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1 EXECUTIVE SUMMARY  

This report delivers the validation of the Inspiring Science Education inquiry cycle and problem-solving 
approach and the use of eLearning tools on teachersô practices and studentsô cognition, as well as the 
increase of their motivation and the formation of problem-solving skills. Figure 1 gives a summary of the 
evaluation objectives. It expresses the design of the evaluation strategy and the different variables that 
are being looked at. The ISE approach acknowledges the need for science teachers to bestow their 
students with the knowledge and ability to engage in the inquiry but also with an understanding of inquiry 
and of how inquiry results in scientific knowledge. 

 

Figure 1. Evaluation objectives. 

 
In chapter two we discuss the inquiry phases in the ISE Model and the steps that need to be mastered 
during the demonstrators through the problem-solving questions. So it gives some of the basic definitions 
in the ISE project. Then it focuses on the time that is spent within each demonstrator indicating the ñtime-
on-taskò, which is associated with learning time. As well, it examines the differences between different 
countries with the regards of time on task. The results of the class-profile for all demonstrators together 
are presented, then for every demonstrator per country. The calculation was by considering the lowest 
level answer per phase for the completed answers. The outcome calculation was in line with science 
education research based on classroom observations or using sophisticated problem-solving assessment 
tools (Scherer & Tiemann 2014; Scherer, Koppelt & Tiemann, 2014; Bjºrkmann & Tiemann 2012). They 
can be seen as a contribution to the validity of the problem-solving assessment procedure used in the ISE 
approach. The description of the frequency of levels of proficiency (n = 5950) of different demonstrators 
from the ISE dashboard is included. 
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In chapter three the efficiency of the pre-post questionnaires for teachers and students are reported. Both 
were asked about their understanding of the nature of science (NoS) before and after working on an ISE 
activity. To expect results by an ISE intervention, only participants of a demonstrator with at least five 
school lessons duration carry out a pre-post questionnaire to assess the influence of the ISE approach on 
affective constructs like interest and motivation as well as on the participantsô knowledge about the NOS.  
Also, the significance of the results of the effect of the ISE approach on NoS and motivation and interest 
in science is presented. At the end of this chapter an additional case study is presented, which has a 
specific look on some of the ISE Demonstrators. They focus on studentsô learning processes as well as 
affective factors and cover different scientific contexts. 
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2 PROBLEM SOLVING QUESTIONS (PSQ) 

ISE is supporting teachers to organize and sequence inquiry-oriented and technology-enhanced learning 
experiences for their students. One of the ways ISE attempted to approach this, is by giving an 
Instructional Design process for educators to assist them in planning their teaching sequences. However, 
ISE does not perceive learning by an inquiry as following specific step-by-step instructions in a linear 
sequence of activities, but rather as experiencing events that blend and merge.  It furthermore 
encourages the widespread view that inquiry is a flexible pedagogy that allows teachers to tailor their 
approaches to the aspired learning outcomes and appropriate conditions of various classroom contexts. 
These training consequences vary according to the age of the students, profoundly structured, and more 
open-ended inquiries both have their place in science classes.   
 
ISEôs instructional model of IBSE combines five learning activities (Phases):  

- ñOrienting & Asking questionò, in this inquiry, the student focuses on answering a question, on 
investigating a controversial dilemma, and solving problems. Teachers may introduce this 
interrogation to the classroom and support it with narratives, videos, or animations. So finally the 
students should ask questions, discuss the issues involved and take notes of their ideas.   

- In ñHypothesis Generation & Designò, students express hypotheses based on their prior 
experience, the notes they have made and the structure of the question, as assumed relations 
within measurable dependent and independent variables. It is difficult for students to make proper 
assumptions on their resources. This learning activity, therefore, necessitates appropriate support 
(de Jong & van Joolingen, 1998). Rules for generating hypotheses could serve this stage as 
resources.  

- ñPlanning & Investigationò, clearly formulated hypotheses facilitate planning the work process. 
Planning includes determining the order of activities and intermediate goals, which tools and data 
to use, a clear timeline, and how these activities are divided among the participants. 

- ñAnalysis & Interpretationò, collected data will be analyzed and interpreted. Data analysis and 
processing tools have to be used at this stage. Teachers should support the learners in the case 
of difficulties. Sometimes they do not know where to start with searches in the data. Teachers may 
help students to process the data by helping them organize the data collected and interpret them 
by identifying key issues. When solving problems, solutions found by experts can also be 
examined, and compared with studentsô solutions for the same problem. For investigation of 
controversial cases, different perspectives on approaching the situation should be analyzed, and 
the value of various information sources should be evaluated. These processes may generate 
new questions for further inquiry. 

- ñConclusion & Evaluationò, arriving at findings in the process of investigation can mean achieving 
consensus about a solution to a problem, producing a common artifact, or synthesizing views to 
come to a mutual decision. The evaluation process can be facilitated by presenting conclusions to 
a broader audience, as this allows for replication and endorsement of the presented results. 

These are the steps that need to be mastered during passing from a presented situation to an actual goal 
to develop problem-solving competency. ISE defines problem-solving competence as it is defined in 
PISA: ñProblem solving competency is an individualôs capacity to engage in cognitive processing to 
understand and resolve problem situations where a method of solution is not immediately apparent. It 
includes the willingness to engage with such solutions to achieve oneôs potential as a constructive and 
reflective citizen.ò (OECD 2013, p. 123). 
 
Since PISA 2012 and consequently ISE concentrate more especially on the cognitive methods needed to 
solve real world problems. All of the phases except the ñConclusion & Evaluationò are tested in the ISE 
environments through Problem Solving Question (PSQ). In the ISE environment, two individual problem-
solving questions should be created at the end of the corresponding inquiry phases. These different 
problem-solving questions must be multiple-choice (single-select), and with three possible answers, all 
correct with different levels. These levels of proficiency are divided into a high, moderate, and low level. 
Students proficient at high-level can develop complete, coherent mental models of different situations, 
and find an answer through target exploration and a methodical execution of multi-step plans. Based on 
PISA results, the estimated difficulty of this level is that an average of about 10% of the students should 
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be able to answer it correctly. At the moderate level students can control moderately complex devices, 
but not always efficiently, handle multiple conditions or inter-related features by controlling the variables. 
About 45% of the students should be able to answer the questions on a moderate level. Moreover, at the 
low-level students can only answer if a single, particular constraint has to be taken into account, only 
partially describe the behavior of a simple, everyday topic, and around 45% of the students should be 
able to answer on this level.  
 
In general, there are 96 demonstrators, which are the learning scenarios with problem solving questions, 
within this project. This chapter will have a look at the time that is spent within each demonstrator by the 
students. The time spent within each demonstrator indicates the time on task, which is associated with 
ñrealò learning time. Furthermore, it will be investigated if there are any differences between different 
countries concerning time on task. 
 
Table (1) shows the total number of demonstrators, runs, countries, run average duration, the total 
number of the participants and the number of students that actually completed the demonstrator.  
 

Total numbers of demonstrators 96 

Total runs 528 

Countries 14 

Run avg. duration 1:20:21 (hour:min:sec) 

Students participated: 11.058 

Students completed PSQ 7.726 (69.9%) 

Table 1.  Sample characteristics 

Out of 96 demonstrators in 14 countries with total 11058 participants, only 26 demonstrators in 7 
countries have 100 participants in its total runs. Table (2) shows the demonstrators which have more than 
100 participants in each country. 
 

Country  Demonstrator (No. of runs) Run average duration 
in (hour:min:sec) 

Croatia  Arhimedov zakon (5) 00:47:41 

Eratosthenes Experiment_Elementary_School (36) 01:13:29 

Greece  LIGO and the Quest for Gravitational Waves (5) 01:06:12 

Eratosthenes Experiment_Elementary_School (22) 01:05:01 

F1 in Schools (1) 01:10:55 

F1 in Schools Challenge ï Tackling the STEM shortage 
at top speed (English V.2) (19) 

01:52:44 

F1 in Schools Initiative - (English V.3) (12) 01:28:3 

To ŮəəɟŮɛɏɠ Űɞɡ ūɞɡəɩ Ⱥ' ȹɖɛɞŰɘəɞɨ (15) 00:08:34 

Let's Accelerate Particles Greek (7) 01:07:52 

HYPATIA Demonstrator (23) 01:34:11 

ɇŬ ɛɞŰɑɓŬ əŬɘ ɞɘ Ŭɟɘɗɛɞɑ Űɞɡ Fibonacci (13) 00:19:40 

http://tools.inspiringscience.eu/delivery/view/index.html?delivery=edff4132&id=73006504&t=t&uname=A
http://ise.iasa.gr/countries?did=215&cid=Bulgaria
http://ise.iasa.gr/countries?did=215&cid=Bulgaria


 

 Inspiring Science Education  

 

Validation Report and 
Recommendations 

 Page 11 of 90 

15/09/2016 v.1.8   
 

ɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊ ɛŮ ɢɟɐůɖ ȺəˊŬɘŭŮɡŰɘəɞɨ 
ɆŮɜŬɟɑɞɡ (13) 

00:08:58 
 

Foucault's pendulum (9) 02:02:14 

Ireland  Light: Reflection and Refraction (12) 03:26:14 

Toirt agus Mais (3) 00:30:53 

Italy  HOBOS- To Be(e) or not to Be(e) (5) 11:57:36 

Guess my Garden (5) 10:31:51 

Portugal A Lua e os Beb®s (25) 00:52:32 

A cor dos objetos (4) 01:29:43 

The Scale of the Universe (4) 3:35:38 

Light Pollution (7) 01:33:2 

Eratosthenes Experiment_Elementary_School (2) 00:37:50 

Romania Eratosthenes Experiment_Elementary_School (15) 00:22:50 

Following Curiosity on Mars (3) 00:21:18 

The Scale of the Universe (5) 00:06:48 

Urmandu-l pe Curiosity, pe Marte (6) 00:19:18 

United 
Kingdom 

Scales in the Universe (5) 00:47:39 

Star in a Box (6) 00:30:15 

The Multiwavelength Universe (5) 01:05:37 

The Scale of the Universe (4) 00:32:15 

Table 2. Time average per demonstrator per Country. 

From the last two tables, one can see that the runs, in general, have an average run-time of 1:20:21 
(hour: min: sec). However, ñHOBOS- To Be(e) or not to Be(e) (5)ñ demonstrator and  ñGuess my Garden 
(5)ò demonstrator from Italy are not included in the further time-on-task analysis, since their time average 
(around 11 hours) is totally different than the others average. This difference appeared in the above table. 
 
2.1 Time-on-Task  
Time on task is very important to consider in educational research. It is a relevant variable, which is 
correlated to studentsô learning and achievement (Hattie et al., 2012). Time on task is defined as the total 
time that students spend engaging in a task that is related to outcome measures of learning or 
achievement (Berliner et al., 1991). In this case time on task refers to the time that is spent within the 
demonstrator. Based on the ñtime-on-taskò paradigm, which is a simple but powerful framework to explain 
students` achievements it may be possible to draw conclusions about the effectiveness of the ISE 
approach. However, this paradigm does not only represent the time students spent on learning, but it also 
represents an academic commitment. The students show academic behavior, they observe phenomena, 
draw conclusions, write reports or reflect on scientific questions. The ñtime-on-taskò value indicates a 
change in their attitude and behavior and is one of the most important factors influencing academic 
achievement (Greenwood, Horton & Utley, 2002; Marks 2000; Slavin 2003). Therefore, first insights in 
these constructs are possible by measuring the time of use of these resources. This chapter shows the 
average time on task for all demonstrators; the analysis was done for demonstrator per phases and 
country per phases. 
The ISE environment offers the educators the facility to view the assessment results of their students, 
both individually and as a whole. Out of this result, the next analysis was done for several runs of different 
demonstrators in various countries. As it was settled before in table (2) here, only 25 demonstrators in 
seven countries will be discussed in more detail because they have more than 100 participants in their 
total runs. 

http://ise.iasa.gr/countries?did=268&cid=Ireland
http://ise.iasa.gr/countries?did=978&cid=Portugal
http://ise.iasa.gr/countries?did=1515&cid=Portugal
http://ise.iasa.gr/countries?did=1015&cid=Portugal
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The chart in figure (2) is an example of the ISE statistics dashboard output for the average time spent per 
phase of a demonstrator. This data chart was collected for the demonstrator òLight: Reflection and 
Refractionò as an example. The chart gives a first overview of the average time spent by all students in all 
the 15 runs (actual) for this demonstrator and compares it with the average time needed by all the 
demonstrators in all countries (project-wide). A paired-samples t-test was conducted to compare the 
actual duration of the demonstrator and project-wide time. The t-test result showed that there is a 
significant difference in actual duration and the project-wide with t = 0,017 (p û 0.05). 

 

Figure 2.  Example: The average time spent per phase in ñLight: Reflection and Refractionò 
demonstrator compared to the overall average time per phase 

All of the data for our sample are collected from the dashboard and master file, respectively, and 
presented in Appendix I.   
 

2.1.1 Time-on-Task per demonstrator per phases 

Here we collect all the data in the dashboard charts according to the phases per demonstrator from all 
countries. Figure (3) presents the time duration taken by all countries with minimum 100 Participant per 
demonstrator. This paradigm does not only represent the time students spent on learning, but it also 
represents an academic commitment. It shows the academic behavior of the student in ñOrienting & 
Asking questionsò in different demonstrators.  
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Figure 3. Average time duration in óôOrienting & Asking Questionsôô phase for all Demonstrators 

 
The diagram illustrates the following: 
 

¶ An average of about 20 minutes is needed for all students in all demonstrators to carry out the 
ñOrienting & Asking questionsò task in the classroom, which is less than the project-wide time (30 
min).  

¶ There is only two demonstrator fitted with the project-wide learning time.  

¶ There are five demonstrators, which were done in less than five minutes which is unrealistic.  

¶ There are three demonstrators were the average time is around 50 minutes, which is two times 
higher than the project-wide time. 

 
Figure (4) presents the average time duration taken on ñHypothesis Generation & Designò phase by all 
seven countries in the 25 demonstrators. 
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Figure 4. Average time duration in óô Hypothesis Generation & Designôô phase for all 
demonstrators. 

 
 
The diagram illustrates the following aspects of resource based inquiry: 
 

¶ The students need an average time of 15 minutes to carry out the ñHypothesis Generation & 
Designò task in the classroom, which is the same project-wide time required for this task (15 min). 

¶ There are six demonstrators finished approximately on the project-wide learning time. 

¶ Seven demonstrators were taking less than five minutes which is unrealistic. 

¶ There are four demonstrators which have an average time around 20 minutes, which is around 
five minutes higher than the project-wide time. 

 
Figure (5) shows the average time needed to finish the ñPlanning & Investigationò phase per demonstrator 
for all countries. 
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Figure 5. Average time duration in óô Planning & Investigationôô phase for all Demonstrators. 

One can see in the last diagram that: 
 

¶ The students need about 25 minutes to complete this step, which is almost like the project-wide 
time (23 min). 

¶ Most of the demonstrators were on time. 

¶ Seven demonstrators take only 5 minutes to finish, which is unrealistic. 

¶ There are four demonstrators taking an average time of around 60 minutes, which is around four 
times the project-wide time. 

 
Figure (6) presents the average time duration needed to finish the ñAnalysis & Interpretationò phase by all 
seven countries in the 25 demonstrators.  
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Figure 6. Average time duration in óô Analysis & Interpretationôô phase for all Demonstrators. 

The diagram illustrates the following: 

¶ In average, the students needed around 12 minutes to complete this phase, which is just one 
minute from the projects-wide time (13 min). 

¶ Four demonstrators were on time. 

¶ The same seven demonstrators as in the last phases took less than five minutes to finish, which 
is unrealistic. 

¶ There are two demonstrators were it takes around 60 minutes to complete this step, which is 
extremely high in comparison to the other demonstrators. 

Figure (7) shows the diagram for the average needed to finish the ñConclusion & Evaluationò phase. 
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Figure 7. Average time duration in ñConclusion & Evaluation phaseò for all Demonstrators. 

The chart indicates that: 

¶ In average, the students needed around 13 minutes to complete this phase, which is more the 
project-wide time (7 min). 

¶ Five demonstrators take almost seven minutes. 

¶ Most of the demonstrators taking few minutes to finish this stage. 

¶ There are two demonstrators who took around 30 minutes, and one demonstrator took more than 
two hours, which is extremely higher than the time needed to complete that phase. 

 
It is evident that in five demonstrators the students are not logged in during the complete duration of a 
learning scenario since a duration of only some minutes is very unrealistic. So these demonstrators will 
be removed from the subsequent analysis. These demonstrators are (ñɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊ ɛŮ 
ɢɟɐůɖ ȺəˊŬɘŭŮɡŰɘəɞɨ ɆŮɜŬɟɑɞɡò, ñTo ŮəəɟŮɛɏɠ Űɞɡ ūɞɡəɩ Ⱥ' ȹɖɛɞŰɘəɞɨò, ñɇŬ ɛɞŰɑɓŬ əŬɘ ɞɘ Ŭɟɘɗɛɞɑ Űɞɡ 
Fibonacciò, ñThe River of lifeò and ñɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜɎɟŰɖůɖɠ ŰɛɖɛŬŰɘəɎò). 
 

2.1.2  Time-on-Task per country per phases 

Analysing the time-on-task per country, an interesting effect could be observed. This analysis describes 
the statistic situation in the countries as observed in the ISE dashboard. 
 
Figure (8) represents the time students spent on the ñOrienting & Asking questionò per country. It is 
obvious that the data of Ireland must include some special circumstances. 
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Figure 8. Average time duration in ñOrienting & Asking questionò phase per country. 

¶ In average, the student takes about 27 minutes to complete this phase, which is nearly the same 
project-wide time (30 min). 

¶ Ireland took more than 1 hour to finish that task. 

¶ Romania needs less than five minutes to complete this phase which is not realistic. 

¶ The rest of the countries are almost on time. 
 
Figure (9) shows the time needed by the students to finish ñHypothesis Generation & Designò per country.  
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Figure 9. Average time duration in ñHypothesis Generation & Designò phase per country. 

It illustrates that: 
 

¶ The students take around 15 minutes to accomplish this phase, which is nearly the same project-
wide time. 

¶ Romania needs less than five minutes to complete the task. 

¶ Ireland needs more than 45 minutes to complete this task  

¶ The rest of the countries were almost on time. 
 
Figure (10) presents the time needed by students to finish ñPlanning & Investigationò phase per country 
and it shows that:  
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Figure 10. Average time duration in ñPlanning & Investigationò phase per country. 

 

¶ The students take around 17 minutes to accomplish this phase, which is less than the project-
wide time 23 minutes.  

¶ Romania needs five minutes to complete the task.  

¶ In Ireland, the students spent more than 30 minutes to complete this task. 
 
Figure (11) is the duration of the ñAnalysis & Interpretationò phase to be finished per country. It illustrates 
that: 
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Figure 11. Average time duration in ñAnalysis & Interpretationò phase per country. 

 

¶ The students in common need around 12 minutes to accomplish this phase instead of 13 
minutes.  

¶ Romania needs less than five minutes to complete the task.  

¶ The students in Ireland and Portugal needs more than 20 minutes to complete this task. 
 
Figure (12) shows the time needed to complete ñConclusion & Evaluationò phase per country where it is 
clear that: 
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Figure 12. Average time duration in ñConclusion & Evaluationò phase per country. 

 

¶ The students take 9 minutes in average to finish this stage, which agrees on the project-wide time 
(7 min). 

¶ Romania and Ireland needed more than 20 minutes to finish that task. 

¶ The rest of the countries were almost on time. 
 
Now this data will be compared and discussed by preparing a diagram of the complete data analysis to 
get a conclusion. 

2.1.3 Comparisons 

This data was extracted for 25 demonstrators that have more than 100 students as participants for each 
demonstrator (total number of 5950 participants) from all countries. The last data analysis shows that in 
some demonstrators the students are not logged in during the complete duration of a learning scenario 
with a length of only some minutes which is unrealistic. So this demonstrator less than 20 minutes 
duration will be removed from the next comparison which are (ñɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊ ɛŮ ɢɟɐůɖ 
ȺəˊŬɘŭŮɡŰɘəɞɨ ɆŮɜŬɟɑɞɡò, ñTo ŮəəɟŮɛɏɠ Űɞɡ ūɞɡəɩ Ⱥ' ȹɖɛɞŰɘəɞɨò, ñɇŬ ɛɞŰɑɓŬ əŬɘ ɞɘ Ŭɟɘɗɛɞɑ Űɞɡ 
Fibonacciò, ñThe River of lifeò and ñɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜɎɟŰɖůɖɠ ŰɛɖɛŬŰɘəɎò). Figure (13) is 
representing the total time needed for demonstrators per country, a threshold defined of around 20 
minutes and ignored all demonstrators under the threshold. Finally, 20 demonstrators are lifted for 
comparisons. 
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Figure 13. Average time duration in all phases per Demonstrators. 

So, a significant difference t-test was calculated between actual time and the project-wide time per phase 
for 19 demonstrators in all countries. The degree of freedom was 18 for all of them. The calculated P-
values (p û 0,05 is 0.049 for ñOrienting & Asking questionò, 0.64 for ñHypothesis Generation & Designò, 
0.52 for ñPlanning & Investigationò, 0.92 for ñAnalysis & Interpretationò, and 0.99 for ñConclusion & 
Evaluationò. This indicates that most of the students spent the project-wide time collecting information and 
asking questions.  Which indicates that most of the students needs significantly more or less time than 
the project-wide time which is the same average time of the run duration for all the demonstrator. 
 
For data sorted by Ireland has very long and extensive demonstrators, which takes more than two hours; 
while in Romania the students did not log in during the classroom time but only later to solve the 
problem-solving questions, and discuss the conclusions. From figure (14) in 5 countries after removing 
Ireland from the statistics, one can see that the students required less time in total than few minutes. 
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Figure 14. Average time duration in all phases per country. 

 
There are only three demonstrators which are operating in more than one country with an average 
number of participants over 100: 
 

¶ óôEratosthenes experiment for elementary schoolsôô was used in Croatia, Greece, Romania 
and Portugal,  

¶ óôThe scale of the Universeôô demonstrator in Romania, Portugal, and the United Kingdom, and  
 
Figure (15) presents the time-on-task rate of ñEratosthenes Experimentò at elementary schools in the 
different countries. It expresses that even for a small age range at primary level, significant differences 
are observable. On a descriptive level, e.g. Croatia and Greece spend more time on planning and 
carrying out the investigation than Romania and Portugal. On the other hand, Portugal put much effort in 
the clarification of the task (phase 1) and the conclusions (phase 5).   
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Figure 15.Eratosthenes Experiment demonstrator for elementary school in the different countries. 

 

2.1.4 Recommendation 1 

The performance of students is effectively influenced by their ñrealò learning time, a well-established 
knowledge in pedagogy and an objective of most classroom management approaches. ISE teacher is 
supported by the given pedagogical framework to organize effectively - and with all the given materials, 
examples or ideas very stimulating ï learning environments. 
Recommendation 1: Follow the path of ISE to teach science and mathematics with stimulating eLearning 
tools within the supporting pedagogical structure of an inquiry learning approach. The material is sensitive 
to fit the special needs of different countries and different levels of learning experiences.  
 
 
 
2.2 Class Profile 
This chapter presents the Class-Profile for all demonstrators together, then for each demonstrator per 
country. The Class-Profile was calculated by considering the lowest level answer per phase for the 
completed answers. For example, if a student in the ñOrienting & Asking questionò solves the two 
problem-solving questions and gets one answer on a high level and one answer on a low level, then his 
final Class-Profile will be on the low level in the orienting & ask phase. Moreover, if the studentôs answers 
were high and moderate, then his class profile will be moderate. By this procedure underestimate the real 
performance and will minimize the mistake for interpretations. Further on the final percentages per class 
were calculated and presented in the dashboard as diagram shown in figure (16) for all the inquiry phases 
and for all demonstrators in all countries. All the Class-Profiles were extracted for all the demonstrators 
per phase per country; the original data is cited in Appendix II. Here the data is classified per phase and 
per country and later will be compared with the estimated difficulty of this levels in ISE concepts. On an 
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empirical perspective, the problem-solving questions should be designed in a way that only 10% of the 
students answer on a high level, 45% on a moderate level and 45 % on a low level. 

 

Figure 16. The average values high, moderate and low performer per phase of all demonstrators. 

 

2.2.1 Class-profile per demonstrator 

The distribution of low, moderate and high performers in different phases of a problem-solving 
competence is expressed in the ñclass profileò per demonstrators (fig. 17-20). The data of 25 
demonstrators with a total of 374 runs and 5950 students is reported. 
  
ñOrienting & Asking questionò per demonstrators: 
 

¶ Average number high-level:  20,1 %. 

¶ Average number moderate-level 34,5%. 

¶ Average number low-level 45,4%. 
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Figure 17. High, moderate and low performer for ñOrienting & Asking questionò per 
demonstrators. 

 
ñHypothesis Generation & Designò per demonstrators: 
 

¶ The average number of the students who answered the high-level is  25,9%. 

¶ The average number of the students who answered the moderate-level is 35,8%. 

¶ The average number of the students who answered the low-level is 38,2%. 
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Figure 18. High, moderate and low performer for ñHypothesis Generation & Designò per 
demonstrators. 

In the ñPlanning & Investigationò per demonstrators: 
 

¶ The average number of the students who answered the High-level is 30,4 %. 

¶ The average number of the students who answered the Moderate-level is  29,4%. 

¶ The average number of the students who answered the Low-level is 40,1%. 
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Figure 19. High, moderate and low performer for ñPlanning & Investigation ñper demonstrators. 

 
In the Analysis & Interpretation per demonstrators: 
 

¶ The average number of the students who answered the High-level is 26,5 %. 

¶ The average number of the students who answered the Moderate-level is  32,1%. 

¶ The average number of the students who answered the Low-level is 41,4%. 
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Figure 20. High, moderate and low performer for ñAnalysis & Interpretationò per demonstrators. 

 
 
By the analysis of the class-profile per demonstrator, it can be seen that however, the most 
demonstrators are complex, the students have better results than the mean of OECD. It indicates 
students have better partial skills in ñPlanning & Investigationò and in ñAnalysis & interpretationò. 
Moreover, they need more training and more information in ñOrienting & Asking questionsò to understand 
the problems. That mean the ISE approach has a positive effect in their science lessons. 
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2.2.2 Class-profile per Country 

The distribution of low, moderate and high performers in different phases of a problem-solving 
competence is expressed in the ñclass profileò (figures 20 to 23) per country with at least 100 students 
attending the demonstrators.  
 
 ñOrienting & Asking questionò per country: 
 

¶ Average number high-level: 23.9%. 

¶ Average number moderate-level: 32.4%. 

¶ Average number low-level 43.7%. 
 

 

Figure 21. High, moderate and low performer for ñOrienting & Asking questionò per country. 

ñHypothesis Generation & Designò per country: 
 

¶ The average number of the students who answered the high-level is  24.7%. 

¶ The average number of the students who answered the moderate-level is 37.6%. 

¶ The average number of the students who answered the low-level is 37.7% 
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Figure 22. High, moderate and low performer for ñHypothesis Generation & Designò per country. 

 
In the ñPlanning & Investigation ñper country: 
 

¶ The average number of the students who answered the High-level is 34.7%. 

¶ The average number of the students who answered the Moderate-level is  30%. 

¶ The average number of the students who answered the Low-level is 35.3% 
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Figure 233. High, moderate and low performer for ñPlanning & Investigationò per country. 

In the ñAnalysis & Interpretationò per country: 
 

¶ The average number of the students who answered the High-level is 27,4%. 

¶ The average number of the students who answered the Moderate-level is  33.9%. 

¶ The average number of the students who answered the Low-level is 38.8%. 
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Figure 24. High, moderate and low performer for ñAnalysis & Interpretationò per country. 

 
By the analysis of class-profile per country, it can be seen that the students have difficulties to understand 
the problem, but they have good skills in ñPlanning and Investigationò and normal skills in ñHypothesis 
Generation & Designò and ñ Analysis & Interpretation.ò It also seems that the students in Italy and 
Portugal have more difficulties in the problem-solving skills than the students in other countries. The 
students in Ireland have better skills to solve the problem-solving questions than the other countries.  

 

2.2.3 Comparisons 

Here is a comparison between the proficiency for the class-profile for the demonstrators, as it is 
presented in Table (3). It is obvious that the class-profile is almost like the expected on of the complete 
ISE sample (high around 10%, moderate 45%, and low 45%).   

 

Phase High (%) Moderate (%) Low 
(%) 

Orienting & Asking Questions 19,9 36,1 44,0 
Hypothesis Generation & Design 27,3 34,2 38,5 
Planning & Investigation 29,3 29,3 41,5 
Analysis & Interpretation 27,7 31,3 41,4 

Table 3. Average levels of proficiency for the class-profile per phases for all demonstrators. 
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Demonstrator High 
(%) 

Moderate (%) Low 
(%) 

Eratosthenes Experiment_Elementary_School (91) 26,3 30,8 43,0 

A Lua e os Beb®s (27)  11,3 39,7 49,0 

A cor dos objetos (4) 27,5 30,7 41,9 

Arhimedov zakon (5) 40,5 32,9 26,6 

ɇŬ ɛɞŰɑɓŬ əŬɘ ɞɘ Ŭɟɘɗɛɞɑ Űɞɡ Fibonacci (14) 29,7 32,1 38,1 

F1 in Schools (1) 33,1 30,2 36,6 

F1 in Schools Challenge ï Tackling the STEM shortage at 
top speed  (19) 

17,9 32,5 49,7 

F1 in Schools Initiative (12) 6,2 22,4 71,4 

Following Curiosity on Mars (4) 22,9 38,0 39,1 

Foucault's pendulum (12)  22,8 26,4 50,8 

HYPATIA Demonstrator (24) 23,1 32,8 44,1 

LIGO and the Quest for Gravitational Waves (5) 12,9 34,3 52,8 

Let's Accelerate Particles Greek (7) 22,3 37,6 40,1 

Light : Reflection and Refraction (15) 20,8 39,7 39,5 

Light Pollution (13) 23,5 29,7 46,9 

Scales in the Universe (5) 33,2 32,5 34,3 

Solar Eclipse Junior HS (6) 28,6 25,6 45,8 

star in a Box (11) 23,2 37,5 39,3 

The Multiwavelength Universe (6) 31,7 33,2 35,1 

The River of Life (7) 9,0 34,5 56,5 

The Scale of the Universe (16) 21,8 35,8 42,4 

To ŮəəɟŮɛɏɠ Űɞɡ ūɞɡəɩ Ⱥ' ȹɖɛɞŰɘəɞɨ (17) 11,5 29,4 59,1 

Toirt agus Mais (3) 69,1 4,8 26,2 

ɆŮɜɎɟɘɞ : Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜɎɟŰɖůɖɠ ŰɛɖɛŬŰɘəɎ (7) 41,9 51,2 6,9 

ɆŮɜɎɟɘɞ: Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊ ɛŮ ɢɟɐůɖ ȺəˊŬɘŭŮɡŰɘəɞɨ 
ɆŮɜŬɟɑɞɡ (23) 

27,0 45,7 27,3 

AVERAGE 25,5 32,8 41,7 

Table 4. Average levels of proficiency for the class-profile per demonstrators. 

 
 

Country High (%) Moderate (%) Low (%) 

Croatia  34,7 28,6 36,7 

Finland 25,5 36,7 37,9 

Greece  24,1 33,9 42,1 

Italy  19,7 33,5 46,8 

Portugal  19,0 35,6 45,4 

Ireland  40,3 27,2 32,5 

Romania  29,8 35,9 34,4 

United 
kingdom 

28,5 36,3 35,3 

Table 5. Average levels of proficiency for the class-profile per country. 
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Table 3 indicates a big difference within the class-profile for different demonstrators. For example, for the 
demonstrator ñF1 in Schools Initiativeò, it can be seen that 71 % of the students answer on a low level, 
and only 6 % on a high level, whereas in the ñToirt aquis Maisò demonstrator approximately  70 % of the 
students answer on a high level. Not surprising, the demonstrators express a wide variety of learning 
offers on different performing levels.  
 
When comparing this to the suggested levels of 10 % for high achieving students and 40 % for the 
moderate and low level than it can be seen that only very few demonstrators match this level of difficulties 
for their problem-solving questions (e. g. ñA Lua e os Babesò). Consequently, it is actually very hard to 
relate back from the class profile to the student abilities. Since the problem-solving questions are all 
different and have different item difficulties, comparisons are hardly possible. They function as ñindicatorsò 
for problem-solving competence, not as instruments of science education research. So ensure good 
measurements with regards to problem-solving an explicit training for the teachers could be a possibility.   

 

2.2.4 Recommendation 2 

The demonstrators foster different aspects of problem-solving skills and generate specific profiles. Based 
on the projects proposal, no statement about causal relationships could be made.  
Recommendation: A more theoretical driven design of learning scenarios, especially for the use of tools 
and materials instead of an increasing number of examples would direct the path more to a situation-
specific application of ISE. 

 

2.3 Levels of Proficiency 
The ISE project has simplified the proficiency into three levels of high, moderate and low performance. 
The results are presented as the percentage of the total number of replies. The level of each response is 
added for every problem-solving question in the four phases and is then divided by the number of 
questions which are eight questions. Then the percentage is calculated. The example of the average of 
High, moderate and low levels of proficiency calculation is presented in figure (25) compared with OECD 
Average. The results are either compared with the average of all replies in the ISE project, or with the 
PISA standard which will be discussed in later chapter. The original data used in this chapter is presented 
in Appendix III. Now this data will be sorted by demonstrators for every phase and per country which has 
at least more than 100 students attending. 
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.Figure 25.The frequency of high, moderate and low levels of proficiency (%). 

 

2.3.1 Levels of Proficiency per demonstrator 

The distribution of low, moderate and high performers in different phases of the level of proficiency is 
expressed in the figures (26) per demonstrator. As it was mentioned before the demonstrators were 

chosen that at least 100 students attend it from all countries. Finally, we left with 28 demonstrators with 

374 runs with 5950 students who completed the Problem-solving questions. The figure (26) shows that 

around 26% of the students show a high-level answer, 33% a moderate level and around 41% a low 

level.  
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Figure 26. Levels of proficiency for 28 demonstrators. 
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2.3.2 Levels of proficiency per country 

 

Figure 27. Levels of proficiency per country. 

 

The same conditions were applied to the country since here only countries with only 100 students or more 
were considered, this makes finally eight countries left for these statistics (fig. 27). Here the distribution of 
low, moderate and high performers on average is expressed in figure (26) per country. As we can see 
around 48% of the students get the high-level answer, 29% are in the moderate level and around 23% in 
the low level. 

2.3.3 Comparisons 

On average students (n= 5950) in a sample of different demonstrators perform better than the mean of 
the OEDC samples. This could indicate that most ISE activities and materials are on the studentsô skills 
level, and consequently ñteachò students adequately. For the four ISE inquiry phases in all demonstrators, 
the average number of the students who answered on a high-level is (26%), this percentage is more than 
the PISA percentage average (10%). The average of the moderate-level answer is (33 %), this 
percentage is less than the PISA percentage average (45%). The low-level percentage answer is (41 %) 
less than the expected (45%) as well. On the other hand the comparison between the countries found 
that Italy and Portugal have good results, however not the expected results, then Greece, Finland, UK, 
Romania and Croatia.    
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2.3.4 Recommendation 3 

The outcome or success of the interaction between a teacher, learning materials or science exhibitions 
and someone willing to learn something out of this offers is determined by the right fit: not too difficult, but 
also not to easy. The learner must ñstretchò his knowledge, leaving his ñcomfort zoneò a bit to learn 
something new.  The results indicate, that the teacher in ISE could design more demanding scenarios. 
 
Recommendation 3: The ISE approach offers the possibilities to integrate complex and demanding 
contents in science classrooms. The portfolio of ISE scenarios should be completed by more stretching 
ones.  
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3 EFFICIENCY  

 
The effectiveness of a retrospective pre-post type of evaluation was used to evaluate the efficiency of a 
continuing education program designed for adults or students involved in the teaching or learning 
development (Davis, 2002). Pre-Post testing is a useful method for measuring the ñadded valueò by the 
program of the study. 
 
In the ISE project, the pre-questionnaire is used to ask about the knowledge of ñNature of Science.ò The 
post-questionnaire and the interviews are used to estimate the effectiveness of the used scenario for the 
students to learn about the inquiry circle, to be motivated for using eLearning tools and for their ability to 
use eLearning tools. 

 

3.1 Teacher 
Based on an ISE consortium decision, the general questionnaires for teachers are not an integrated part 
of the ISE activity eLearning environment, but placed on a google folder (Appendix IV). This ñchange of 
accessò causes probably the very low response rate.  
 
The pre questionnaire consists of seven-item presented in nine questions to estimate the 
teachersóknowledge about the NOS (Lederman & O'Malley, 1990). The post questionnaire consists of 
three parts, the first four questions asking about the effect of the scenarios and eLearning on the 
studentsô learning and motivation. The second nine questions to evaluate studentsô motivation and 
interest in science. The last two questions asking about the ISE approach on science lessons and 
problem-solving approach. 
 
The questionnaires assess constructs in a pre/post design and must be linked to background data, so 
they have individual codes for tracking, consisting of the first three letters of their first name, and month 
and year of their birth.  
 
Using a 7-item in 9 questions pre questionnaire with (n=192) teachers from Greece Finland, Croatia, Italy, 
and Germany, where there responces are available on the google drive and the responces from Italy and 
Greece are received later  per email. the teachers were asked about their knowledge about ñNature of 
Scienceò  before using the learning scenario with their students through the following NOS aspect: 
Empirical NOS, The scientific Method, General structure and aim of experiments, Validity of 
observationally based theories and disciplines and Logic of testingò 
 
The data was collected and calculated based on a 4-point scale, with 4 being ñI strongly agree,ò 3 being ñI 
agree,ò 2 being ñI disagreeò and 1 being ñI strongly disagree.ò 
 
The results should only be carefully interpreted; for more general statements and a maintainable 
generalization ought to be validated with a larger sample. Nevertheless, the results at hand show a 
tendency of the usersô assessment. 
 
The following results are split according to the questions. 
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a- 

 

b- 

 
c- 

 

d- 

 
e- 

 

f- 

 

g- h- 

19% 

48% 

27% 

6% 

1.1 Science deals with using an exact method. That way 
we know, we have the right answer.  

I strongly agree I agree I disagree I strongly disagree

29% 

60% 

10% 

1% 

1.2 Science has a particular method of going about things, 
the "scientific method". 

I strongly agree I agree I disagree I strongly disagree

27% 

54% 

15% 

4% 

1.3 An experiment is a sequence of steps performed to 

prove a proposed theory.  

I strongly agree I agree I disagree I strongly disagree

20% 

32% 

42% 

6% 

1.4 An experiment cannot prove a theory or a 
hypothesis. It just discredits or adds validity to them.  

I strongly agree I agree I disagree I strongly disagree

21% 

62% 

15% 
2% 

1.5 An experiment is a controlled way to test and 
manipulate the objects of interest while keeping all other 
factors the same 

I strongly agree I agree I disagree I strongly disagree

16% 

47% 

33% 

4% 

1.6Science would not exist without scientific procedure 
which is solely based on experiments. . . . The 
development of knowledge can only be attained through 
precise experiments. Do you agree/disagree? 

I strongly agree I agree I disagree I strongly disagree
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i- 

 

 

Figures (a: i) 28. Results of teachersô pre-questionnaire. 

 
After the learning activity the teacher was asked to complete the learning motivation post-questionnaire 
by using the same codes for tracking, consisting of the first three letters of their first name, and month and 
year of their birth. This questionnaire contains three parts. The first four questions were about the effect of 
the used scenario on learning and motivation. The second part was on the class in general and the third 
on the effect of the ISE project on the teaching practice. Appendix V shows the questionnaire. 
 
The following results are split according to the questions. 
 
 
 

9% 

53% 

33% 

5% 

мΦт 9ȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ƴƻǘ ŀƭǿŀȅǎ ŎǊǳŎƛŀƭΦ 5ŀǊǿƛƴΩǎ ǘƘŜƻǊȅ 
of evolution cannot be directly tested experimentally. 
Yet, because of observed data it has become virtually the 
lynchpin of modern biology 

I strongly agree I agree I disagree I strongly disagree

14% 

75% 

10% 

1% 

1.8 Most theories consists of elements we cannot 
observe. So, we deduce consequences from them that 
could be tested. This indirect evidence allows us to see if 
the theory is valid 

I strongly agree I agree I disagree I strongly disagree

23% 

64% 

12% 

1% 

1.9 Science is concerned with facts. We use observed 
facts to prove that theories are true 

I strongly agree I agree I disagree I strongly disagree
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a- 

 

b- 

 
c- 

 

d- 

 
e- 

 

f- 

 

45% 

54% 

1% 0% 

1.1 How do you estimate the effect of the used 
ǎŎŜƴŀǊƛƻόǎύ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ ǘƘŜ ƛƴǉǳƛǊȅ ŎƛǊŎƭŜ 

very positive positive negative very negative

56% 
43% 

1% 0% 

1.2 Iƻǿ Řƻ ȅƻǳ ŜǎǘƛƳŀǘŜ ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ƳƻǘƛǾŀǘƛƻƴ ǘƻ 
use eLearning tools generally? 

 

very positive positive negative very negative

41% 

58% 

1% 0% 

1.3 Iƻǿ Řƻ ȅƻǳ ŜǎǘƛƳŀǘŜ ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ƳƻǘƛǾŀǘƛƻƴ ǘƻ 
use the recently used scenario? 
Mark only one oval. 

 

very positive positive negative very negative

29% 

68% 

3% 0% 

1.4 Iƻǿ Řƻ ȅƻǳ ŜǎǘƛƳŀǘŜ ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǳǎŜ 
the recently used scenario? 

 

very positive positive negative very negative

12% 

70% 

18% 

0% 

2.1 Your students enjoy reading about science 

I strongly agree I agree I disagree I strongly disagree

11% 

63% 

25% 

1% 

2.2 Your students think, that making an effort in science 
is worth it because it will help them in the work that they 
want to do later on 

I strongly agree I agree I disagree I strongly disagree
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g- 

 

h- 

 

i- 

 

j- 

 

k- 

 

l- 

 

9% 

71% 

19% 

1% 

2.3 They look forward to their science lessons 

I strongly agree I agree I disagree I strongly disagree

11% 

65% 

24% 

0% 

2.4 They do science because they enjoy it.  

I strongly agree I agree I disagree I strongly disagree

16% 

72% 

11% 
1% 

2.5 Learning science is worthwhile for them because it 
will improve their career prospects 

I strongly agree I agree

I disagree I strongly disagree

18% 

75% 

7% 
0% 

2.6 They are interested in the things they learn in science 

I strongly agree I agree I disagree I strongly disagree

16% 

64% 

19% 

1% 

2.7 Science is an important subject for them because 
they need it for what they want to study later on 

I strongly agree I agree I disagree I strongly disagree

12% 

65% 

22% 

1% 

2.8 They will learn many things in science that will help 
them get a job 

I strongly agree I agree I disagree I strongly disagree
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m- 

 

n- 

 

o- 

 

p- 

 

Figures (a : P) 29. Results of the post-questionnaire for evaluating the teacher's answers. 

3.1.1 Nature of Science (NOS) 

As can be seen from figures (a : I 28) the measuring of teacherôs perceptions of NOS For the Scientific 
Method aspect indicates that about 70% of the participants believes that ñscience deals with using an 
exact methodò, However there is no one method of doing science, In developing their methods, scientists 
use imagination and creativity And about 79% of the participants believed that ñscience has a particular 
method of going about things, the "scientific method." 
 
For the General structure and aim of experiments aspect, it can be seen that about 76% of the 
participants noted that óôan experiment is a sequence of steps performed to prove a proposed theoryôô. 
Nonetheless, 66% of the participants supposed that ñan experiment cannot prove a theory or a 
hypothesis.ò, and 76% of the participants seem to believe that ñan experiment is a controlled way to test 
and manipulate the objects of interest while keeping all other factors the same.ò 
 
For the Validity of observationally based theories and disciplines aspect, about 66 % of the participants 
supposed that ñExperiments are not always crucial. Darwinôs theory of evolution cannot be directly 
tested experimentally. Because of observed data, it has become virtually the lynchpin of modern 
biologyò, Also, 69% of the participants believed that ñScience would not exist without scientific procedure 
which is solely based on experiments. The development of knowledge can only be attained through 
precise experiments.ò 

4% 

64% 

31% 

1% 

2.9 How do you generally estimate your class concerning 
ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǎƻƭǾŜ ǎŎƛŜƴǘƛŦƛŎ ǇǊƻōƭŜƳǎΚ 

 

I strongly agree I agree I disagree I strongly disagree

6% 

66% 

27% 

1% 

2.10 How do you generally estimate your class...given 
your personal teaching experience: How do you 
ƎŜƴŜǊŀƭƭȅ ŜǎǘƛƳŀǘŜ ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ƭŜǾŜƭ ƻŦ ŀŎƘƛŜǾŜƳŜƴǘ ƛƴ 
science? 

 

I strongly agree I agree

I disagree I strongly disagree

36% 

61% 

3% 0% 

3.1 How do you estimate the effect the recently used 
scenario has on the use of eLearning tools in your 
science lessons? 

 

very positive positive negative very negative

33% 

60% 

7% 0% 

3.2 How do you estimate the effect the recently used 
scenario has on your way of teaching the problem 
solving approach? 

 

very positive positive negative very negative



 

 Inspiring Science Education  

 

Validation Report and 
Recommendations 

 Page 47 of 90 

15/09/2016 v.1.8   
 

For the Logic of testing aspect, it can be seen that about 76% believed that ñmost theories consist of 
elements we cannot observe. So, we deduce consequences from them that could be tested. This indirect 
evidence allows us to see if the theory is validò.  Besides that, 77% of participants believed that ñScience 
is concerned with facts. We use observed facts to prove that theories are trueò which support the 
Empirical NOS. 
 
Overall it could be summarized that the teachers have a quite elaborated knowledge about the idea of 
NOS, but they are in need for more explicit training about the experimental and theoretical correlations in 
NOS.   
 

3.1.2 Effect of the used scenarios 

After running the scenarios the teachers were asked via post questionnaire about the effect of the used 
scenario(s) on the studentsô learning and motivation in the first four questions. Almost all the participating 
teachers indicate that the ISE scenarios have a positive or highly positive effect on the students learning 
within the inquiry circle. They report that the studentsô are motivated to use eLearning tools in general, 
as well as the ISE scenarios, and in addition the students have the ability to use the scenarios 
adequately. 
 

3.1.3 Studentsô Motivation and Interest in Science 

By the analysis of the second nine questions in the post-questionnaire, the teachers observed that about 
74% of the students is enjoying reading about science, and they do science because they enjoy it. 71% 
of them think that making an effort in science is worth because it will help them in the work that they 
want to do later on, in addition they believe that science is an important subject for them because they 
need it for what they want to study later on. Besides that, they mentioned that about 76% of the 
students see that learning science is worthwhile for them because it will improve their career prospects. 
Moreover, 68%have high ability to solve scientific problems.  
 

About 72% of the students want to learn many things in science that will help them get a job, the same 
percentage are looking forward to their science lessons, and they have a high-level achievement in 
science. 
 
Of course the influence of social desirability must be taken into account for these data, as also the fact that 
ï like the teachers ï also the students are high probably a positive sample selection.  

3.1.4 Effect of the ISE project 

Furthermore from the last two questions responses, all the teachers mentioned that they used scenarios 
to have a positive effect on the use of eLearning tools in their science lessons, in addition to the 
recently used scenarios they have a positive effect on their ways of teaching the problem-solving 
approach. 
 
Also, the teachers were asked for an interview after using the ISE approach; this interview includes the 
questions at Appendix VII. The interviews for four teachers showed that: 
 

¶ The teacher's experience in science teaching is more than eight years, and every teacher ran at 
least seven demonstrators. 

¶ They proposed that the eLearning tools have a positive effect on studentsô motivation and make 
learning fun.  

¶ The teachers supposed that the ISE scenarios empowered the inquiry circle with their students. 

¶ As well as the technology supported the learning approaches they are very useful tools to plan, 
implement and promote STEAM learning. 

¶ The ISE materials are easy to use even if someone has no academic background in the topics 

¶ Most of the ISE scenarios are very easy to be applied in schools. 
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3.1.5 Recommendation 4 

The total number of 192 teachers have answered the questionnaires completely; no general 
recommendation could be given. However, together with the statements from single interviews the 
positive impression about the ISE approach seems to be more than an effect of social desirability. 
 
Recommendation: The ISE approach obviously describes a successful way to mainstream teaching 
science and mathematics with eLearning tools. However, also together with the very few teacher 
interviews arise an impression about a positive effect.    

 

3.2  Students 
To expect any effect on NoS only for learning scenarios with a duration of at least five lessons, the 
students are asked in a pre/post design. The aim is to assess the influence of the ISE approach on 
affective constructs like interest and motivation (questions 1.1: 1.8) as well as on their knowledge about 
the NOS (questions 2.1: 2:9). (Appendix VI) 
 
The questionnaires assess concepts in a pre/post design and are linked to the studentôs background.  
They have individual codes for tracking, consisting of the first three letters of their first name, and month 
and year of their birth.  
 
The pre-post questionnaires consist of 17- items per questionnaire (pre and post), which were identical. In 
Table (6) the percentages of the students answering on the different categories (I strongly agree ï I 
strongly disagree) are reported. The first 8 items of the questionnaire are about the interest and 
motivation and the other 9 items focus on their knowledge about the NOS. 
 
Before the ISE lesson activities the students from Croatia, Italy, Greece, Finland, and Germany, with total 
students (N = 1846) were asked to fill in the questionnaire. Also, after the learning activities, the same 
students were asked to fill in the same questionnaire. Not all the students who participated in the pre-
questionnaire completed the post-questionnaire. So the number of students who participated in the post-
questionnaire was N = 1400. As well as not all students recorded their codes, it was not possible to track 
their responses to the pre and post results. Due to these reasons, and to have an effective analysis for all 
collected results, the mean analysis is used to compare values of pre-post results with (n=1846) in the 
pre-questionnaire and (n=1400) in post-questionnaire.  
 
Table (6) present the response rate (in %) of the students (N = 1846) in all five aspect answers in the pre-
questionnaire, while motivation and interest are determined through the questions 1.1 till 1.8 as well as 
their knowledge about the NOS in the questions 2.1- 2.9.  
 

Question 
number 

Scale I strongly 
agree 

I agree I disagree I strongly 
disagree 

I do not 
understand 
the question 

1.1 

M
o

ti
v
a

ti
o

n
 &

 

In
te

re
s
t 
in

 S
c
ie

n
c
e

 21,0% 59,2% 15,5% 4,2% 0,00% 

1.2 31,5% 43,6% 20,0% 4,9% 0,00% 

1.3 16,6% 49,5% 27,5% 6,5% 0,00% 

1.4 22,2% 46,4% 24,9% 6,6% 0,00% 

1.5 32,7% 48,6% 15,5% 3,2% 0,00% 

1.6 31,8% 54,2% 10,8% 3,2% 0,00% 

1.7 28,1% 36,5% 26,6% 8,8% 0,00% 

1.8 24,5% 49% 21,2% 5,3% 0,00% 

2.1 

N
a
tu

r

e
 o

f 

S
c
ie

n

c
e

 

(N
o

S

) 

24,6% 58,6% 13,0% 2,3% 1,5% 

2.2 25,7% 59,8% 11,1% 2,1% 1,5% 

2.3 40,6% 50,4% 6,2% 1,3% 1,5% 



 

 Inspiring Science Education  

 

Validation Report and 
Recommendations 

 Page 49 of 90 

15/09/2016 v.1.8   
 

Question 
number 

Scale I strongly 
agree 

I agree I disagree I strongly 
disagree 

I do not 
understand 
the question 

2.4 11,6% 34,4% 38,9% 13,5% 1,6% 

2.5 15,5% 62,2% 17,5% 3,5% 1,4% 

2.6 20,4% 47,5% 26,3% 4,5% 1,5% 

2.7 13,8% 53,5% 25,3% 5,8% 1,7% 

2.8 14,5% 66,8% 13,6% 3,5% 1,6% 

2.9 34,9% 51,8% 8,9% 2,9% 1,5% 

Table 6. The pre-questionnaire results of the students (N = 1846). 

 
 

The mean of the students was calculated for each question, by giving the point scale, with 4 being ñI 

strongly agree,ò 3 being ñI agree,ò 2 being ñI disagree,ò 1 being ñI strongly disagreeò and 0 being óI do not 
understand the question.ò 
 
For example, the first question asked about the enjoyment in reading science. The studentsô responses to 
this were as the following: (n=389) of the students strongly agreed to enjoy reading in science, while 
(n=1093) students agreed, (n=286) disagreed, and (n=78) strongly disagreed. By following the points 
scale by giving 4 points for strongly agreeing, 3 points for agreeing, 2 points for disagreeing, and 1 point 
for strongly disagreeing. The results were summed up and divided by the total number of students 
(n=1846). It was found that: mean = [(389*4) + (1093*2) + (286*2) + (78*1)] / 1846 = 2, 97. By following 
the same calculation, the mean for each question was calculated. 
 
The percentage of this mean became divided by 4 = (2, 97 / 4) %= 74, 25 %. 
 
Following this way of calculation of the mean average, the finding of the survey results is that about 79 % 
of the students are interested in scientific contents. Also, 77 % of the students have seen that ñlearning 
science is worthwhile for them because it will improve their career prospects.ò A percentage of 74% of the 
students enjoy reading about science. About 75% of them see that making an effort in science is worth it 
because it will help them in the work that they want to do later on. Also, 73 % of the students will learn 
many things in science that will help them get a job. 71% do science because they enjoy it, and the same 
percentage supposed that ñScience is an important subject for them because they need it for what they 
want to study later on.ò 69 % of the students are looking forward to their science lessons. 
 
As can be seen from the results, the measuring of studentsô perceptions of NOS viewed before using the 
ISE approach indicates that about 76% of the participants believe that ñscience deals with using an exact 
method.ò  67% of participants believe that ñscience has a particular method of going about things, the 
"scientific method." 82% of participants note that óôan experiment is a sequence of steps performed to 
prove a proposed theoryôô. Nonetheless, 60% of the participants suppose that ñan experiment cannot 
prove a theory or a hypothesis.ò 72% of the participants seem to believe that ñan experiment is a 
controlled way to test and manipulate the objects of interest while keeping all other factors the same.ò 
Also, 70% of the participants believe that ñexperiments are required for developing valid scientific claims 
noting that observation is not enough.ò However, 68 % of participants suppose that ñExperiments are not 
always crucial. Darwinôs theory of evolution cannot be directly tested experimentally. Because of 
observed data, it has become virtually the lynchpin of modern biologyò. 72% believe that ñmost theories 
consists of elements we cannot observe. So, we deduce consequences from them that could be tested. 
This indirect evidence allows us to see if the theory is validò.  Besides that, 79% of participants believe 
that ñScience is concerned with facts, we use observed facts to prove that theories are true.ò 
 
The following table (7) presents the response percentages of the students (N = 1400) in all five aspects 
answers in the post-questionnaire. 
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Questions 
number 

I strongly 
agree  

I agree I disagree I strongly 
disagree 

I do not 
understand 
the question 

1.1 28,6% 53,5% 14,4% 3,4% 0,0% 

1.2 30,7% 44,5% 20,3% 4,6% 0,0% 

1.3 21,3% 50,0% 24,0% 4,8% 0,0% 

1.4 24,2% 48,3% 21,5% 6,0% 0,0% 

1.5 32,1% 49,5% 14,5% 3,9% 0,0% 

1.6 32,6% 52,7% 12,0% 2,1% 0,0% 

1.7 28,2% 41,0% 24,2% 6,6% 0,0% 

1.8 24,3% 50,5% 20,1% 4,8% 0,0% 

2.1 26,2% 57,9% 11,6% 2,4% 1,9% 

2.2 26,1% 57,1% 11,8% 2,9% 2,1% 

2.3 36,0% 52,9% 7,0% 2,0% 2,1% 

2.4 15,0% 37,9% 35,7% 9,2% 2,1% 

2.5 19,1% 61,3% 14,4% 3,2% 2,0% 

2.6 18,9% 48,5% 26,4% 4,2% 2,0% 

2.7 17,3% 53,3% 21,1% 6,2% 2,1% 

2.8 18,6% 61,9% 14,2% 3,2% 2,0% 

2.9 31,7% 53,9% 8,4% 4,1% 1,9% 

      

Table 7. The post-questionnaire results of the students (N = 1400) 

 
The findings of the post-questionnaire results of N = 1400 students show that about 81 % are interested in 
the things in science. 80 % have seen that ñlearning science is worthwhile for them because it will improve 
their career prospects.ò  80 % of the students enjoy reading about science. About 80 % of them see that 
making an effort in science is worth it because it will help them in the work that they want to do later on. 
Also, 77 % of the students will learn many things in science that will help them get a job. 80% do science 
because they enjoy it, and 77% suppose that ñScience is an important subject for them because they need 
it for what they want to study later on.ò 77 % of the students are looking forward to their science lessons. 
 
As can be seen from the results that measure the studentsô perceptions of NOS about 78% of the 
participants believe that ñscience deals with using an exact method.ò Also, 78% of the participants 
believe that ñscience has a particular method of going about things, the "scientific method." As well as 
81% of the participants note that óôan experiment is a sequence of steps performed to prove a proposed 
theoryôô. Nonetheless, 70% of the participants suppose that ñan experiment cannot prove a theory or a 
hypothesis.ò 76% of the participants seem to believe that ñan experiment is a controlled way to test and 
manipulate the objects of interest while keeping all other factors the same.ò Also, 75% of the 
participants believed that ñexperiments are required for developing valid scientific claims noting that 
observation is not enough.ò However, 73 % of participants supposed that ñexperiments are not always 
crucial. Darwinôs theory of evolution cannot be directly tested experimentally. Because of observed 
data, it has become virtually the lynchpin of modern biologyò. 76% believed that ñmost theories consist 
of elements we cannot observe. So, we deduce consequences from them that could be tested. This 
indirect evidence allows us to see if the theory is validò.  Besides that, 78% of participants believed that 
ñScience is concerned with facts, we use observed facts to prove that theories are true.ò 
As can be seen in the Figures (30,31), there are differences in the responses to the pre and post 
questionnaire. There is a positive effect after using the ISE approach, significant for the scacles of interest 
and motivation and for NoS. 
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Figure 30. The mean difference between Pre and Post studentsô questionnaire. 
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Figure 31. Differences between pre and post results in percentage (%) 

 
 

3.2.1 Motivation and Interest 

By using point scale from (0=low to 4=high), as described before the following table shows the mean 
average of the first eight questions which asks about the studentsô motivation and Interest. 
 
 

Question number Pre-Mean (n=1846) Post-Mean (1400) 

1.1 2,97 3,18 

1.2 3,02 3,17 

1.3 2,76 3,07 

1.4 2,84 3,06 

1.5 3,14 3,21 

1.6 3,15 3,24 

1.7 2,84 3,09 

1.8 2,93 3,10 

Table 8. Studentsô mean average of the questions 1:8. 

A paired-samples t-test was conducted to compare the studentsô interest and motivation within the pre-
questionnaire results and post-questionnaire results. 
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MEAN 2,951 3,14 

VARIANCE 0,018 0,005 

OBSERVATIONS 8 8 

PEARSON CORRELATION 0,95  

HYPOTHESIZED MEAN 
DIFFERENCE 

0  

DF 7  

T STAT -7,33  

P(T<=T) TWO-TAIL 0,00016  

T CRITICAL TWO-TAIL 2,365  

Table 9. T-Test: Paired Two Sample for Means for data in Table 8. 

Regarding the studentsô motivation and interest, the t-test result shows that there is a significant 
difference between the results before using the ISE activity and after using it (p <.001). 

3.2.2 Nature of science 

The following table shows the studentsô mean average in the other nine questions of their knowledge 
about the nature of science before and after using the ISE demonstrator with maximum 4 points of mean 
value. 

Question number Pre-Mean Post-Mean 

2.1 3,02 3,13 

2.2 3,06 3,11 

2.3 3,27 3,23 

2.4 2,41 2,81 

2.5 2,87 3,03 

2.6 2,81 3,00 

2.7 2,72 2,92 

2.8 2,89 3,02 

2.9 3,15 3,13 

Table 10. Studentsô mean in the questions of their knowledge about the nature of science before 
and after using the ISE demonstrator. 

A paired-samples t-test was conducted to compare the studentsô knowledge about the nature of science 
within the pre- post questionnaire results. 

  PRE-MEANS AVERAGE POST-MEANS AVERAGE 

MEAN 2,912 3,047 

VARIANCE 0,066 0,016 

OBSERVATIONS 9 9 

PEARSON CORRELATION 0,987  

HYPOTHESIZED MEAN DIFFERENCE 0  

DF 8  

T STAT -3,031  

P(T<=T) TWO-TAIL 0,0163  

T CRITICAL TWO-TAIL 2,306   

Table 11. T-Test: Paired Two Sample for Means for data in Table 10. 

Regarding the studentsô knowledge about the nature of science, the t-test result showed that there is a 
significant difference in using the ISE activity before and after using it with t = 0,016 (p û 0,05). 
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3.2.3 Recommendation 5 

Scientific literacy is identified in many countries as one of the main objectives of science education in 
schools. As different the several theoretical framings are, they have in common to point out the 
importance of this construct for solving future problems of mankind. To be interested in and motivated for 
science is a predictor for scientific literacy as well as knowledge about the nature of science. Both are 
supported and positively influenced by the ISE approach.   
 
Recommendation: The way of ISE fostering basic aspects of science education should be continued and 
transferred to more specific domains. Anyway, research is need for more detailed recommendations.   
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3.3 Case study 
In deliverable D8.2 the case studies from the University of Bayreuth (UB) are reported. These were cased 
studies of the proposal. The case studies reported at this point in D8.3 follow the recommendation of the 
review report 2015, 26

th
 June. They are carried out and reported by Italy. 

5. Consider more flexible and collaborative modes of access to the educational 

materials. 

Scenarios should pay more explicit attention to how collaboration between students 

can be organized around the materials as well as alternatives to the linear paths 

presently available (students must finish one task before moving onto the next). 

Especially for discovery learning, demonstrators should clearly provide for student 

collaboration and facility of use of the educational resources. 

The case study give a detailed insight in the successful mechanism of the ISE approach. They are 
planned, carried out, analysed and reported by the partners. Instruments are modified to local conditions, 
so the results are not directly comparable.  
 
 

3.3.1 Guess my garden 

This case study is addressing recommendation five from the second review report of the ISE project. 
ITD-CNR has conducted a case study involving one demonstrator (already present on the ISE platform) 
and six teachers in the same school. We did concentrate on a single demonstrator within the same school 
to gather and compare evidence on the dependence of the results on the role of the teacher in the inquiry 
process. 
 
For this demonstrator, we did estimate in 8 classroom hours the time necessary to complete all tasks. It 
comprises both on-line and off-line activities. All demonstratorôs tasks involve either individual, small 
group and/or whole class written report that we have collected. We organized a 1-hour training session 
with the teacher before using the demonstrator in class and a semi-structured individual interview with the 
teachers at the end of the classroom activities. 
 
In addition, the students involved in the case study have filled-in a questionnaire on the Nature of Science 
twice; the first time before the classroom activities and the second after. The time lapse between the pre 
and post-test being of approximately 3 months. 
 
In this report we analyse the demonstrator inquiry activities against recommendation 5; report on 
preliminary analysis of the studentsô written reports and teacherôs interview. Finally, we present the results 
from the NOS questionnaire and the Problem Solving Questions from the demonstrator. 
 
The inquiry process in the Guess my Garden demonstrator 
Recommendation 5 can be unpacked in the following three lines of actions to improve the access to 
educational material in ISE: 

1. Demonstrators should provide for student collaboration and facility of use of the educational 
resources. 

2. Collaboration between students should be organized around the materials. 

3. Provide alternatives to the linear paths presently available (students must finish one task 
before moving onto the next). 

The ñGuess my Gardenò learning scenario in ISE
1 

includes a detailed guide on how to structure the 
activities, the tasks for the various actors involved, and reminder for the preferred teacher role in a given 
task. Table 1 summarizes the content of the teacher guidance in the scenario. Table 1 
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1   
http://bit.ly/ISE-GMG schematically reports a brief description of the actorsô tasks for each learning 

activity of the ISE inquiry model. 

Here we provide a summary analysis of how the 3 improvement actions of recommendation 5 
described above are addressed within the Guess my Garden demonstrators: 

1. Development of a guideline for teachers in terms of an annotated lesson plans explicating how 
the learning materials can be used in guided discovery learning context. Assumptions on 
teacher and learner roles are made explicit. In particular individual, small group and whole class 
activity are present in demonstrator. Individual activities coincide with homework requiring a 
written response in form of a small essay. Small group are the preferred setting for exploratory 
activities in conjunction with group discussion. Whole class activities are devoted to reflections 
and elaboration on the activities done in small groups and individually [see Table 1]. 

2. Small group are the preferred setting for exploratory activities in conjunction with group 
discussion. Small group allow for cooperation and collaboration on a task where all participants 
are involved. Group learning benefits from discussions among the group members related to the 
decisions to take in carrying out the activity. Exploration and experimenting benefit from 
discussion especially in deciding how to explore and what to do with the results deriving from 
the choices. [see Table 1 for description of tasks and role of small groups in Random walk & 
Guess my garden] 

3. Whole class activities are devoted to reflections and elaboration on the activities done in small 
groups and individually. Once evidence is collected it should be used within the context of 
scientific argumentation to assess and elucidate the class ñdiscoveryò. In our case the rule 
explaining the guess my garden game (i.e. simple probability derived from the sample space of 
a random generator). 

TASK Description of the task / roles of the actors involved 
 
 
 
 
 

Small talk (1 
hours) 

(Orienting & 
Asking 

Question): 

The first two phases of experiment involve reflective and practical activities aiming 
at exploration and consolidation of some key issues related to randomness (e.g. 
unpredictability, fairness, indeterminism, random walks, etc.). In the first phase 
pupils collect, propose, and analyse sentences, talks, and episodes related to 
randomness. Pupils write individual reports and discuss some of the emerging 
items with the rest of the class. Each considered item is discussed in terms of key 
questions such as ñis it random or not?ò, or ñis it predictable or notò. The results of 
the discussions are reported in a shared class document. 

Individual Whole Class Teacher 

Describe everyday 
situations involving 
randomness in a 
report 

 
Small talk about random, 
main results of discussions 
are reported in a shared 
class document. 

Introducing 
random/non-random 
and predictable/non- 
predictable 
classification and 
motivating students. 

 

TASK Description of the task / roles of the actors involved 

http://bit.ly/ISE-GMG
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Random walk 

(2 hours) 
(Hypothesis 

Generation & 
design) 

The second phase is based on the simulation of a random walk. Each step of the 
car is controlled by the toss of a coin: if head move forward, else move back (Fig. 
4). Before play with the car, students predict if the car might fall off the table. The 
fall of the car is a counter-intuitive hypothesis not supported by everyday 
experience. After experimenting with the simulation, in small group, the students 
write a report of their experiments. The reports are used by the teacher to promote 
a classroom discussion. 

Small group Whole Class Teacher 
Students experiment with 
the random walk simulation; 
collect data of actual coinôs 
tosses; and write a report. 

Classroom discussion and 
report on both results of 
random walk and coinôs 
tosses 

 
Assistant and 
guide classroom 
discussion 

 
 
 
 
 

 
Random 
Garden 
(2 hours) 

(Planning & 
Investigation) 

The Random Garden is a microworld, for representing random extraction 
processes. By modifying the list of items in the ñrandom gardenò the students 
manipulate the sample space of their random generator. In this activity 
students work in small groups. One group design a random generator while 
another attempts to predict its content by analysing the extractions. Students 
alternatively play the role of gardenôs builder and garden guesser. To analyse the 
extractions students, copy the list of extractions in a spreadsheet to count and plot 
the number of individual occurrences of the extractions. Again the students build a 
report on what characteristics make a garden easy or difficult to guess and the 
strategy used for guessing it. 

Small group 
Whole Class 

Teacher 

Pupils become friendly with random 
garden and plan the group strategy 
for the next game. All information 
must be written on a report 

  
Assistant 

 
 
 
 
 
 

 
Guess my 
garden (2 
hours) 

(Analysis & 
Interpretation) 

The ñGuess my Gardenò game. can be organized as a contest within a class, 
several classes or schools. The rules of the game set a limit to the number of item 
in the garden (e.g. 12) and the time for guessing. The team that discover the 
content of the opponent with the least number of extractions or less time wins. 
After the game the teacher design a test based on the random generator proposed 
for the game to foster a discussion leading to a definition of probability 
associated with the content of a sample space. The game is an important part 
of the educational scenario engaging students in motivating activities that allow 
for an extensive exposure and investigation of the tool. The rigid set of rule 
provide scaffolding for guiding the exploration of the activity. A familiarity with the 
affordances of the random garden is a prerequisite for successful inquiry. 

Small group Whole Class Teacher 



 

 Inspiring Science Education  

 

Validation Report and 
Recommendations 

 Page 58 of 90 

15/09/2016 v.1.8   
 

Analyse the 
extractions and 
guess the garden. 
Formulate of a 
strategy for the 
next game. 

Classroom discussion about 
garden, components of 
garden to be hard to solve, 
the concepts used for guess, 
how many extractions are 
necessary. 

Judge of the game. 
Provides students with 
examples of gardens to 
solve. Assistant during 
discussion. 

TASK Description of the task / roles of the actors involved 

 
 
 

Randompedia 
(1hour) 

(Conclusion & 
Evaluation) 

The inquiry on randomness is concluded by combining the previous reports in a 
final document written following an encyclopaedic entry stile (for example those in 
Wikipedia, as suggested by the name chosen for this activity). If possible, the 
document should be written for an audience and include references to textbook 
descriptions of the subject at hand. In this phase the traditional instructor role of the 
teacher is prominent. 

Small group Whole Class Teacher 
  

Randompedia report 

Ensure correctness 
of content including 
proper reference to 
text book 

Table 12. Guess my garden lesson plan. 

 

3.3.1.1 Guess my Garden in the classroom 

3.3.1.1.1  Time on task as a crucial success factor 

Six teachers of an Italian lower secondary school used the scenario Guess my Garden. We noticed the 
teachers made small changes to the scenario but limited to the off-line activities. Even though we 
presented the possibility of customizing the scenario, teachers prefer to adapt the scenario on the fly, 
directly on the classroom, not before the delivery. 
 
Even though we tested the scenario in a single school, the teachers involved had different work 
conditions regarding lesson hours and technological infrastructure. As for the lesson hours, usually, a 
single teacher is responsible for both maths and science. However, in the Italian schools, there are 
cases where the two subjects are split between two teachers. Since the GmG scenario addresses 
randomness, a key concept for both science and math, following a guided discovery approach trough 
some experiments with simulated random generators. In the case of a teacher covering both math and 
science the time potentially available is double that in the case of the two subject being split between two 
teachers. In our study, we had two out six teachers in this split category. As for the technological 
infrastructure the availability of computers and access to the internet is uneven from the school. Due to 
lack of funding the technological infrastructure of Italian school is seldom the result of the plan. In our 
case along with classes equipped with an Interactive White Board, a corner with computer and a 
working WiFi coverage; there are classes where the only computer available is the PC of the teacher. In 
our case only two classes where fully equipped. We did cover those issues in the interviews with the 
teacher, and our assessment is that while the technological infrastructure did impact of on the results of 
the study, it is not the major road-block to implementing the GmG scenario. 
 
While we indicated in 8 lesson hours the time for the GmG scenario, the teachersô feedback pointed out 
that this focus only on the time of running the activity in the classroom. Teacherôs time to prepare and 
manage the activity (time for professional development on the subject and time for providing feedback 
and guidance in response to student reporting) is not taken into account. Furthermore, as pointed out by 
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one of the teacher, making room for personal student reflection on the activity is best done by coupling 
period of intense work to a period of out of task time required to let new idea sediment. Finally, the GmG 
game task was best handled by those teachers (3 in our case) that managed to have two teachers working 
at the same time with a class during the game. 
 
Not all teachers were able to complete the task. This is in part because the study was scheduled 
during the last two months of school, thus creating trouble with those teachers that were not able to 
handle all the difficulties (innovative approach, underestimation of required time, lack of adequate 
technological infrastructure). Since the teachers involved expressed interest in continuing working with 
ISE (one of them did participate in this year ISE summer school), some of those problems might be 
overcome with a more accurate estimate of the required time on task and planning of the execution of the 
activity in class. 

3.3.1.1.2 Evidence from studentsô activities 

In this short report, we limit our analysis of studentsô reports to those related to the ñrandom walkò and 
ñguess my garden gameò (see Table 1). Indeed, we did expect evidence of inquiry cycles at this level of 
activity. 

¶ Students demonstrate a good level of interest in experimenting with the simulation and 
comparing their results with a more traditional activity of coin tossing. Several hypotheses were 
generated; some line of exploration were advocated but not always pursued due to 
perceived constrained dictated by the scenario. Including a heated debate on the possibility of the 
random generator being ñloadedò. 

¶ In the case of the game time on task and a good level of technological infrastructure was 
crucial. Only the classes with two teachers supporting the activity in conjunction with a good level 
of technology available did show a good level of inquiry (two in our case). For the others, the 
teacher did resort to a more directive style of steering the game to overcome technological 
and resource limitations. 

3.3.1.1.3 Pre-Post positive evidence on perception of Science 

For the analyze of answer, we subdivide NOS questions into three groups: 

1) questions about studentôs interest in science (questions 1.1, 1.3, 1.4, 1.6); 

2) questions about the importance of science for the personal career (questions 1.2, 1.3, 1.4, 
1.6); 

3) Questions about studentôs idea of science and scientific method (questions 2.1-2.9). 

The general studentsô idea of science is positive both in the pre-test and post-test with small variation. 
 
As far as studentsô idea of science is concerned the results are ñrandomò since they not show any 
correlation. 

3.3.1.2  Problem Solving ï results above Pisa mean. 

Due to the technological problems encountered, only the students of one class completed the test in a 
significant percentage (one classroom 100%, second 50%). The remaining two classrooms answer only to 
three set of questions out of four with a similar trend to the one described below. 
 
In the following, we show the results of the only classroom where we have significant results. The 
elaboration data showed in the figure is the one provided by teacher dashboard on the ISE portal. 
 
Fig. 32 shows that the percentage of high response increases during the activity. 
 
Fig. 33 compares classroom results with data form Italy PISA and ISE. The classroom case study is 
consistently above average in all comparison. 
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Figure 32. Problems solving answer for one classroom, data provide by ISE portal. 
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Figure 33. Problems solving answer for one classroom, data provide by ISE portal. Match with 
PISA means for Italy. 
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4 SUMMARY  

From the 96 demonstrators within the ISE project with total runs of 528, only 28 demonstrators have an 
average of more than 100 participants from seven countries (Croatia, Finland, Greece, Italy, Portugal, 
Ireland, Romania and the United Kingdom).  Two demonstrators are operating in more than one country 
with an average student number of more than 100 participants. The óôEratosthenes Experiment for 
elementary schoolsôô was used in Croatia, Greece, Romania and Portugal, óôThe scale of the Universeôô 
demonstrator in Romania, Portugal, and the United Kingdom. 
 
By the analysis of the demonstratorsô duration to evaluate time-on-task per demonstrator, it is found that 
an average of 20 minutes is needed for all students in all demonstrators to carry out the ñOrienting & 
Asking questionsò task in the classroom, which is less than the project-wide time (30 min). Furthermore, 
the students need an average time of 15 minutes to carry out the ñHypothesis Generation & Designò task 
in the classroom, which is the same as the time required for this task (15 min). The students need about 
25 minutes to complete the ñPlanning & Investigationò phase, which is almost like the project-wide time 
(23 min). For the ñAnalysis & Interpretationò phase the students needed around 12 minutes to complete 
this phase, which is just one minute off from the estimated time (3 min). The last phase of the 
demonstrator is ñConclusion & Evaluationò for which the students needed around 13 minutes which is 
more than the project-wide average (7 min). So a t-test testing for significance was calculated between 
actual time and the project-wide time per phase for the used demonstrators in all countries, which 
indicates that most of the studentsô needs significantly more or less than the project-wide time. There is a 
big difference within the Class-profile for different demonstrators. Within the demonstrator ñF1 in Schools 
Initiativeò it can be seen that 71 % of the students answer on a low level, and only 6 % on a high level, 
whereas in the ñToirt aquis Maisò demonstrator approximately 70 % of the students answer on a high 
level. This indicates there are variations about the difficulty between the different demonstrators. When 
comparing this to the suggested levels of 10 % for highly achieving students and 40 % for the moderate 
and low level it can be seen that only very few demonstrators match this level of difficulties for their 
problem-solving questions (e. g. A Lua e os Babes).  
 
On average students (n= 5950) in a sample of different demonstrators perform better than the mean of 
the OEDC sample in the low and moderate level of achievement, and better in the high level of 
achievement. This could indicate that most ISE activities and materials require skills on a high level, and 
consequently ñteachò the students adequately as well as the students show high ability in the domain. For 
the four ISE inquiry phases in all demonstrators, the average number of students who answered on a 
high-level is (25%), this percentage is more than the PISA percentage average (10%). The average of the 
moderate-level answer is (45, 6 %), this percentage is less than the PISA percentage average (45%). The 
Low-level percentage answer is (27, 4 %) also less than expected (45%).  
 
A pre-post questionnaire was administered for the study for both, teachers and students. 192 teachers 
answered the pre-post questionnaire questions. The findings of this study show that, the teachers have a 
good knowledge about the nature of science, and they see that most of the students have interest and 
motivation to learn science after using the ISE demonstrators, as well as the usage of the ISE approach 
improves the studentsô problem-solving skills and has a positive effect in their science lessons. The pre-
post studentsô questionnaire was used to evaluate the effect of the ISE activities on studentsô science 
interest and motivation as well as on their knowledge about the nature of science. Results show that 
using the ISE approach improved studentsô motivation and their interest in science as well as their 
knowledge about the Nature of Science. Additionally, the interviews with the teachers to estimate the ISE 
approach and the demonstrators which illustrate that the eLearning tools have a positive effect on 
studentsô motivation and make learning fun, and the ISE scenarios empowered the inquiry circle with their 
students. 
In the case study which consisting of ĂISE Demonstratorsò, the impact on the students` motivation, 
interest as well as their problem-solving skills are analyzed in detail, and it can be seen that the ISE 
approach motivate the students and foster their problem-solving skills.  
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In summary, the ISE approach can improve the studentsô interest and motivation to learn science, as well 
as it indicates an increasing of the inquiry and problem-solving competency of students in the science 
classroom, and improve their knowledge about NOS. The ISE approach can also support the teachers to 
organize and sequence inquiry-oriented and technology-enhanced learning experiences for their students 
and make science education more attractive. Therefore, it is strongly recommended that ISE be adopted 
to foster studentsô problem-solving skills and improve studentsô motivation for learning. 
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APPENDIX 

 

Appendix I 

 

Eratosthenes Experiment_Elementary_School (00:54:2) 

 

 

A Lua e os Beb®s (27) 00:50:24 

 

 
A cor dos objetos (4) 1:29:43 

 

 

 

 

 

 

 

Arhimedov zakon (5) 00:47:41 

 

 

ɇŬ ɛɞŰɑɓŬ əŬɘ ɞɘ Ŭɟɘɗɛɞɑ Űɞɡ Fibonacci (14) 00:21:59 F1 in Schools (1) 1:10:55 

http://ise.iasa.gr/demonstrators?did=1515
http://ise.iasa.gr/demonstrators?did=2039
http://ise.iasa.gr/demonstrators?did=4149
http://ise.iasa.gr/demonstrators?did=58
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F1 in Schools Challenge ï Tackling the STEM shortage 
at top speed (English V.2) (19) 1:52:44 

 

F1 in Schools Initiative - (English V.3) (12) 1:28:3 

 

Following Curiosity on Mars (4) 00:23:43 

 

 

 

 

 

Foucault's pendulum (12) 1:47:43 

 

Guess my Garden (5) 10:31:51 

 

HOBOS ï To Be(e) or not to Be(e) (8) 8:32:23 

 

http://ise.iasa.gr/demonstrators?did=1498
http://ise.iasa.gr/demonstrators?did=1498
http://ise.iasa.gr/demonstrators?did=3193
http://ise.iasa.gr/demonstrators?did=103
http://ise.iasa.gr/demonstrators?did=123
http://ise.iasa.gr/demonstrators?did=154
http://ise.iasa.gr/demonstrators?did=97
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HYPATIA Demonstrator (24) 1:32:28  

 

Let's Accelerate Particles Greek (7) 1:07:52 

 

 
Light : Reflection and Refraction (15) 2:46:46 

 

 

 

 

Light Pollution (13) 2:49:50 

 

Scales in the Universe (5) 00.47:39 Solar Eclipse Junior HS (6) 00:27:56 

http://ise.iasa.gr/demonstrators?did=186
http://ise.iasa.gr/demonstrators?did=2380
http://ise.iasa.gr/demonstrators?did=759
http://ise.iasa.gr/demonstrators?did=2977
http://ise.iasa.gr/demonstrators?did=1146
http://ise.iasa.gr/demonstrators?did=244















































