stir the mixtures about 1 minute. 

5. Leave the samples on a table for 5 minutes before measuring pH. 

6. Measure the pH of samples with Vernier pH sensor. 

7. Add sulfuric acid to each sample (according to the table below) and stir the mixtures. 

8. Measure the pH of samples with Vernier pH sensor. 

Follow the same procedure according to the table. 

 

Table 1. pH of different grounds. 

Type of ground pH of the mixture 

1 ml Solution A 10 ml Solution 

A 

1 ml Solution B 10 ml Solution 

B 

Distilled water     

     

     

     

     

 

Important notes: 

Å Please test your Vernier pH sensor with standardized buffer solution before starting to 

measure. 

Å Please be patient, sometimes it takes some minutes until pH reading will stabilize. 

Å Please gently stir Vernier pH sensor in distilled water and dry with a paper towel before each 

measuring. 
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4.4 APPENDIX 4: Resources for teachers 

4.4.1 Help for the teachers in evaluating the concept map 

Influencing factors: 

Ecosystem management is holistic. It recognizes the connections between air, land, water, and 

all living beings. 

Checklist for influencing factors in ecosystems: 

Physical alterations include changes in water temperature, water flow and light availability 

(sunlight), flooding. 

Chemical alterations include changes in the loading rates of biostimulatory nutrients, oxygen 

consuming materials, toxins, dissolved oxygen content (which is the amount of oxygen gas 

dissolved in a given volume of water at a particular temperature and pressure), the salinity 

(the amounts of various inorganic minerals or salts dissolved in a given volume of water). 

Biological alterations include the introduction of exotic species. Human populations can 

impose excessive stresses on aquatic ecosystems. Human influence e.g., pollution, global 

climate change, habitation, use of resource. Animal influence e.g., beaver 

(http://wiki.answers.com/Q/What_are_Limiting_factors_for_aquatic_ecosystem)  

Determining factors:  

An ecosystem is composed of biotic communities and abiotic environmental factors, which 

form a self-regulating and self-sustaining unit. Abiotic environmental factors of aquatic 

ecosystems include temperature, salinity, and flow (Loeb, 1994).  

The amount of dissolved oxygen in a water body is frequently the key substance in 

determining the extent and kinds of organic life in the water body. Fish need dissolved 

oxygen to survive. Conversely, oxygen is fatal to many kinds of anaerobic (Manahan, 2005). 

The salinity of the water body is also a determining factor in the kinds of species found in the 

water body. Organisms in marine ecosystems tolerate salinity, while many freshwater 

organisms are intolerant of salt. 

Dependent factors: 

Biotic Factors ï all living organisms (plants, animals, birds, fish, insects, protozoa, algae, 

fungi, protists and bacteria) that are directly or indirectly dependent upon the pond for their 

existence and whose life will be affected if that pond disappears; together constitute the biotic 

(living) factors of Pond Ecosystem. 

(http://in.answers.yahoo.com/question/index?qid=20080501182530AAEEksr) 

Function:  

Aquatic ecosystems perform many important environmental functions. For example, they 

recycle nutrients, purify water, attenuate floods, recharge ground water and provide habitats 

for wildlife (Loeb, 1994). Aquatic ecosystems are also used for human recreation, and are 

very important to the tourism industry, especially in coastal regions (Daily & Spacie, 1997). 

The health of an aquatic ecosystem is degraded when the ecosystem's ability to absorb a stress 

has been exceeded. A stress on an aquatic ecosystem can be a result of physical, chemical or 

biological alterations of the environment. Physical alterations include changes in water 

temperature, water flow and light availability. Chemical alterations include changes in the 

loading rates of biostimulatory nutrients, oxygen consuming materials, and toxins. Biological 

http://wiki.answers.com/Q/What_are_Limiting_factors_for_aquatic_ecosystem
http://in.answers.yahoo.com/question/index?qid=20080501182530AAEEksr
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alterations include the introduction of exotic species. Human populations can impose 

excessive stresses on aquatic ecosystems (Loeb, 1994). 

References: 

Loeb, S. L., & Spacie, A. (1994). Biological monitoring of aquatic systems. CRC Press. 

Daily, G. C. (1997). Natureôs services. Island Press. 

Manahan, S. E. (2005). Environmental Chemistry. CRC Press. 

Barange, M., Field, J. G., Harris, R. P., Eileen, E., Hofmann, E. E., Perry, R. I., & Werner, F. 

(2010). Marine ecosystems and global change. Oxford University Press. 

4.4.2 Topic B1: The influence of nutrients on primary production 

4.4.2.1 Assignment: formulating a problem 

Studentsô problem formulation should contain the following elements: 

 in many lakes, algae are abundant and fish are absent; 

 the cause for this state must be sought in the amount of nutrients in the ecosystem. 

4.4.2.2 Assignment: formulating research questions 

Examples of good research questions are: 

 What is the relation between nitrate concentration and primary production? 

 What is the relation between phosphate concentration and primary production? 

 What is the optimal N:P ratio for primary production? 

4.4.2.3 Assignment: formulating hypotheses 

Examples of good hypotheses are: 

 If the nitrate concentration increases, the rate of primary production will increase. 

 If the phosphate concentration increases, the rate of primary production will increase. 

 Producers need higher amounts of nitrogen than phosphate. 

4.4.2.4 Assignment: conducting the experiment with SCY Dynamics 

SCYDynamics ï simple model 

Mathematical model 

The simple model has one stock: biomass (phytoplankton growth). Biomass increase depends 

on nitrate (NO3
-
) and phosphate (PO4

3-
) concentrations. Change in phytoplankton biomass B 

can be described as a function of growth (µ) and mortality (m) as: 

mBB
dt

dB
 

Where µ (effective growth rate) is defined as: 
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Where [PO4
3-
] and [NO3

-
] denote concentrations of phosphate and nitrate in the water, and 

HPO4 and HNO3 are the half-saturation constants for phosphate and nitrate respectively. The 

half-saturation constant is an indication for the affinity of a phytoplankton species for a 

resource. A lower half-saturation constant indicates a higher affinity. This affinity depends, 

http://en.wikipedia.org/wiki/CRC_Press
http://en.wikipedia.org/wiki/Island_Press
http://en.wikipedia.org/wiki/CRC_Press


DVIII.II   SCY 

88 of 206 

among others, on the amount of resourced needed for growth. Because phytoplankton cells 

contain ~16 times less P than N (according to the famous Redfield ratio), the half-saturation 

constant for PO4
3-

 is typically lower than for NO3
-
. Also, biomass decreases at a constant 

(mortality) rate. Values that could be used (based on Klausmeier et al. 2004): 

m:  0.59  d
-1 

µmax: 1.35  d
-1

 

HPO4:  0.2  µmol L
-1 

HNO3:  5.6  µmol L
-1

 

SCYDynamics model 

In this simple SCYDynamics model students can tweak the nitrate and phosphate 

concentrations (denoted as constants N and P). The affinity values and the maximum growth 

rate are biological constants that should not be changed. The model will behave as follows. 

When the concentration of a resource is higher than the half-saturation constant, the growth 

approaches µmax, whereas if the concentration of a resource is lower than the half-saturation 

constant, growth approaches 0. In this simple model, growth is always exponential. Thus, 

nitrate and phosphate concentrations influence the growth speed. 

 

Figure 29: The influence of N and P on biomass 

 

Figure 30: Biomass growth (N = 15 µmol/L , P = 3 µmol/L)  

Reference 
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Klausemeier CA, Litchman E, and Levin SA. 2004. Phytoplankton growth and stoichiometry 

under multiple nutrient limitation. Limnology and Oceanography 49: 1463-1470. 

4.4.2.5 Assignment: applying the Data Processing tool in order to make inferences 

Data sets for reference: 

 

Figure 31: Amount of biomass after running the simulation for ten time steps (days) for different nitrate 

concentrations (N) and a phosphate concentration of 3 µmol/L. 

 

Figure 32: Amount of biomass after running the simulation for ten time steps (days) for different 

phosphate concentrations (P) and a nitrate concentration of 15 µmol/L. 
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Inferences for reference: 

- Biomass grows exponentially. 

- An increase in nitrate concentrations causes an increase in the speed of (biomass) 

growth. 

- When nitrate concentrations increase even further, the speed of growth reaches a 

maximum.  

- Below a certain nitrate concentration the amount of biomass will decrease instead of 

increase. 

- An increase in phosphate concentrations causes an increase in the speed of (biomass) 

growth. 

- When phosphate concentrations increase even further, the speed of growth reaches a 

maximum.  

- Below a certain phosphate concentration the amount of biomass will decrease instead 

of increase. 

- The threshold (the value below which biomass decreases instead of increases) is lower 

for phosphate than for nitrate. 

4.4.3 Topic B2: The role of light in ecosystems 

4.4.3.1 Assignment: formulating research questions 

Suggestions for research questions: 

- Will different intensity in light affect the plant growth? 

- Will different duration of light energy that plants are exposed to affect the plant growth? 

- How much light energy a day does a plant need in order to grow? 

4.4.3.2 Assignment: formulating research hypotheses 

Suggestions for hypotheses: 

- Light intensity will have an effect on the rate of photosynthesis. 

- Light intensity will have an effect on what the aquatic plant produces (Oxygen and glucose 

in the water) 

- Different light intensity (e.g., various light bulbs) will influence the rate of plant growth. 

4.4.3.3 Assignment: applying the Data Processing tool in order to make inferences 

Data sets for reference 

lux:  8734 4122 1996 996 

Min mg/l mg/l mg/l mg/l 

0 1,7 1,7 1,7 1,2 

5 2,2 2 1,9 1,5 

10 2,5 2,2 2 1,6 

15 3 2,4 2,1 1,7 
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20 3,4 2,5 2,4 1,8 

25 3,6 2,8 2,5 2 

30 3,9 3 2,6 2,1 

 

 

Figure 33: Reference data of the results of the experiment. 

4.4.4 Topic B3: Relationships between trophic levels in an ecosystem 

4.4.4.1 Assignment: applying the Data Processing tool in order to make inferences 

Data set for reference (simulation game) 

Units of time Population size of predator Population size of prey 

1 4 10 

2 8 6 

3 12 2 

4 4 10 

5 8 6 

6 12 2 

7 4 10 

8 8 6 

9 12 2 

10 4 10 

Inferences for reference (simulation game) 

Both hypotheses will be rejected: prey and predator populations fluctuate in time.  
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No population goes extinct. As predators consume prey, their population size increases. 

However, after some time the population size of the prey population decreases to an extent 

where the individuals of the predator population cannot all be supported by the available 

feeding sources. Then, the predator population decreases in size. Since predators and not 

abundant, the prey population increases. Then, the same cycle is repeated. In this regard, prey 

and predator populations fluctuate in time. 

 

Data set for reference (SCYDynamics model) 

 

Figure 34: Prey and predator populations fluctuate around a mean value, while the width of the 

oscillation remains constant in time. 

 

Ideal inferences for reference (SCYDynamics model) 

Both hypotheses will be rejected: prey and predator populations fluctuate around a mean 

value, while the width of the oscillation remains constant in time.  

As predators consume prey, their population size increases. However, after some time the 

population size of the prey population decreases to an extent where the individuals of the 

predator population cannot all be supported by the available feeding sources. Then, the 

predator population decreases in size. Since predators and not abundant, the prey population 

increases. Then, the same cycle is repeated. Prey and predator populations fluctuate around a 

mean value, while the width of the oscillation remains constant in time. 

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

4.4.5.1 Assignment: formulating a problem 

Problem formulation for reference:  

Why does acid rain cause a vast decline of pH value in water bodies of some countries, while 

in other countries it does not have a similar effect? 

  



SCY DVIII.I  

  93 of 206 

4.4.5.2 Assignment: formulating research questions 

Research questions for reference: 

Å How does pH of water depend on different types of ground? 

Å How does added acid influence pH of water with different types of ground? 

4.4.5.3 Assignment: formulating hypotheses 

Hypotheses for reference: 

Å If the salts in ground dissolve in water, then they can influence pH of water. 

Å Added acid has a minimized or no effect on pH of water with ground containing salts that 

give alkaline reaction in water. 

4.4.5.4 Assignment: applying the Data Processing tool in order to make inferences 

Data set for reference 

Type of ground 
Concentration of sulphuric acid pH of the mixture 

1 ml 0,0001M  10 ml 0,0001M  1 ml 0,01M  10ml 0,01M 

Distilled water 5,79 4,62 3,54 2,41 

Granite 1 (fraction ~4-8 mm) 6,17 5,69 3,54 2,61 

Granite 2 (fraction ~10mm) 5,54 4,69 3,47 2,42 

Sand fraction (~1-6mm) 6,55 5,89 3,79 2,54 

Limestone 

(fraction ~4-10mm) 
7,87 7,21 4,96 2,75 

 

Inferences for reference: 

Å pH of water with limestone ground is alkaline. pH of water with granite ground remains 

close to neutral. 

Å Adding small amounts of sulphuric acid solution to water with limestone ground did not 

affect pH of water. Adding same amount of sulphuric acid to water with granite ground 

lowers pH. 

Task for the drawer: Construct a graph with results of your experiment and make inferences 

on the basis of this graph.] 

4.4.5.5 Assignment: formulating a solution for the topic-specific problem 

Solution for reference: 

The reason why acid rain causes a vast decline of pH value in water bodies of some countries 

while having no similar effect in others, lies in different composition of ground. In countries 

with granite bedrock, acid rain causes acidification of water bodies. In other countries with 

ground containing limestone, acid rain doesnôt lower pH of water because of neutralizing 

effect of calcium carbonate in limestone. 
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4.4.6 Results of the analysis of curricula 

 

Topics and possible 

research questions 

Comments Subjects Relevance for secondary and school Relevance for basic 

school 

B1: Influence of abiotic 

ecological factors on the 

size of a population 

R1: How is the level of 

CO2 related to the size 

of the populations? 

R2: How is the level of 

O2 related to the size of 

the populations? 

The theme is for understanding the 

concepts of abiotic and biotic factors 

(topics in both basic and secondary 

school). O2/CO2 can be measured 

with mobile devices. The size of the 

population of plants/animals can be 

weighted. The experiments have 

some limitations due to ethical 

issues. Both abiotic factors can be 

measured in a lake/river and 

aquarium whereas population size 

can be measured only in an aquarium 

(estimations can be made in real 

nature as well). Thus, hypotheses 

will be formulated on the basis of 

measurements of O2 and CO2 in a 

lake/river and aquarium is for testing 

these hypotheses while the size of the 

population can be found. In addition 

the manipulations for finding the 

relations between the sizes of 

different populations (biomass or 

number of animals) can be found 

with simulations. 

Integrates 

biology with 

chemistry 

(O2/CO2) and 

mathematics 

(calculation of 

percentages) 

Estonia: influence of abiotic ecological 

factors on the living activity of organisms 

Cyprus: energy flow and cycles of matter in 

ecosystems; abiotic environment 

Norway: describe change  (succession 

processes) in an ecosystem and elaborate on 

factors that influence the size of population 

France: oxygen, CO2 and water cycle 

The Netherlands: overlap with attainment 

targets 

Estonia: biotic and 

abiotic ecological 

factors and their 

influence on different 

organisms  

Cyprus: energy flow 

and cycles of matter in 

ecosystems 

France: identifies and 

makes links between 

biological components 

and physical 

environments 

Norway: elaborate on 

which biotic and abiotic 

factors are part of an 

ecosystem and explain 

the relationship 

between the factors 

The Netherlands: 

overlap with attainment 

targets 
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Topics and possible 

research questions 

Comments Subjects Relevance for secondary and school Relevance for basic 

school 

B2: Level of 

photosynthesis and 

respiration. 

R3: How is the level of 

photosynthesis and 

respiration depending 

on the light conditions? 

R4: What influence has 

temperature on the level 

of photosynthesis and 

respiration? 

 

A topic for integrating the outcomes 

from topics B1 and P1 (ecological 

factors and propagation of light). In 

the case of photosynthesis, 

concentration of O2 and size of the 

plantsô population can be seen as 

dependent variables and light 

intensity (and concentration of CO2) 

as independent variables. Other way 

around in the case of respiration. pH 

can be measured and analysed as a 

variable that should not vary in the 

experiments. 

Integrates 

biology with 

chemistry 

(O2/CO2/pH), 

physics 

(propagation of 

light), and 

mathematics 

(calculation of 

percentages) 

Estonia: photosynthesis and respiration, 

energy needs and acquisition of autotrophs 

and heterotrophs 

Cyprus: solar energy as energy input for 

ecosystems, photosynthesis as the means of 

absorbing energy by autotrophs; respiration 

Norway: explain the photosynthesis (light 

dependent and light independent part), know 

external factors that might influence the 

photosynthesis   

France: knows cells breathing and 

photosynthesis 

The Netherlands: overlap with attainment 

targets 

Estonia: main 

processes of 

metabolism; the process 

of photosynthesis, its 

importance and 

relations with 

respiration 

Cyprus: 

photosynthesis as the 

means of absorbing 

energy by autotrophs; 

respiration 

Norway: explain the 

main characteristics of 

photosynthesis and cell 

breathing 

France: breathing and 

using of the habitat 

The Netherlands: 

interaction between 

plants, animals and 

their environment; 

photosynthesis 
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Topics and possible 

research questions 

Comments Subjects Relevance for secondary and school Relevance for basic 

school 

B3: Relations between 

trophic levels in an 

ecosystem 

R5: How is related the 

biomass/number of 

organisms on different 

trophic levels? 

A topic for applying 

simulations/models for testing 

hypotheses derived from real 

experiments (in a lake or aquarium) 

or theory. 

Integrates 

biology 

mathematics 

(calculation) 

Estonia: structure of ecosystems and 

relations between components of ecosystems; 

student associates the structure of ecosystems 

with the trophic relations in these; relations 

between main trophic levels of food chain 

(producers, consumers, decomposers); 

student composes and analyzes schematic 

diagrams and concept maps about the trophic 

relations in ecosystems; rule of ecological 

pyramid; student solves tasks about the rule 

of ecological pyramid 

Cyprus: ecological pyramids, biomass; 

trophic chains; trophic webs; energy flow and 

cycles of matter in ecosystems 

Norway: conduct biotop analysis (based on 

field work) with regards to biotic or abiotic 

factors and evaluate the results based on 

knowledge of how an ecosystem is built up. 

Give example on how populations grow and 

decline, energy flow, environmental 

resistance, circular flow of matter, density 

dependent and density independent factors, 

inter and intra specific competition.      

France: heterotrophy and autotrophy; knows 

trophic levels and relations in ecosystems 

The Netherlands: overlap with attainment 

targets 

Estonia: pyramid of 

biomass; calculating the 

number of organisms 

on different trophic 

levels; student solves 

tasks about the pyramid 

of biomass 

Cyprus: energy flow 

and cycles of matter in 

ecosystems; trophic 

chains; trophic webs 

Norway: elaborate on 

which biotic and abiotic 

factors are part of an 

ecosystem and explain 

the relationship 

between the factors 

France: the topic is not 

covered at the age from 

13 to 15 but is handled 

before that 

The Netherlands: 

overlap with attainment 

targets 
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Topics and possible 

research questions 

Comments Subjects Relevance for secondary and school Relevance for basic 

school 

P1: Propagation (and 

refraction) of light 

R6: What influence has 

light on the 

size/distribution of the 

plant populations? 

Topic is important for relating the 

depth of the lake/river and different 

ecological factors (population size of 

plants and due to this all other factors 

in the system). Refraction can be 

discussed as a side theme appearing 

in making experiments in aquarium. 

The intensity of light can be 

measured with mobile devices but 

also when changing the bulbs in use 

(bulbs with different spectrum). The 

time for expression of light can be 

also varied. 

Simulation can be applied here. 

Integrates 

physics with 

biology (energy 

source for 

photosynthesis) 

Estonia: intensity of electromagnetic waves, 

the law of refraction 

Cyprus: propagation and intensity of light 

Norway: Reflection, refraction, colour 

dispersion,  interference, wave and particle 

models for lights and experiments supporting 

these models 

France: light propagation in transparent 

material, index of a medium 

The Netherlands: overlap with attainment 

targets 

Estonia: propagation of 

light in straight line; the 

pattern of light 

refraction 

Cyprus: propagation, 

refraction, and 

reflection of light 

Norway: experiment 

with how the eyes 

function and with the 

reflection and refraction 

of light, and give 

examples of their 

technological uses ;  

France: light; knows 

that light travels in a 

straight line; knows that 

light travels through 

transparent medium 

The Netherlands: light 

(different types of 

radiation); movement 

of light rays; reflection 
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Topics and possible 

research questions 

Comments Subjects Relevance for secondary and school Relevance for basic 

school 

C1: the concept of pH 

and the changes of pH 

R7: What influence has 

environment (soil, 

factories, acid rain) on 

the pH of the water? 

R8: How changes the 

diversity of species in 

an aquatic ecosystem 

due to changes of pH? 

pH is an important ecological factor 

that has strong influence on 

ecosystems. On the other hand, it is 

very easy to measure pH either with 

mobile devices or classical chemical 

reactions. In the context of the 

mission, pH of the aquarium should 

be kept in balance before planting the 

aquarium or bringing the animals 

into it. 

It also possible to experiment with 

species that like/dislike acid/alkine 

environment and to study the 

influence of environment (soil, 

factories, acid rain) on pH of water. 

Integrates 

chemistry with 

biology (pH as 

an abiotic 

ecological 

factor) 

Estonia: strong and weak acids/alkalis, 

concentration of H
+
 ions in water solutions, 

characterizing acidity/alkalinity of solution 

by pH 

Cyprus: acidity of water, acids, bases, the 

concept of pH, pH indicators 

Norway: the concept of pH, calculation of 

pH in acid and base,  pH measurements, 

dissolution and precipitation, ion product, 

acid-base reaction.   

France: acid-base reaction 

The Netherlands: overlap with attainment 

targets 

Estonia: neutralization 

reaction, pH scale in 

evaluating the 

acidity/alkalinity of 

solutions 

Cyprus: not in the 

basic school 

Norway: carry out 

experiments to classify 

acidic and alkaline 

substances 

France: knows pH 

The Netherlands: 

acidity and alkalinity 
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4.4.7 Misconceptions and knowledge gaps 

4.4.7.1 Topic B1: The influence of nutrients on primary production. 

The thesis of R. Westra, Learning and teaching ecosystem behaviour in secondary 

education (2008) provides an overview of the most common misconceptions encountered in 

ecology education. Below are a few quotes from this thesis and the references therein. 

ñFor students, the ontological status of an ecosystem is that it is concrete and real, where as 

for scientists it is conceptual constructed. So, students tend to óreificateô the ecosystem 

(Jelemenská, 2006): they define it by space and boundaries, making it a concrete unit of 

nature.ò 

ñMany students hold holistic views, with a strong emphasis on equilibrium and the balance of 

nature (Sander, 2002). [é] Many students hold the idea that in an ecosystem there are checks 

and balances that maintain a ónatural equilibriumô.ò 

ñIn their reasoning about ecosystems, students tend to consider the components in the 

ecosystem in isolation (Ben-Zvi Assaraf & Orion, 2004). Only the direct effects of a change 

tend to be recognized, while domino-like effects along a food chain, feedback mechanisms 

and reciprocal effects are poorly recognized (Grotzer & Bell-Basca, 2003; Stafford, n.d.).ò 

ñIn the traditional approach to ecology teaching, dependencies between populations are 

represented through ófood websô, energy flux schemes and cycles of matter. Arrows are used 

to represent the relations. Although these formats convey the idea of a network, these static 

representations do not seem to contribute much to studentsô insights into the dynamic 

interdependencies of populations in the web (Hogan, 2000).ò 

ñIn a food web, it appears to be difficult to find qualitative effects further than one link from 

the link that has been changed (Barman et al., 1995; Hogan, 2000; Webb & Boltt, 1990).ò 

ñWhen a link in a food chain is removed, students are more likely to trace effects up through 

the trophic levels to predators than down to producers (Leach et al., 1996).ò 
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4.4.7.2 Topic B2: The role of light in ecosystems 

Misconceptions about light 

Many studentsô misconceptions about light have been identified in the literature. These 

include the nature of light (its form and characteristics - electromagnetic radiation (energy), in 

constant motion, with a given speed), the interaction between light and objects (its behaviour 

ï that light is reflected or bounces off objects) and the functioning of the eyes (human eyes 

detect reflected light and our ability to see objects depends on the reflection of light): 

 

The nature of light 

-    Guesne (1981) distinguished two different misconceptions. First, many children equate 

light with its source, its effects or a condition. Second, although some children view light as 

present in the space between a source and an object, they do not necessarily think of it as 

being in motion. 

-    Anderson and Karrqvist (1982) research supported this finding they emphasises that only a 

very small minority of the students they questioned make use of a conception of light as being 

something physical that exists in space apart from its sources and its effects. 

-    Light travelling in beams, rays or waves (ñmost children thought about the beachò) 

appeared to give rise to confusion in children (Pine, Messer & John, 2001) 

-    The Earth gets heat from the sun (Fries-Gaither, 2008) (and not that the light from the sun 

that is reflected or absorbed by objects on the earth). 

-    Most 10-11 year olds and come 13-14 year olds considered light to be connected with its 

source or the effect produced. Light was not seen to exist between the two but òin the bulbò or 

òon the spot on the wallò (Guesne, Sere & Tiberghien (1983).  

-    Some children considered that light does not travel at all. Other felt that the distance 

travelled by light varied from a few millimetres to an infinite distance (Stead & Osborne, 

1980). 

-    Most children decided that the distance travelled by light depended upon whether it was 

day or night (Stead & Osborne, 1980). 

-    Many students felt that light is only present if observable effects are witnessed, e.g., a spot 

of light on a wall (Stead & Osborne, 1980). 

http://estuaries.gov/pdf/energyflow.pdf
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-    The distance light travels is dependent upon its energy (Fetherstonhaugh, Happs & 

Treagust, 1987) 

-         Light is associated only with a source and/or its instantaneous effects. Light is not 

considered to exist independently in space. Light is not conceived as moving from one point 

to another with a finite speed (Hapkiewicz, 1992). 

 

The interaction between light and objects 

-         The Moon is not a source of light (Pine, Messer & John, 2001) (the moon is a 

secondary source of light since it reflects the sunôs light and does not generate its own). 

-         Shadows can occur between sun and object (Pine, Messer & John, 2001) (A shadow is 

an area where direct from a light source cannot reach due to obstruction by an object). 

-         Most children (11-14 year olds) thought that after light strikes a blank sheet of paper or 

a mirror, the light remained on those surfaces (Guesne et al, 1983). 

-         Many children believed that light does not exist if not obviously perceived as a source 

of reflection. 13-14 year olds will talk about reflection in terms of a mirror but not for an 

illuminated sheet of white paper) (Guesne et al, 1983). 

-         Most students did not accept the model of light as involving propagation in all 

directions with light travelling an infinite distance (Karrquist & Anderson, 1983) 

-         The nature of light can vary according to the environment (Eaton, Harding & 

Anderson, 1985) 

-         Shiny objects reflect more light than dull objects (Eaton et al., 1985) 

-         Light would stay on the mirror or travel at a variable distance (Fetherstonhaugh, et al., 

1987). 

-         Light is not necessarily conserved.  It may disappear or be intensified (Hapkiewicz, 

1992). 

-         Light is reflected away from shiny surfaces, but light is not reflected from other 

surfaces (Hapkiewicz, 1992). 

-         Light always passes straight through transparent material (without changing 

direction), (Hapkiewicz, 1992). 

Dispersion of light 

-         Most students viewed colour as a property of objects, not of light reflected by those 

objects (Anderson & Smith, 1986). 

 

The functioning of the eyes 

-         The act of seeing is not itself seen to require that the light travel directly to a personôs 

eye. The light is considered as remaining local to the scene, a ópoolô of light, with the 

observer as a detached óon-lookerô from a distance (Andersson & Karrqvist, 1982)  

-         Most students believed that their eyes perceived objects directly rather than detaching 

light reflected by those objects (Anderson & Smith, 1986) 
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Misconceptions about photosynthesis and respiration 

Photosynthesis 

-         A widespread misconception states that leaves reflect all green light and do not use 

green light in photosynthesis. Leaves often absorb more than 50% of the green light and use it 

efficiently in photosynthesis. The origin of this misconception is probably the chlorophyll 

absorption spectrum in textbooks. The chlorophyll absorption spectrum is a graph of light 

absorption versus light colour. It shows that chlorophyll absorbs much red and blue light but 

little green light. However, accessory pigments absorb green light and pass that energy on to 

chlorophyll. 

-         Students may think that cellular respiration occurs only at night. A common student 

misconception is that plants photosynthesize during the day and conduct cellular respiration 

only at night. Some teaching literature even states this. Cellular respiration occurs 

continuously in plants, not just at night. 

-         The ñdark reactionsò of photosynthesis are a misnomer that often leads students to 

believe that photosynthetic carbon fixation occurs at night. It is preferable to use the term 

ñCalvin cycleò instead of dark reactions. 

-         Bubble formation on leaves submerged in water is not always caused by 

photosynthesis. If the water is cold, bubbles form on leaves as the water warms and gases 

become less soluble. 

-         The aquatic plant Elodea is often used to visualize gas formation in photosynthesis. The 

gas produced is not pure oxygen, as often claimed. As photosynthetic oxygen dissolves, some 

of the nitrogen comes out of solution. 

-         Teaching publications sometimes state that all plants are photosynthetic. Although they 

constitute less than 1% of plant species, a few hundred parasitic species lack chlorophyll, 

including the worldôs largest flower, Rafflesia arnoldii. 

 

Oversimplifications 

Oversimplification is prevalent at the precollege level. Many misconceptions involve 

oversimplification of concepts, particularly at the precollege level. Such an ñextreme of 

simplificationò in plant teaching is not new.  

The following summary equation for plant photosynthesis is an oversimplification that 

contains several misconceptions: 

http://books.google.com/books?id=IryMtwHHngIC&pg=PA1416&dq=term-light+wavelengths+intitle:physics&lr=&as_brr=3&ei=kBN9StSIHZ3YkQTOr_ihCg#v=onepage&q=&f=false
http://books.google.com/books?id=IryMtwHHngIC&pg=PA1416&dq=term-light+wavelengths+intitle:physics&lr=&as_brr=3&ei=kBN9StSIHZ3YkQTOr_ihCg#v=onepage&q=&f=false
http://books.google.com/books?id=IryMtwHHngIC&pg=PA1416&dq=term-light+wavelengths+intitle:physics&lr=&as_brr=3&ei=kBN9StSIHZ3YkQTOr_ihCg#v=onepage&q=&f=false
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   Sunlight, chlorophyll 

                   6 CO2 + 6 H2O ðððððððððððð-> 6 O2 + C6H12O6 (glucose) 

 

The explanation of photosynthesis is a particularly good example. Chlorophyll alone is 

insufficient for plant photosynthesis. Many other enzymes and organic compounds are 

required. ñChloroplastsò is a better requirement. 

Glucose is not the major photosynthetic product. There is virtually no free glucose produced 

in photosynthesis. The most common product is starch or sucrose, and students often test 

leaves for starch. Starch is approximated as (C6H10O5)n, where n is in the thousands. 

The six water molecules consumed per glucose molecule generated underestimates the water 

required. Much larger amounts are transpired to keep the stomata open. Without open 

stomata, photosynthesis is limited by lack of carbon dioxide. Submerged aquatic plants 

require large amounts of water for their aquatic environment. 

Drawing a single arrow wrongly implies that photosynthesis occurs in one step. Many small 

arrows should be used. 

Some of the energy captured in the light reactions of photosynthesis is used in the chloroplast 

to synthesize fatty acids and proteins. Thus, there are other types of ñphotosynthesis.ò 

The biology teaching literature contains much information on photosynthesis, yet it often has 

minimal discussion of mineral nutrient uptake by plants. To counter this problem, ñmineral 

nutrientsò should be added to the equation. Most essential mineral nutrients play a role in 

photosynthesis. 

Taking these misconceptions into account gives the following summary equation for 

photosynthetic carbon fixation in plants: 

 

                                              chloroplasts, light, mineral nutrients 

                      H2O + CO2 ð>ð>ð>ð>ð>ð>ð>ð>ð>ð> O2 + (C6H10O5)n [starch] 

                                    water for transpiration or an aquatic environment 

 

Respiration  

-         Confusion between respiration and the process of breathing 

-         Photosynthesis and ñinverse respirationò 

-         Misconception about the changes in breathing frequency and tidal volume 

(physiological variables whose changes can be directly sensed) that result in increased minute 

ventilation. 

-          Misconception about the relationship between arterial oxygen partial pressure and 

haemoglobin saturation. 

-         Students believed that increasing alveolar oxygen partial pressure leads to a decrease in 

alveolar carbon dioxide partial pressure. 

-         Misconception about the relationship between metabolism and ventilation. 
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Cellular respiration 

-         Students believe plants get food from soil. 

-         Students believe sunlight, carbon dioxide, water, and minerals (fertilizers) are food. 

-         Students believe plants breath in carbon dioxide and drink water 

-         Students believe food is anything that goes into the organism including minerals, water, 

carbon dioxide, and sun (for plants). 
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4.4.7.3 Topic B3: Relations between trophic levels in an ecosystem. 

Decomposers 

Students do not have any image of decomposers and face difficulty in integrating them into 

the trophic structure of ecosystems. Ecological pyramids do not include decomposers, while 

all references to trophic levels are built on a narrative sequence which starts from producers 

and ends up in consumers of highest order, without taking into account decomposers. A new 

figure is proposed, which depicts the percentage of energy lost and the percentage of energy 

which passes through each trophic level to the next. 

  

Food chains and food webs 

The dominant representation of trophic relations in ecosystems is the food chain. Students 

frequently perceive each link of the chain as a separate species. This enables them to discuss 

disturbance as break in the chain, where a link (i.e., species is lost). Learners attribute this 

break in the food chain almost exclusively to human intervention and negative effects of 

human actions on ecosystems. Students often do regress to this dominant food-chain 

metaphor even after educational interventions targeted at introducing the food-web structure. 

A way to enrich studentsô representations of trophic relations is to discuss seasonal 

differentiation of the feeding sources of various species. 

  

Food chains and food webs 

http://www.actionbioscience.org/education/hershey.html
http://www.aare.edu.au/05pap/boo05099.pdf


DVIII.II   SCY 

106 of 206 

Although students can provide examples of food chains, which sometimes can be quite 

extensive, they are unable to discuss food webs that relate two or more trophic levels. A 

model of a predator and two prey populations can be introduced in this case, which will 

highlight that a predator can choose its prey on the basis of its population density and 

consume at any time the most abundant species of prey. 

   

Energy flow 

Students often do not differentiate between linear flow of energy and cycling of matter. 

Energy is introduced in ecosystems through the process of photosynthesis and degrades as it 

moves from one trophic level to the next. However, matter is cycled. The first process, 

namely, energy flow, should be discussed on the basis of the two fundamental laws of 

thermodynamics, while cycling of matter is based on the crucial contribution of decomposers. 

    

Predator-prey interactions 

Prey-predator relationships are frequently misperceived as interspecific competitive 

relationships. These two types of species interactions should be differentiated on the basis of 

their influence on the demographics populations engaged (e.g., birth and death rates). 

Whereas prey-predator relationships involve positive influences on the demographics of 

predator populations and negative influence on the demographics of predator populations, 

interspecific competition has a negative effect on the populations of both competitors. 

   

Mutualistic relationships 

Students frequently discuss species interactions in terms of competitive interrelations. A 

model to introduce symbiosis is the relationship between the clone fish and the anemone 

(used as the basis of the scenario of the movie Nemo). Clown fish live in a mutual symbiotic 

relationship with certain anemones. This means that both species benefit from their 

coexistence. Clown fish do not get stung by the tentacles of the sea anemone. They have a 

slimy mucus covering that protects them from the sea anemone. Clown fish eat the leftovers 

from fish on the anemone and algae, which include copepods, isopods and zooplankton. The 

clown fish cleans away fish and algae leftovers from the anemone. In addition, the sea 

anemones are given better water circulation because the clownfish fan their fins while 

swimming about. 

4.4.7.4 Topic C1: The concept of pH and the changes of pH. 

 pH and pH indicator 

As pH increases, acids become harmless and bases are not harmful. (1*) 

Different pH solutions have different colours. (1*) 

As the value of pH increases, acidity increases. (1*) 

Strong acids have a higher pH than do weak acids. (2*) 

pH is a measure of acidity but not of basicity. (2*) 

Bases do not contain hydrogen. (3*) 

Students have difficulties with understanding the processes in solutions of different pH on the 

microscopic level. (7*) 
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Indicators help with neutralization. (1*) 

While bases turn blue litmus paper into red, acids turn red litmus paper into blue. (1*) 

 

Water hardness 

Frequent misconception about scale being composed of calcium (instead of calcium salts). 

(7*) 

 

Solubility 

If a substance dissolves it is a chemical, if it doesnôt it is not a chemical. (4*) 

Stirring enhances the amount of the dissolved solute. (4*) 

Students have difficulties with distinguishing between solubility as the maximum quantity of 

solute that dissolves in a certain quantity of solvent and solubility as the process of 

dissolution. (7*) 

   

Electrolytic dissociation 

A strong acid doesnôt dissociate in water solution, because its intra-molecular bonds are very 

strong. (1*) 

Frequent misconception about eating calcium. Students have difficulties with identifying and 

distinguishing between atoms and ions. (7*)  

Salts donôt have a pH value. (1*). All salts are neutral. (1*) 

Because a salt contains neither hydrogen nor a hydroxyl group, its solution cannot contain 

hydronium nor hydroxide ions. (2*) 

   

Neutralization reaction 

In all neutralization reactions, acid and base consume each other completely. (1*) 

At the end of all neutralization reactions, there are neither H+ nor OH- ions in the resulting 

solutions. (1*) 

Conjugate acidïbase pairs consist of positively and negatively charged ions, which can 

somehow neutralize each other. (5*) 

   

Chemical equilibrium 

The rate of forward reaction increases with time from mixing reactants until equilibrium is 

established. (3*) 

There is a simple arithmetic relationship between the concentrations of reactants and products 

such as [reactants]=[products] at equilibrium. (3*) 

Forward reaction must be completed before reverse reaction starts. (3*) 

Students have difficulties with understanding the fact that when the products of a reaction are 

removed from the system then the equilibrium of the reaction shifts towards the formation of 

these products. (7*) 
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