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1. Introduction

The central aim of a Curriculum Delphi Study is to collect the opinions and the knowledge of
stakeholders (‘experts’) from different areas and classify them in a systematic and
appropriate way in order to gain insights about aspects and approaches of modern and
desirable science education such as Inquiry Based Science Education(IBSE).

The Curricular Delphi Study on Science Education in Georgia is structured into three rounds.
The first round offers the participants the possibility to express their ideas about aspects of
contemporary and pedagogically desired science education in four open questions regarding
“motives, situations and contexts”, “fields”, “qualifications” and “methods”.

The second round of the Delphi study is about the considering and reflecting the findings
from the first round. The participants of the second round were informed about the findings
of the previous round - about the allocated categories from the individual responses of the
participants (‘experts’). They were asked both to assess to what extent the aspects expressed
in the categories had been realized in practice and also to prioritize the given categories. In
order to identify the concepts that are considered important regarding science education, the
participants were also asked to combine categories from the given set that seem especially
important to them in their combination. The combinations that the participants made in part
IT of the second round questionnaire were analyzed by means of hierarchical cluster analyses.
The ISU hierarchical cluster analyses gave in three concepts of desirable science education.
These concepts are:

Concept A: Awareness of the sciences in social and scientific contexts in both educational
and out-of-school settings

Concept B: Intellectual education in contexts of scientific inquiry, development of general
skills and occupation

Concept C:  General science-related education and facilitation of student’s interest in
contexts of everyday life using modern and various methods of education

These concepts are described in Table 1.

Concept A: Awareness of the sciences in social and scientific contexts in both educational and

out-of-school settings

Concept A: (Awareness of the sciences in social and scientific contexts in both educational and
out-of-school settings) refers to an engagement with the sciences in social and
scientific contexts in both educational and out-of-school settings. Teaching of
science promotes emotional personality development and basic skills. Person views
develop through learning the topics or other associated science related questions
from his or her environment, influence persons’ attitudes towards the sciences.
Dealing with scientific issues or phenomena facilitates the development of
observation and cognitive ability. Moreover, basic and professional relevant skills
such as classification, observation/perception, and safety can be enhanced in this
way. Dealing with the history of science reveals how findings and methods of
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sciences, development of research in natural sciences are important from scientific
point of view (quantum mechanics, atomic nuclear physics, microbiology, organic
and nonorganic chemistry) and also its practical application (cosmetology,
pharmacology).

Concept B: Intellectual education in contexts of scientific inquiry, development of general skills

and occupation

Concept B: (Intellectual education in contexts of scientific inquiry, development of general
skills and occupation) refers to the relation of natural science to the universal
science laws, which is the subject of different fields of science. Content of the
science is dealing with the acquisition of understanding of modern scientific
achievements, main idea of technological progress and evaluation its negative and
positive impact, refers to the perspectives of science progress and occupation
possibility.
Teaching content of the science enhance the general intellectual development and
understanding of science related research methods, development of inquiry skills
and general skills, such as critical questioning and creativity, problem solving.
Students use the mathematical competencies for problem solving. Dealing with the
topics of the science helps to motivate students for the activation of their individual
potential and revealing their capabilities. This concept refers also to the necessity of

the use of new media.

Concept C: General science-related education and facilitation of student’s interest in contexts
of everyday life using modern and various methods of education

Concept C: (General science-related education and facilitation of student’s interest in contexts

of everyday life using modern and various methods of education) refers to a science-

related engagement with everyday life, health and living environment issues that

takes up and promotes students’ interests. In this way aspects such as

interdisciplinary education, connections between phenomena, new technology and

its application, health and ecology are particularly important. Science education

promotes personal development and general education. In this way aspects such as

Rational thinking/analyzing /drawing conclusions are very important. Moreover this

concept refers to the use a variety of modern and teaching methods. In particular, it

focuses on Students based learning, uses the methods, such as Inquiry-based science

learning, project learning;

Table 1. Concepts identified in the second round of the Delphi study
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In this third interim report will be presented the framework, the procedure and the results of
the third round of the PROFILES Curriculum Delphi Study in Georgia.

The third round of the International PROFILES Curricular Delphi Study on Science
Education is about considering and further processing the findings from the hierarchical
cluster analysis of the second round. The subject of the third round of the International
PROFILES Curricular Delphi Study on Science Education is, in particular, to identify which
priority and reality assessments the participants assign to the three concepts of desirable
science education derived from the hierarchical cluster analyses in round 2; in addition, to
find out where, in the opinions of the participants, priority and realization in science
educational practice drift apart. For this purpose, the concepts that resulted from the ISU
hierarchical cluster analyses were assessed by the participants in the third round from two
perspectives, in the same way, the single categories identified in the first round were assessed
in the second round. On this course, the third round builds on the outcomes of the second
round in the same way as the second round emerged from the results of the first round.
Participants of the third round in Georgia were asked to assess also the three concepts from
FUB, translated in Georgian language.

2. Leading questions of the third round

Following the procedure of the curricular Delphi study in general, in the third round of the
International PROFILES Curricular Delphi Study on Science Education, one central

aspect is to address the findings and corresponding questions from previous rounds — here,
the second round (Bolte, 2008).

The third round of the PROFILES Curricular Study on Science Education, in line with the
general question, focuses on the following questions:

1.1 Which priorities regarding concepts of desirable science education can be identified in
participants’ assessments?

1.2 To what extent are the respective concepts of desirable science education

according to the participants’ assessments realized in current science educational practice?

1.3 What kind of priority-practice differences can be identified in participants’ assessments?
2.1 Which priorities regarding concepts of desirable science education can be identified in
participants’ assessments with regard to different educational levels?

2.2 To what extent are the respective concepts of desirable science education

according to the participants’ assessments realized in current science educational

practice regarding different educational levels?

2.3 What kind of priority-practice differences can be identified in the participants’
assessments regarding the different educational levels?

3. What differences or similarities appear in the general assessments between the

five different sub-sample groups?
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3. Design of the questionnaire and method of data analysis

Following the curricular Delphi method, all participants who had taken part in the first and
in the second round of the PROFILES Curricular Delphi Study on Science Education in
Georgia, received in the third round a questionnaire with the three concepts of desirable
science education that were identified throughout the hierarchical cluster analysis in the
course the second round, and a glossary with the description of the concepts, as well as the
questionnaire with the three concepts of desirable science education that were identified
throughout the hierarchical cluster analysis by the PROFILES Team FUB in the course the
second round, and a glossary with the description of the concepts (see appendix 8, Georgian
versions).

The participants were asked to make priority and reality assessments of the three given
concepts both in general and, in a second step, differentiated according to different
educational levels (pre-school, elementary level, lower secondary education, higher
secondary education) for the both cases (results of the second round from ISU and from
FUB).

For the assessment of the concepts, the participants were given a questionnaire with a six-

tier scale.
ISU sample
Which priority should the To what extent are the
respective concepts havein | respective concepts realized in
science education? currentscience education?
Concepts
Please assess the following concepts according 1 i very lo‘_N Prlorlty 1 i to a very low extent
to the two questions stated. 2 =low priority . 2 =to a low extent
3 =rather low priority 3 =to a rather low extent
4 = rather high priority 4 =to a rather high extent
5 = high priority 5 =to a high extent
6 = very high priority 6 =to a very high extent
Concept A: Awareness of the sciences in social
and scientific contexts in both educational and P 5 :
out-of-school settings (11 (21 (31 1[4 (5] (6] [[1] [2] (3] [4] [5] [6]
Concept B: Intellectual education in contexts of
scientific inquiry, development of general skills 1] 20 31 [4] 5] 6] |11 [21 3] [4] I[5] I6]
and occupation
Concept C: General science-related education
and facilitation of student’s interest in
1 2 3 4 5] [6
contexts of everyday life using modern and [ 21 81 @] 56l i 2] 1381 1] (5] [6]
various methods of education

Table 2: Example from the ISU questionnaire of the third round - part I: general assessment of the concepts
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Concepts

Please assess the
following concepts
according to the two
guestions stated.

Educational level

Which priority should the
respective concepts have
in science education?

To what extent are the respective
concepts realized in currentscience
education?

1 = very low priority

2 =low priority

3 =rather low priority
4 = rather high priority
5 = high priority

6 = very high priority

1 =to a very low extent

2 =to a low extent

3 =to a rather low extent
4 =to a rather high extent
5 =to a high extent

6 =to a very high extent

modern and various

education

methods of education

Concept A: Awareness offPre-school [1] [2] 8] [4] [5] [6][[1] [21 [3]1 [4]1 [5] I[6]
the sciences in social andElementary level [1]1 [2]1 31 [4] [5] [6][11] [21 31 [4] [5] I[6]
pellsniifie. coniei i be A 2 Bl @ 6] GBI 2 Bl @ 6l 6
educational and out-of—'—OWEF?eCONdarV
school settings education
i [11 [2] 31 [4] [s] [elf1] (2] (3] (4] [5] I[6]
igher secondary
education
Concept B: Intellectual [11 [2]1 (31 [4] [5] [e]fa] 1[21 (31 1[4] [5] I[e]
education in contexts of  |Pre-school
scientific inquiry, [11 21 B [ 5] 6l1 21 381 [4] [5] [6]
development of general Elementary level
skills and occupation
Lower secondary
education (11 (21 31 [4] [5] [6lja] [2] (3] [4] (5] [6]
igh d
on oYy B @ B el R B[ )
Concept C: General S [11 [2] (3] [4] [5] [e]{[1] [2] [3] [4] [5] [6]
i -related
ZZ'E::E;E:;Z Elementary level [ (2] 3] [4 5] 6l[1] (2] 3] (4] [5] [6]
facilitation of student’s |, 5\ver secondary (11 (21 B] 4 5] 611 [21 3] 4] [5] [6]
interest in contexts of
everyday life using Higher secondary [11 20 81 1[4 (5] [6l[1] [2] [3] 1[4] [5] [6]

Table 3: Example from the ISU questionnaire of the third round -

regarding different educational levels

part II: assessment of the concepts

Marika Kapanadze, Ekaterine Slovinsky
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FUB sample
Which priority should the To what extent are the
respective concepts havein | respective concepts realized in
science education? current science education?
Concepts

Please assess the following concepts according
to the two questions stated.

1 = very low priority

2 =low priority

3 =rather low priority
4 = rather high priority
5 = high priority

6 = very high priority

1 =to a very low extent

2 =to a low extent

3 =to a rather low extent
4 =to a rather high extent
5 =to a high extent

6 =to a very high extent

facilitation of interest in contexts of nature,
everyday life and living environment

Concept A:
Awarenessofthesaencesmc'urrent,soual,' 1] 2 B3] @ 66| 2 B @ 5] sl
globally relevant and occupational contexts in
both educational and out-of-school settings
Concept B:
Intellectual education in interdisciplinary [1] [2]1 [3] 1[4] 51 [6]([1] 1[21 131 1[4] [5] I6]
scientific contexts
Concept C:
General science-related education and
(11 21 (31 1[4 (5] [6]| [1] [2] (3] [4] (5] [6]

Table 4: Example from the FUB questionnaire of the third round - part I: general assessment of the concepts

Concepts
P Educational level

Please assess the
following concepts
according to the two
guestions stated.

Which priority should the
respective concepts have
in science education?

education?

1 = very low priority

2 =low priority

3 =rather low priority
4 = rather high priority
5 = high priority

6 = very high priority

1 =to a very low extent

2 =to a low extent

3 =to a rather low extent
4 =to a rather high extent
5 =to a high extent

6 =to a very high extent

Concept A: Pre-school (11 [2]1 [31 [4] [5] [6]j[1] (21 (31 [4] [S] [6]
Awareness of the sciences g arvievel
in current, social, globally Sl B (1] (2] (31 [4] (5] [e]j[1] (2] (3] 1[4] (5] [6]
relevant and occupational 1 5T 13 7 =116
contexts in both Lower§econdary [11 [21 (31 [4] [5] [elfal [2] (31 [4] (5] [6]
educational and out-of-  [education
school settings i (11 [21 (31 [4] [5] [elf1] (21 (31 [4]1 (5] [6é]
igher secondary
education
Concept B: Pre-school [1] [2]1 (31 [4] I[5] [6lff1] [2]1 31 (4] (5] I6]
Intellectual
education in 11 [21 [3] (4] [5](6lf1] (21 3] [4] I[5][6
interdisciplinary Elementary level [1] (2] (31 (4] [5] [6]|l1] (2] 3] [4] (5] [6]
ientifi text
eieniic comexs Lowersecondary ) @1 @31 @ 51 ©W @& B @ (5 (6
Marika Kapanadze, Ekaterine Slovinsky Page 8
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Higher secondary [1]  [2] [3] [41 [5] 611111 (2] (3] [4] 5] I[6]
education
Concept C: o] A 2 B @4 5] e 2 B 4 56
General science-related
education and Elementary level 1] [21 (3] [4] [5] [61f1] 1[2] [3] [4] [5] [6]
facilitation of interest in
contexts of nature, Lower secondary [1] [2] [31 [4] [5] [6ljfa1] (21 [3]1 [4] [5] [6]
everyday life and living
environment Higher secondary [1] [2]1 [31 [4] [5] [6lff1]1 [21 [31 [4] [5] I[6]
education

Table 5: Example from the FUB questionnaire of the third round - part II: assessment of the concepts
regarding different educational levels

The data were analyzed through SPSS via descriptive and variance analytical methods. The
analyses took into account individually both the priority and practice assessments as well
as determined the priority-practice differences by subtracting the practice values from the
priority values (Bolte, 2008). The analyses were made from three perspectives:

a) General assessment of the three concepts of science education by the total sample

b) Assessment of the three concepts of science education differentiated

according to different educational levels by the total sample
c) General assessment of the three concepts of science education by the sub-sample
groups

The assessments of the three concepts were tested for statistically significant differences by
applying the Wilcoxon signed-rank test. Statistically significant differences between the
assessments of the different sub-sample groups were identified through the Mann-
Whitney - U test.

4. Data collection and sample of the third round of the ISU PROFILES
Curricular Delphi Study on Science Education

In the third round of the ISU PROFILES Curricular Delphi Study on Science Education
took part a total number of 75 participants and for the FUB sample 73 participants. The
procedure of the data collection in round three was carried out in accordance with the
Delphi method (Linstone & Turoff, 1975). The sample of participants in this round
included those who had taken part in the second. 83 participants from the second round
were asked to fill in the questionnaire, 75 of them responded. Table 6 shows the sample
structure over all three rounds of the ISU study. The participation rate with regard to the
dropout between the second and third as well as between the first and third round is also
shown.
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Samle Group Number of Participants Participation Participation rate
rate between between rounds
Round 1 Round 2 Round3 |rounds2and3 | 1and3

Students 34 20 20 100% 59%
Teachers | Education | 6 6 4

Students

Trainee 2 0 0

2

teachers ) 77% 67%

teachers 14 30 15 26 13

Teachers | 8 5 3

Educators
Education 13 14 10

71% 77%

Researchers
Scientists 27 19 20 105% 74%
Others 6 4 5 125% 83%
Total 110 83 75 90% 68%

Table 6. Sample structure of the ISU PROFILES Curricular Delphi Study on Science Education and response rate

of the 3" round

Table 7 shows the sample structure over all three rounds of the ISU study, when in the

third round participants were asked to assess the concepts from FUB.

Samle Group Number of Participants Participation Participation
rate between rate
Round1 | Round 2 Round3 |rounds2and3 | between
rounds 1
and 3
Students 34 20 20 100% 59%
Teachers | Education 6 6 4
Students
73% 63%
Trainee 2 0 0
teachers
Marika Kapanadze, Ekaterine Slovinsky Page 10
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teachers 14 |30 |15 26 12 | 19

Teachers 8 5 3

Educators
Education Researchers | 13 14 8 57% 62%
Scientists 27 19 21 111% 78%
Others 6 4 5 125% 83%
Total 110 83 73 88% 66%

Table 7. Sample structure of the ISU PROFILES Curricular Delphi Study on Science Education and response
rate of the 3" round (FUB sample)

It is visible that, with regard to the second round participants features with 90% the
highest response rate in the third round for the ISU questionnaire and 88% for FUB
questionnaire. It can be seen from these tables that 2 more scientist took part in the third
round and 1 more participants from the group “others” with the comparison of the second
round. Increase of the number of scientist and group “others” might be possible if some of the
teachers or the scientific researchers during the time period (between second and the third
rounds) changed their profession and they belong to the group of Scientists either to the
“others”. The highest drop-out between the second and third round appears in the group
of Education Researchers with a response rate of 71% for ISU questionnaire and 57% for
FUB questionnaire. For the students we have 100% in both cases.

A detailed overview of the sample structure of the third round of the ISU Curricular
Delphi Study on Science Education is given in Table 8 and 9 accordingly for ISU and
FUB samples.

Group Subgroup Distribution | Total Percentage
number
Students 20 27%
Science 4
education

students at

Science university

Teachers Biology 0 0
Trainee science Physics 0
teachers

chemistry 0

Marika Kapanadze, Ekaterine Slovinsky Page 11
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other 0
Biology 6 13
Physics 1
Science Teachers
chemistry 5 20 27%
other 0
Biology 1 3
Trainee science Physics 1
teacher educator chemistry 1
other 0
Biology 3
Physics 1
Science education researchers 10 12%
chemistry 3
other 1
Biology 10
Physics 6
Scientists 20 27%
chemistry 4
other 1
Other 5 7%
Total 75

Table 8. Detailed sample structure of the third round of the ISU Curricular Delphi Study on Science Education

Marika Kapanadze, Ekaterine Slovinsky
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Group Subgroup Distribution | Total number | Percentage
Students 20 27%
Science 4
education
students at
university
Biology 0 0
Trainee science Physics 0
teachers chemistry 0
other 0
Science Biology 6 12
Teachers
Physics 1
Science Teachers 19 26%
chemistry 5
other 0
Biology 1 3
Trainee science Physics 1
teacher educator chemistry 1
other 0
Biology 3
Physics 1
Science education researchers 8 11%
chemistry 3
other 1
Biology 10
Physics 6
Scientists 21 29%
chemistry 4
other 1
Other 5 7%
Total 73

Table 9. Detailed sample structure of the third round of the FUB Curricular Delphi Study on Science Education

Marika Kapanadze, Ekaterine Slovinsky
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It is seen that for the ISU questionnaire students, science teachers and scientists make up
27% of the total sample each, but for the FUB questionnaire the group of scientists
constitutes with 21 participants the largest group, making up 29% of the total sample.

5. Results - descriptive and variance statistical analyses

In the following sections, the results of the third round of the ISU PROFILES Curricular
Delphi Study on Science Education are presented. The results include descriptive-statistical
analyses with regard to the priority and practice assessments as well as to the identified
priority- practice differences.

The analyses and descriptions are made on the basis of both the total sample and the five
different sample groups (students, teachers, educations researchers, scientists and others).
According to the structure of the questionnaire, the description of the results is given into
three parts. The first part (5.1) describes the general assessments of the three given concepts
of desirable science education by the total sample; the second part (5.2) - the
assessments of the concepts by the total sample differentiated according to different
educational levels and the third part (5.3) refers to the general assessments of the concepts
by the different sub-sample groups. All characteristics are given for the both samples — ISU

and FUB questionnaire analysis.

For identification statistically significant differences between the assessments of the three
concepts, the Wilcoxon signed-rank test was applied (Bortz, 2005). It was applied for the
following three possible pair comparisons: Concept A / Concept B, Concept A

/ Concept C, and Concept B / Concept C. In order to identify statistically significant
differences between the assessments of the five different sub-sample groups, the Mann-
Whitney-U test was applied. This significance test was applied for the following 10
possible pair comparisons: students/teachers, students/ed.researchers, students/scientists,
students/others, teachers/ed.researchers, teachers/scientists, teachers/others,

ed.researchers/scientists, ed.researchers/others and scientists/others.

5.1  Concepts of desirable science education - general assessment by the total sample

5.1.1 Priority assessments

This part refers the general priority assessments by the total sample. Table 10 and table 11
show the mean values of the general priority assessments by the total sample and the
results from the significance test (Wilcoxon signed-rank test) with respect to the pair

Marika Kapanadze, Ekaterine Slovinsky Page 14
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comparisons of the assessments of the concepts for ISU and FUB accordingly. The
mean values of the general priority assessments by the total sample are also illustrated in
Figure 1 and Figure 2.

Concept A: Concept B: Concept C: Significance values

Awareness of the Intellectual education General science-related

sciences in social and | in contexts of scientific | education and facilitation

scientific contexts in inquiry, development of student’s interest in
both educational and | of general skills and contexts of everyday life A/B AIC B/C
out-of-school settings occupation using modern and various

methods of education

Mean Standard Standard Standard
value deviation Mean value deviation Mean value deviation

<0,001 | <0,001 | 0,002
4,2 1,160 4,7 1,109 5,0 1,185

Table 10. Mean values and standard deviation of the general priority assessments by the total sample and
significance test values (Wilcoxon signed-rank test), for ISU

It is visible that Concept C, being assessed by the total sample as having “high priority”

features of all three concepts the highest mean value (5.0). Concept C refers to “General
science-related education and facilitation of interest in contexts of nature, everyday life and
living environment”. A lower mean value (4,7) appears for Concept B, which relates to
“Intellectual education in contexts of scientific inquiry, development of general skills and
occupation”. Concept A, which relates to “Awareness of the sciences in social and
scientific contexts in both educational and out-of-school settings” features the lowest mean
value (4,2). However, this concept is still being assessed as having “rather high priority”.

The significance values show that the assessments of the concepts differ in all three pair
comparisons from each other in a statistically significant way.

It can be noticed that all three concepts, being rated with either “rather high priority” or
“high priority” range above the theoretical mean value of 3,5 and are thus considered by
the total sample as important concepts for science education in general.
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GENERAL ASSMENT -PRIORITY AND
PRACTICE

PRIORITY

——ConceptA ——ConceptB

I

PRACTICE

Concept C

Fig.1 Mean values of the general priority and practice assessments by the total

sample for ISU

Concept A:

Awareness of the sciences in

current, social, globally relevant

and occupational contexts

Concept B:

Intellectual education

in interdisciplinary

scientific contexts

Concept C:

General science-related

education and facilitation of

interest in contexts of

Significance values

relevant in both educational and nature, A/B A/C B/C
out-of-school settings everyday life and living
environment
Standard Standard Standard
Mean value deviation Mean value deviation Mean value deviation
0,001 | <0,001 | 0,005
4,29 1,172 4,68 0,956 4,95 1,066

Table 11. Mean values and standard deviation of the general priority assessments by the total sample and
significance test values (Wilcoxon signed-rank test), for FUB
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4.0

3.0

2.0
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0.0

GENERAL ASSMENT - PRIORITY AND
PRACTICE

PRIORITY

—e— Concept A

——Concept B

I

PRACTICE

Concept C

Fig.2 Mean values of the general priority and practice assessments by the total sample for FUB
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It is visible that Concept C, being assessed by the total sample as having “high priority”

features of all three concepts the highest mean value (4,95). Concept C refers to “General
science-related education and facilitation of interest in contexts of nature, everyday life and living
environment”. A lower mean value (4,68) appears for Concept B, which relates to ‘Intellectual
education in interdisciplinary scientific context. Concept A, which relates to

“Awareness of the sciences in current, social, globally relevant and occupational contexts
relevant in both educational and out-of-school settings” features the lowest mean

value (4,29). However, this concept is still being assessed as having “rather high priority”.

The significance values show that the assessments of the concepts differ in all three pair
comparisons from each other in a statistically significant way.

It can be noticed that all three concepts, being rated with either “rather high priority” or
“high priority” range above the theoretical mean value of 3,5 and are thus considered by the

total sample as important concepts for science education in general, as it was for ISU sample.

5.1.2 Practice assessments

This part refers the general practice assessments by the total sample. Table 12 and table 13
show the mean values of the general practice assessments by the total sample and the
results from the significance test (Wilcoxon signed-rank test) with respect to the pair

comparisons of the assessments of three concepts for ISU and FUB accordingly.

Concept A: Concept B: Concept C: Significance values

Awareness of the sciences in Intellectual education General science-related

social and scientific contexts in contexts of scientific | education and facilitation

in both educational and out- inquiry, development | of student’s interest in

of-school settings of general skills and contexts of everyday life A/B AIC B/C
occupation using modern and various

methods of education

Standard Standard Standard
Mean value deviation Mean value deviation Mean value deviation
viatl viatl viatl 0484 | 0439 | 0,851
2,6 0,809 2,6 0,941 2,7 0,893

Table 12. Mean values and standard deviation of the general practice assessments by the total sample and
significance test values (Wilcoxon signed-rank test), ISU sample

The concept that was assessed as most realized in science education is Concept C, which refers
to “General science-related education and facilitation of student’s interest in contexts of
everyday life using modern and various methods of education”. The least realized concepts
according to the participants are A (Awareness of the sciences in social and scientific contexts
in both educational and out-of-school settings and B (Intellectual education in contexts of
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scientific inquiry, development of general skills and occupation), both with a mean value 2.6.
It is visible that all three concepts range below the theoretical value of 3,5. It means that it was
assessed as present to a “rather law extent” in educational practice.

Concept A: Concept B: Concept C: Significance values
Awareness of the sciences Intellectual education General science-related

in current, social, globally in interdisciplinary education and facilitation of

relevant and occupational scientific contexts interest in contexts of nature,

contexts relevant in both everyday life and living AB AIC B/C
educational and out-of- environment

school settings

Mean Standard Standard Standard

alue deviation Mean value deviation Mean value deviation

valu viati viati viat 0,141 0,081 | 0,657
2,62 0,844 2,75 0,969 2,78 0,961

Table 13. Mean values and standard deviation of the general practice assessments by the total sample and
significance test values (Wilcoxon signed-rank test), FUB sample

As in case of ISU, Concept C, which refers to “General science-related education and
facilitation of interest in contexts of nature, everyday life and living environment”, was
assessed as most realized in science education. The least realized concepts according to the
participants was A (Awareness of the sciences in current, social, globally relevant and
occupational contexts relevant in both educational and out-of-school settings). It is visible
that all three concepts range below the theoretical value of 3,5, as in case of ISU. It means that
it was assessed as present to a “rather law extent” in educational practice.

5.1.3 Priority-practice differences

This part refers the priority-practice differences (PPD) in the assessments of the total
sample. The calculated priority-practice differences show the gap that exists according to
the assessments of the participants between the priority they assign to a concept and its

perceived realization in educational practice. The priority-practice were determined on

the basis of all data by subtracting the practice values from the priority values (APPD =
XPriority -Y Practice- )

Table 14 and table 15 shows the priority — practice differences for the total sample as well
as the results from the significance test (Wilcoxon signed-rank test) with respect to the
pair comparisons of the concepts’ assessments for ISU and FUB.
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Concept A:

Awareness of the
sciences in social and
scientific contexts in
both educational and

Concept B:

Intellectual education in
contexts of scientific
inquiry, development of

Concept C:

General science-related
education and facilitation of
student’s interest in contexts

Significance values

general skills and of everyday life using modern A/B AIC B/C
out-of-school settings occupation and various methods of
education
Mean Standard Standard Standard
value deviation Mean value deviation Mean value deviation
0,010 <0,001 | 0,025
1,6 1,385 2,0 1,48 2,37 1,45

Table 14. Mean values and standard deviation of the priority - practice differences of the total sample and
significance test values (Wilcoxon signed-rank test) for ISU sample

Concept A:

Awareness of the
sciences in current,
social, globally relevant
and occupational

Concept B:

Intellectual education
in interdisciplinary
scientific contexts

Concept C:

General science-related
education and facilitation of
interest in contexts of nature,
everyday life and living

Significance values

contexts relevant in both environment A/B AIC B/C
educational and out-of-
school settings
Mean Standard Standard Standard
value deviation Mean value deviation Mean value deviation
0,032 0,003 0,068
1,67 1,546 1,93 1,408 2,16 1,519

Table 15. Mean values and standard deviation of the priority - practice differences of the total sample and
significance test values (Wilcoxon signed-rank test) for FUB sample

The priority-practice differences in the general assessment are illustrated on Fig. 3 and Fig

4 for ISU and FUB accordingly.
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GENERAL ASSESSMENT -PRIORITY-
PRACTICE DIFFERENCES

25 N
2.0 |
15 *
1.0
05
0.0

PRIORITY-PRACTICE DIFFERENCES
—&4—Series]1 ——Series?2 —&—Series3

Figure 3. Mean values of the priority-practice differences in the general assessments by the
total sample, ISU

GENERAL ASSESSMENT -PRIORITY-
PRACTICE DIFFERENCES
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Figure 4. Mean values of the priority-practice differences in the general assessments by the
total sample, FUB
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5.1.4. Summary

We can summarize that concept referring to general science-related education is seen as
the most important and also most realized concept of the three concepts. The Priority-
practice differences show that in present science educational all three concepts fall short
of their given priority. The smallest gap occurs for the awareness of the sciences in
different contexts, the largest for the concept related to general science. These results are
for ISU sample as well as for FUB.

5.2  Concepts of desirable science education assessment by the total sample regarding
different educational levels

The following sections will address the results from the assessments by the total sample
differentiated according to the following different educational levels:

e pre-school

e element level

e lower secondary education

e higher secondary education

The descriptions are structured again into priority assessments, practice assessments and

the calculated priority-practice differences.

5.2.1 Priority assessments

In this part are presented the priority assessments by the total sample with regard to
different educational levels. The results of the priority assessments of the total sample
differentiated according to the different educational levels and the results from the
significance test (Wilcoxon signed-rank test) are shown in Table 16 and in the Table 17
for ISU and FUB accordingly. The mean values of the priority assessments by the total
sample differentiated according to the different educational levels are also illustrated in
Figure 5 and Figure 6.

Mean values Significance values
Educational Concept A: Concept B: Concept C: Average
of all three

level Awareness of Intellectual General science- concepts

the sciences in education in related education A/B AIC B/C

social and contexts of and facilitation of

scientific scientific student’s interest

contexts in both | inquiry, in contexts of
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educational and | development of | everyday life
out-of-school general skills using modern
settings and occupation and various
methods of
education
Pre-school 2,9 2,7 3,3 3,1 0,063 0,003 <0,001
Elementary
3,7 3,6 4,2 3,8 0,195 <0,001 <0,001
level
Lower
secondary 4,4 4,4 4,8 4,5 0,719 <0,001 <0,001
education
Higher
secondary 4,6 4.8 50 4,8 0,698 0,005 0,010
education

Table 16. Mean values of the priority assessments by the total sample regarding different educational levels and
significance test values (Wilcoxon signed-rank test), ISU

The highest priority mean values for science education at pre-school (3.3) and at elementary
level (4.2) appear for concept C (General science-related education and facilitation of student’s
interest in contexts of everyday life using modern and various methods of education). For
lower secondary education Concept A and Concept B are assessed equally. For higher

secondary education Concept C features higher priority mean value (5,0). It can be noted that

for pre-school all three concepts range below the theoretical mean value 3.5. It means that

these concepts are not so important on this educational level.

PRE-SCHOOL

ELEMENTARY LOWER HIGHER
LEVEL SECONDARY SECONDARY
EDUCATION EDUCATION
—+—Concept A —#—ConceptB Concept C

Figure 5. Mean values of the priority assessments by the total sample regarding different educational levels, ISU
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Mean values Significance values
Educational Concept A: Concept B: Concept C: Average
of all three

level Awareness of the Intellectual General concepts

sciences in current, | educationin sciencerelated

social, globally interdisciplinary Education and

relevant and scientific facilitation of

occupational contexts interest in A/B A/C B/C

contexts relevant contexts

in of nature,

both educational everyday

and out-of-school life and living

settings environment
Pre-school 2,8 2,8 33 3,0 0,711 < 0,001 0,001
Elementary

3,7 3,7 4.2 3,9 0,659 <0,001 <0,001

level
Lower
secondary 45 45 4.8 4.6 0,682 0,002 0,014
education
Higher
secondary 4.7 4.9 5,0 49 0,248 0,030 0,251
education

Table 17. Mean values of the priority assessments by the total sample regarding different educational levels and

significance test values (Wilcoxon signed-rank test), FUB

For FBU sample the highest priority mean values for science education at all educational levels
appear for concept C (General science-related education and facilitation of student’s interest in
contexts of everyday life using modern and various methods of education). For lower
secondary education Concept A and Concept B are assessed equally. For higher secondary
education Concept C features higher priority mean value (5,0). It can be noted that for pre-
school all three concepts range below the theoretical mean value 3.5. It means that these

concepts are not so important on this educational level, as it was for ISU sample.
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PRIORITY

Pre-school Elementary level Lower secondary Higher secondary
education education

—@—Concept A =—@=ConceptB Concept C

Figure 6. Mean values of the priority assessments by the total sample regarding different educational levels,
FUB

5.2.2 Practice assessments

In the following part the practice assessments by the total sample, differentiated according to
different educational levels, are presented. Table 18 and table 19 show the results of the
practice assessments of the total sample differentiated by the different educational levels
and the results from the significance test (Wilcoxon signed-rank test) for both ISU and
FUB samples. The mean values of the practice assessments by the total sample
differentiated according to the different educational levels are also illustrated on Figure 7

and Figure 8.
Mean values Significance values

Educational Concept A: Concept B: Concept C: Average
level Awareness of Intellectual General science- of all three

the sciences in education in related education concepts

social and contexts of and facilitation of

scientific scientific student’s interest A/B AIC B/C

contexts in both | jpquiry, in contexts of

educational and | development everyday life

out-of-school of general using modern and

settings skills and various methods

occupation of education
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Pre-school 2,1 2,0 2,3 2,1 0,238 0,040 <0,001

Elementary

2,7 2,5 2,8 2,7 0,171 0,239 0,022
level

Lower
secondary 29 29 3,0 29 0,597 0,295 0,091
education

Higher
secondary 3,1 3,0 3,0 3,0 <0,001 0,557 0,469
education

Table 18. Mean values of the practice assessments by the total sample regarding different educational levels and

significance test values (Wilcoxon signed-rank test), ISU

35
3 =)
2.5
2
1.5
1
0.5
0
PRE-SCHOOL ELEMENTARY LOWER HIGHER
LEVEL SECONDARY SECONDARY
EDUCATION EDUCATION
—+—Concept A —#—ConceptB Concept C

Figure 7. Mean values of the practice assessments by the total sample regarding different
educational levels, ISU

It is visible that the highest overall average of the mean values in the practice assessments
occur for higher secondary education. Concept C (General science-related education and
facilitation of student’s interest in contexts of everyday life using modern and various methods
of education) is assessed high for pre-school, elementary level and lower secondary level. For
higher secondary level concept B and Concept C are assessed equally. All assessment range
below the theoretical mean value of 3,5.
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Mean values Significance values
Educational Concept A: Concept B: Concept C: Average
of all three

level Awareness of the | Intellectual General science concepts

sciences in education in related

current, interdisciplinary Education and

social, globally scientific facilitation of

relevant and contexts interest in A/B A/C B/C

occupational contexts

contexts relevant of nature,

in everyday

both educational life and living

and out-of-school environment

settings
Pre-school 2,0 2,0 2,1 2,0 0,322 0,170 0,023
Elementary
level 2,6 2,6 2,9 2,7 0,881 0,008 0,020
Lower
secondary 2,8 3,0 3,1 3,0 0,133 0,002 0,290
education
Higher
secondary 2,9 3,2 31 31 0,096 0,418 0,937
education

Table 19. Mean values of the practice assessments by the total sample regarding different educational levels and

significance test values (Wilcoxon signed-rank test), FUB

It is visible that for FUB sample as well as for ISU the highest overall average of the mean
values in the practice assessments occur for higher secondary education. Concept C (General
science related Education and facilitation of interest in contexts of nature, everyday life and
living environment) is assessed high for pre-school, elementary level and lower secondary
level. For pre-school level and for elementary level concept A and Concept B are assessed
equally. All assessment range below the theoretical mean value of 3,5.
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Lower secondary
education

Higher secondary
education

Concept C

Figure 8. Mean values of the practice assessments by the total sample regarding different

educational

levels, FUB

5.2.3.Priority-practice differences

In this part the priority-practice differences of the total sample, differentiated according
to different educational levels, are presented. Table 20 and Table 21 show the results of
the priority-practice differences differentiated by the different educational levels and the
results from the significance test (Wilcoxon signed-rank test) for ISU and FUB sample.
The mean values of the priority-practice differences of the total sample regarding the
different educational levels are also illustrated in Figure 9 and Figure 10.

Mean values Significance values

Educational | Concept A: Concept B: Concept C: Average
level Awareness of Intellectual General science- of all three

the sciences in | education in related education and

social and contexts of facilitation of concepts

scientific scientific student’s interest in A/B A/IC B/C

contexts in inquiry, contexts of everyday

both development of | life using modern and

educational general skills various methods of

and out-of- and occupation | education

school settings
Pre-school 0,8 0,7 1,0 0,8 0,335 0,130 0,017
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Elementary

1,0 1,0 1,4 1,1 0,876 0,014 0,018
level

Lower
secondary 15 15 1,8 1,6 0,893 0,019 0,024
education

Higher
secondary 1,7 1,7 2,0 1,8 0,361 0,044 0,074
education

Table 20. Mean values of the priority-practice differences of the total sample regarding different educational
levels and significance test values (Wilcoxon signed-rank test), ISU

The highest priority-practice differences for science education appear for Concept C
(General science-related education and facilitation of student’s interest in contexts of
everyday life using modern and various methods of education) at all levels. The highest
priority-practice differences appear for Higher Secondary education. Concept B and
Concept A features the same priority-practice differences for three educational levels, only
for pre-school level small difference is visible.

PRIORITY-PRACTICE
DIFFERENCES
2.5
2
1.5
1
0.5
0
PRE-SCHOOL ELEMENTARY LOWER HIGHER
LEVEL SECONDARY SECONDARY
EDUCATION EDUCATION
—+—Concept A —#—ConceptB Concept C

Figure 9. Mean values of the priority-practice differences in the assessments by the total sample
regarding different educational levels, ISU
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Mean values Significance values

Educational Concept A: Concept B: Concept C: Average
level Awareness of the Intellectual General science of all three

sciences in education in related

current, interdisciplinary | Education and concepts

social, globally scientific facilitation of

relevant and contexts interest in A/B A/C B/C

occupational contexts

contexts relevant of nature,

in everyday

both educational life and living

and out-of-school environment

settings
Pre-school 0,8 0,9 1,2 1,0 0,508 0,007 0,019
Elementary

11 11 1,3 1,2 0,826 0,024 0,047

level
Lower
secondary 1,7 1,5 1,7 1,6 0,324 0,245 0,079
education
Higher
secondary 1,8 1,7 2,0 1,8 0,781 0,361 0,061
education

Table 20 Mean values of the priority-practice differences of the total sample regarding different educational
levels and significance test values (Wilcoxon signed-rank test), FUB

The highest priority-practice differences for science education appear for Concept C (General
science related Education and facilitation of interest in contexts of nature, everyday life and
living environment) at all levels. The highest priority-practice differences appear for Higher

Secondary education. For lower secondary level differences are equal for Concept A and

Concept C.
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PRIORITY-PRACTICE DIFFERENCES

25
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Figure 10. Mean values of the priority-practice differences in the assessments by the total sample
regarding different educational levels, FUB

5.2.4 Summary

After the analyses of assessments of the three concepts by the total sample for ISU regarding
different educational levels we can summarize that the concepts are seen the more important
the higher the educational level is. The concept assessed as most important is the concept
referring to general science-related education (Concept C). With regard to practice, it can
be seen that the concepts are seen the more realized the higher educational level is.
However, the priority-practice differences indicate that for all educational levels the
concepts’ assigned priority is not reflected in practice. The highest gaps appear for the
concept referring to general science-related education for higher secondary education.

The priority-practice relation of the concept related to intellectual education (Concept A)
appears the more deficient the higher the educational level is. The same results are visible for
the FUB sample.

5.3 Concepts of desirable science education - general assessment by the
sub-sample groups

In this part of the report will be analyzed how far the general assessments of the different
sub-sample groups might differ from each other. For this purpose, the analyses from the
general assessment by the four different sub-sample groups (students, teachers, education
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researchers and scientists), are addressed with regard to priority, realization in practice and

the calculated priority-practice differences.

5.3.1 Priority assessments

In the following part, the general priority assessments by the different sub-sample
groups are presented. Table 22 shows the results of these assessments and the results from
the significance test with respect to differences between the assessments of the difference
concepts (Wilcoxon signed-rank test) for ISU. Table 23 shows in addition the results from
the significance test with respect to differences between the assessments by the different
sub- sample groups (Mann-Whitney-U-Test). The mean values of the priority assessments

by the different sub-sample groups are also illustrated in Figure 11.

Mean values Significance values
Educational Concept A: Concept B: Concept C: Average
level of all three
Awareness of the Intellectual General science- concepts
sciences in social education in related education
and scientific contexts of and facilitation of
contexts in both scientific student’s interest in
. . A/B A/IC B/C
educational and inquiry, contexts of
out-of-school development everyday life using
settings of general modern and various
skills and methods of
occupation education
Students 3,8 43 46 4,2 0,031 0,003 0,167
Teachers 4.4 5,0 54 4,9 0,005 0,001 0,035
Education
Researchers 3,7 47 5,4 46 0,021 0,008 0,035
Scientists 45 48 49 47 0,191 0,156 0,791
Others 4,6 4,2 54 47 0,414 0,102 0,109

Table 22. Mean values of the general priority assessments by the sub-sample groups and significance test values

(Wilcoxon signed-rank test), ISU
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Significance values

Concepts
SIT S/IE S/Sc S/O T/IE T/sc T/O E/Sc E/O Sc/O
Concept A:
Awareness of the sciences in
social and scientific contexts in 112 .612 .065 242 | .053 | .697 .886 .044 .083 915

both educational and out-of-
school settings

Concept B:

Intellectual education in contexts
R 077 | 273 | 178 | 772 | 633 | 711 | 154 | 833 | .38 | .201
of scientific inquiry, development

of general skills and occupation

Concept C:

General science-related education
and facilitation of student’s
interest in contexts of everyday
life using modern and various
methods of education

154 167 .833 316 | 676 | .141 .851 154 944 316

Number of statistically significant
differences

> 1

Table 23. Significance test values (Mann-Whitney-U-Test) of the general priority assessments by the sub-
sample group, ISU.

It can be seen that all sample groups consider Concept C (General science-related education
and facilitation of student’s interest in contexts of everyday life using modern and various
methods of education) as most important. As it was mentioned for the result of the
assessments by the total sample, it can be noted for the sub- sample groups as well that all
assessments range above the theoretical mean values of 3,5.

The assessments are statistically significant between Concept A/ Concept B and Concept A/
Concept C (students’ assessment), Concept A/ Concept B, Concept A/ Concept C and Concept
B/ Concept C (Teachers and Education Researchers assessment).

With regard to the sub-sample groups’ assessment, statistically significant difference
appears only between Education Researchers/Scientists (Concept A).
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Figure 11. Main value of the general priority assessments by the sub-sample groups, ISU

Table 24 shows the results of these assessments and the results from the significance test

with respect to differences between the assessments of the difference concepts (Wilcoxon
signed-rank test) for FUB sample. Table 25 shows in addition the results from the
significance test with respect to differences between the assessments by the different sub-
sample groups (Mann-Whitney-U-Test). The mean values of the priority assessments by
the different sub-sample groups are also illustrated in Figure 12.

Mean values Significance values

Educational Concept A: Concept B: Concept C: Average
level Awareness of the Intellectual General of all three

sciences in education in sciencerelated concepts

current, interdisciplinary | Education and

social, globally scientific facilitation of

releva nt. and contexts interestin AB A/C B/C

occupational contexts

contexts relevant of nature,

in everyday

both educational life and living

and out-of-school environment

settings
Students 4,1 45 45 4,4 0,063 0,162 0,808
Teachers 45 49 53 4,9 0,085 0,007 0,008
Education
Researchers 4,0 45 50 4,5 0,206 0,052 0,206
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Scientists 44

48

50

4,7

0,035

0,008

0,157

Others 4.4

4,6

54

4,8

0,564

0,102

0,102

Table 24. Mean values of the general priority assessments by the sub-sample groups and significance test values

(Wilcoxon signed-rank test), FUB

Concepts

Significance values

SIT

S/E

S/Sc

S/O

T/IE

T/sc

T/O

E/Sc

E/O

Sc/O

Concept A:

Awareness of the sciences in current,
social, globally relevant and
occupational contexts relevant in both
educational and out-of-school settings

.348

917

.389

.651

291

.852

.796

312

.646

.837

Concept B:
Intellectual education in
interdisciplinary scientific contexts

128

1.000

.246

.942

403

.708

409

541

.879

.538

Concept C:

General science related Education and
facilitation of interest in contexts

of nature, everyday life and living
environment

.048

.399

.251

139

442

.251

127

.959

431

314

Number of statistically significant
differences

2

Table 25. Significance test values (Mann-Whitney-U-Test) of the general priority assessments by the sub-

sample group, FUB.

It can be seen that as it was for the ISU sample groups all sample groups for FUB concepts consider
Concept C (General science-related education and facilitation of student’s interest in contexts of

everyday life using modern and various methods of education) as most important. Here also can be
noted for the sub- sample groups as well that all assessments range above the theoretical mean values

of 3,5.

The assessments are statistically significant between Concept A/ Concept B and Concept A/ Concept C

(scientists assessment).

With regard to the sub-sample groups’ assessment, statistically significant difference appears only

between Students/Teachers (Concept C).
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SCIENTISTS

Concept C

OTHERS

In the following part, the general practice assessments by the different sub-sample groups
are presented. Table 26 shows the results of these assessments and the results from the

significance test with respect to differences between the assessments of the difference
concepts (Wilcoxon signed-rank test) for ISU sample. Table 27 shows in addition the
results from the significance test with respect to differences between the assessments by
the different sub- sample groups (Mann-Whitney-U-Test). The mean values of the
priority assessments by the different sub-sample groups are also illustrated in Figure 13

(ISU).
Mean values Significance values
Educational Concept A: Concept B: Concept C: Average
level of all three
Awareness of the | Intellectual General science- concepts
sciences in social | educationin related education
and scientific contexts of and facilitation of
contexts in both scientific student’s interest
educational and inquiry, in contexts of AlB AIC BIC
out-of-school development | everyday life using
settings of general modern and
skills and various methods of
occupation education
Students 2,4 2,7 2,8 2,6 0,197 0,171 0,623
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Teachers 2,6 2,7 2,9 2,7 0,454 0,020 0,206
Education

Researchers 2,8 2,6 2,6 2,7 0,414 0,480 1,000
Scientists 2,6 2,5 2,4 2,5 0,439 0,212 0,527
Others 2,6 3,0 2,4 2,7 0,157 0,564 0,257

Table 26. Mean values of the general practice assessments by the sub-sample groups and significance test values
(Wilcoxon signed-rank test), ISU

Significance values
Concepts

SIT S/IE S/Sc S/O T/IE | T/sc | T/IO E/Sc E/O Sc/O

Concept A:

Awareness of the sciences in
social and scientific contexts in .590 181 241 433 | 454 | 706 | .800 .594 .688 .969
both educational and out-of-
school settings

Concept B:

Intellectual education in
contexts of scientific inquiry, 725 | 871 | 761 | 378 | .744 | 363 | 521 | 574 | 284 | .129
development of general skills

and occupation

Concept C:

General science-related
education and facilitation of
student’s interest in contexts of
everyday life using modern and
various methods of education

711 .664 196 482 | .231 | .009 | .137. | .343 .629 .838

Number of statistically significant
differences

> 1

Table 27. Significance test values (Mann-Whitney-U-Test) of the general practice assessments by the sub-
sample groups, ISU

It is noticeable for all three concepts that all groups assess all three concepts with the values,
close to each other. For the scientist and group “others” Concept C deviate to rather lower
values, but for group “others” seem to assess the realization of Concept B in a more positive
way.
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It can be noted that in the same way as in the total sample, the assessments of the sub-
sample groups feature no mean value above the theoretical mean value of 3,5.

The five sub-sample groups seem to be very homogeneous in their assessments of

the realization of the three concepts, as the significance test shows only statistically
significant difference between the assessments of Concept A / Concept C by the teachers.
The homogeneity of the priority assessments is also shown by the results of the Mann-
Whitney U test. The results of the Mann-Whitney U test shows that statistically significant
difference appears only between Teachers/Scientists (Concept C).
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—+—Concept A —#—ConceptB Concept C

Figure 13. Main value of the general practice assessments by the sub-sample groups, ISU

Table 28 shows the results of the same assessment for FUB sample and the results from the
significance test with respect to differences between the assessments of the difference
concepts (Wilcoxon signed-rank test). Table 29 shows in addition the results from the
significance test with respect to differences between the assessments by the different sub-
sample groups (Mann-Whitney-U-Test). The mean values of the priority assessments by the
different sub-sample groups are also illustrated in Figure 14 (FUB).

Mean values Significance values

Educational Concept A: Concept B: Concept C: Average
level Awareness of the | Intellectual General of all three

sciences in education in sciencerelated concepts

current, interdisciplin Education and A/B A/C B/C

social, globally ary facilitation of

relevant and scientific interest in

occupational contexts contexts
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contexts relevant of nature,

in everyday

both educational life and living

and out-of- environment

school

settings
Students 3,1 3,2 3,1 3,1 0,405 1,000 0,467
Teachers 2,5 2,7 2,8 2,7 0,157 0,083 0,414
Education
Researchers 2,6 2,3 2,5 2,5 0,257 0,564 0,414
Scientists 2,4 2,5 2,7 2,5 0,564 0,034 0,206
Others 2,2 3,0 2,4 2,5 0,102 0,564 0,317

Table 28. Mean values of the general practice assessments by the sub-sample groups and significance test values
(Wilcoxon signed-rank test) FUB

Significance values

Concepts
SIT SIE S/ISc SIO | TIE | Tilsc | T/O E/Sc E/O Sc/O

Concept A:

Awareness of the sciences in current,
social, globally relevantand 081 | 202 | 030 | 043 | ©3 | 668 | 350 | 356 | 151 | 523
occupational contexts relevant in 7
both educational and out-of-school

settings

Concept B:

Intellectual education in 086 | 018 | 024 | 636 | %2 | 436 | 411 | 598 | 095 | .200
interdisciplinary scientific contexts 7

Concept C:

General sciencerelated Education
and facilitation of interest in
contexts 475 .154 217 .254 ' .665 497 .666 | 1.000 .698
of nature, everyday life and living
environment

Number of statistically significant
differences

> 4

Table 29. Significance test values (Mann-Whitney-U-Test) of the general practice assessments by the sub-
sample groups, FUB

It is noticeable for all three concepts that the group of scientists deviate to rather lower

values whereas the group of teachers seems to assess the realization in a more positive
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way. It is also visible that the students’ values are higher than other groups. It can be noted
that in the same way as in the total sample, the assessments of the sub-sample groups feature
no mean value above the theoretical mean value of 3,5.

The five sub-sample groups seem to be very homogeneous in their assessments of the
realization of the three concepts of FUB, as the significance test shows only statistically
significant difference between the assessments of Concept A / Concept C by the scientists.
With regard to the sub-sample groups’ assessment, statistically significant difference appears
for Students/Science Educators (Concept A), Students/Scientists (Concept A and Concept B)
and Students/Others (Concept A).

6.0
5.0
40
3.0 n—_ S /I
2.0
1.0
STUDENTS TEACHERS EDUCATION SCIENTISTS OTHERS
RESEARCHERS
—&— Concept A ——Concept B Concept C

Figure 14. Main value of the general practice assessments by the sub-sample groups, FUB

5.3.3 Priority-practice differences

In the following part, the general priority-practice differences of the different sub-sample
groups are presented. Table 30 shows the results of these assessments and the results from
the significance test with respect to differences between the assessments of the difference
concepts (Wilcoxon signed-rank test). Table 31 shows in addition the results from the
significance test with respect to differences between the different sub-sample groups
(Mann-Whitney-U-Test). The mean values of the priority-practice differences of the

different sub-sample groups are also illustrated in Figure 15.
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Significance values
Mean values

Educational Concept A: Concept B: Concept C: Average
level of all three

Awareness of the Intellectual General science- concepts

sciences in social education in related education

and scientific contexts of and facilitation of

contexts in both scientific student’s interest in

. o A/B A/IC B/C

educational and inquiry, contexts of

out-of-school development everyday life using

settings of general skills | modern and various

and occupation | methods of
education

Students 1,4 1,6 1,8 1,6 0,420 0,254 0,575
Teachers 1,9 2,3 2,5 2,2 0,046 0,022 0,439
Education
Researchers 0,9 2,1 2,8 19 0,031 0,011 0,112
Scientists 1,9 2,4 2,5 6,8 0,135 0,078 0,597
Others 2,0 1,2 3,0 2,1 0,257 0,102 0,102

Table 30. Mean values of the general priority-practice differences of the sub-sample groups and significance test
values (Wilcoxon signed-rank test) ISU

Concepts

Significance values

SIT SIE

S/Sc S/O T/E T/sc

T/O

E/Sc

E/O

Sc/O

Concept A:

Awareness of the sciences in
social and scientific contexts in
both educational and out-of-
school settings

.263 .305

.209 382 | .065 | .934

972

.048

.067

.889

Concept B:
Intellectual education in contexts
of scientific inquiry, development

of general skills and occupation

.259 .636

.168 .649 | .763 | .989

197

.619

377

138

Concept C:

General science-related education
and facilitation of student’s
interest in contexts of everyday
life using modern and various
methods of education

.182 118

.145 147 | 437 | 844

.380

.520

.798

480
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Number of statistically significant
differences

> 1

Table 31. Significance test values (Mann-Whitney-U-Test) of the general priority-practice differences of the
sub-sample groups, ISU

It is visible that the smallest gap between the priority and practice assessments for ISU
sample appears in the group of Education Researchers (Concept A). The largest gaps
between priority and practice assessments appear in the group of “others” (Concept C).
Statistically significant differences appear between Concept A/Concept B and Concept
A/Concept C for Teachers and Education Researchers.

With regard to the sub-sample groups’ assessment, statistically significant difference
appears for Education Researchers/Scientists (Concept A).

PRIORITY-PRACTICE
DIFFERENCES

—+—Concept A —#— ConceptB Concept C

Figure 15. Main value of the general priority - practice differences in the general assessments by the sub-sample
groups, ISU

Table 32 shows the results of these assessments and the results from the significance test
with respect to differences between the assessments of the difference concepts (Wilcoxon
signed-rank test) for FUB sample. Table 33 shows in addition the results from the
significance test with respect to differences between the different sub-sample groups
(Mann-Whitney-U-Test). The mean values of the priority-practice differences of the
different sub-sample groups are also illustrated in Figure 16 for FUB.
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Significance values
Mean values

Educational Concept A: Concept B: Concept C: Average
level Awareness of the | Intellectual General of all three

sciences in education in sciencerelated concepts

current, interdisciplinary Education and

social, globally scientific facilitation of

relevant. and contexts interest in A/B AIC B/C

occupational contexts

contexts relevant of nature,

in everyday

both educational life and living

and out-of-school environment

settings
Students 1,0 1,3 15 1,3 0,321 0,471 0,554
Teachers 2,0 2,2 2,5 2,2 0,248 0,064 0,096
Education
Researchers 14 2,3 2,5 2,1 0,038 0,056 0,414
Scientists 2,0 2,2 2,2 2,1 0,232 0,221 1,000
Others 2,2 1,6 3,0 2,3 0,317 0,102 0,102

Table 32. Mean values of the general priority-practice differences of the sub-sample groups and significance test
values (Wilcoxon signed-rank test), FUB

Concepts

Significance values

SIT SIE

S/Sc S/O

T/IE | Tisc

T/O

E/Sc E/O

Sc/O

Concept A:

Awareness of the sciences in current,
social, globally relevant and
occupational contexts relevant in both
educational and out-of-school settings

.068 551

.066 79

240 | 989

.798

.250 .245

.790

Concept B:
Intellectual education in
interdisciplinary scientific contexts

.030 .042

.043 726

.868 | 1.000

.304

.880 .289

371

Concept C:

General sciencerelated Education and
facilitation of interest in contexts

of nature, everyday life and living
environment

.043 .049

.077 072

.891 | .598

537

725 .546

335

Number of statistically significant
differences

x

5

Table 33. Significance test values (Mann-Whitney-U-Test) of the general priority-practice differences of the

sub-sample groups, FUB
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For all three concepts, the smallest gaps between the priority and practice assessments
appear in the group of students. The smallest gap between the priority and practice
assessments for FUB sample appears in the group of Students (Concept A). The largest gap
between priority and practice assessments appears in the group of others (Concept C).
Statistically significant differences appear between only Concept A/Concept B for
Education Researchers.

With regard to the sub-sample groups’ assessment, statistically significant difference
appears for Student/Teachers, Students/Education Researchers for the Concept B and
Concept C and Student/Scientists for Concept B.

PRIORITY-PRACTICE DIFFERENCES

3.5
3.0
2.5
2.0
15
1.0
0.5

0.0
STUDENTS TEACHERS EDUCATION SCIENTISTS OTHERS
RESEARCHERS

—&— Concept A ——Concept B Concept C

Figure 16. Main value of the general priority - practice differences in the general assessments by the sub-sample
groups, FUB

534 Summary

The general assessments of the three concepts by the different sub-sample groups mainly
reflect the tendencies of the general assessment by the total sample. With regard to the
different sub-samples, it can be concluded that the concept referring to general science-
related education is seen by the sub-sample groups as the most important.

The practice assessments show a very homogeneous picture for all three concepts being not
very much realized in science education.

The priority-practice differences show that in present science educational the three concepts
fall short of their given priority regarding all sub-sample groups.

The smallest gap between the priority and practice assessments sample appears in the group
of Education Researchers and Students for Awareness of the sciences in social and scientific
contexts. The largest gaps between priority and practice assessments appear in the group of
others for General science related Education.
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6. Summary and outlook

In the course of the third round of the PROFILES Curricular Delphi Study on Science
Education in Georgia, all participants who took part in the second round (N = 83) were asked
to assess from two perspectives, three empirically based concepts of science education that
were derived from the hierarchical cluster analyses in round 2 of PROFILES Curricular
Delphi Study on Science Education in Georgia at Ilia State University and in Germany at
Freie Universitaet Berlin. The participants were asked to prioritize the given concepts for
science education and to differentiate them according to different educational levels.

In the third round participated 75 stakeholders.

The participants considered all three given concepts as relevant and important for science
education. Hence, the concepts developed in the course of the hierarchical cluster analyses
in the second round seem to be sound with respect to identifying concepts of desirable
science education. As the procedure and development over the three rounds shows, essential
aspects of desirable science education cannot be identified only by open questions (as done
in the first round). In order to gain a clearer picture, it is necessary to have the categories
that were systematically identified in the first round by the participants, to be assessed more
precisely (as done in the second round). By presenting results from the second round to the
participants in the third round, it was possible to gain further insights into the participants’
assessments with regard to empirically desirable concepts of science education.

This third round has given insight and findings with regard to the question of how the three
concepts are assessed both in priority and in practice, both for science education in
general and differentiated according to different educational levels.

As all the concepts are assessed as being important — with varying emphasis — it seems that
the combination of the three concepts would account for desirable and meaningful science
education in terms of “Education through Science”.

The findings of this round point out several deficiencies seen by the participants between
the importance of the concepts of desirable science education and their respective
realization in educational practice. An awareness and consideration of the outcomes of this
study can serve and enhance the preparation of PROFILES’ continuous teacher training
courses, focusing on an uptake of innovative science teaching and an enhancement of
scientific literacy (PROFILES Consortium, 2010).
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8.1 Questionnaire of the third round of the PROFILES Curricular Delphi Study on
Science Education, Georgian version, ISU Template
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8.2 Questionnaire of the third round of the PROFILES Curricular Delphi Study on
Science Education, Georgian version, FUB Template
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