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1 Introduction  

The overall objective of the PROFILES Curricular Delphi Study on Science Education is to engage 

as many as possible different stakeholders (students, science teachers, sceince teachers 

educators, scientists, school polititions…) as experts. These experts should reflect on contents 

methods, and aims of science education in general as well as in outlining aspects and approaches 

of modern and desirable science education such as Inquiry Bases Science Education. The 

PROFILES Curricular Delphi Study on Science Education thus aims at illustrating contours of 

desirable science education in the opinions of different selected groups from society. The 

outcomes of this study will be used to prepare continuous teacher training courses (WP5) 

“aiding the implementation and dissemination of PROFILES ideas, intentions and objectives to 

facilitate the uptake of innovative science teaching and the enhancement of scientific literacy” 

(PROFILES Consortium, 2010, p. 20).  

Hence, the main and general focus of the PROFILES Curricular Delphi Study on Science Education 

is on aspects of science education that are considered relevant and pedagogically desirable for 

the individual in the society of today and in the near future (Schulte & Bolte, 2011a).  

 

In the first interim report on the UL PROFILES Curricular Delphi Study on Science Education, the 

framework, aims, structure, concepts and methods of this study as well as the results from the 

first round of this study were presented (Devetak, 2012).  

The second round of the PROFILES Curricular Delphi Study on Science Education is about 

considering and reflecting – also critically – the findings from the first round which resulted from 

the analyses of the individually formulated responses of the participants. For this purpose and in 

accordance with the Delphi method, the categories that were established in the course of the 

analyses of the first round are fed back to the participants in the second round and combined 

with specific tasks and questions. 

Subject of the second round is the identification of aspects and fields where priority and 

realization in science education practice drift apart in the opinions of the participants. Another 

subject of the second round is to identify – by means of cluster analyses – empirically based 

conceptions regarding desirable and contemporary science education that the participants 

consider as important and relevant (Schulte & Bolte, 2011b). 

The framework, the procedure and the results of the second round of the UL PROFILES Curricular 

Delphi Study on Science Education will be presented in this interim report. 

 

2 Leading questions of the second round  

Two parts of results are presented in the second interim report of the Delphi Study on 

Science Education. According to this two types of research questions can be asked: 

 

Questions of part I:  

1. Which priorities regarding aspects of desirable science education can be derived from 

the participants’ responses?  
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2. To what extent are the respective aspects in the participants’ opinions realized in 

science education practice?  

3. What kind of priority-practice differences can be identified in the participants’ 

assessments?  

 

Question of part II:  

1. What kind of empirically based conceptions regarding desirable and contemporary 

science education can be identified on the basis of the participants’ statements?  

 

With reference to the differentiations already administered in the first round, these 

questions are considered both regarding the total sample and the differences between the 

sample groups that are considered in the course of the PROFILES Curricular Delphi Study on 

Science Education (students, teachers, education researchers and scientists).  

 

3 Design of the questionnaire and method of data analysis  

Following the curricular Delphi method, we sent to all participants from the first round of 

the UL PROFILES Curricular Delphi Study on Science Education a two-part questionnaire with 

a list of categories regarding desirable science education that were identified in the course 

of the first round, the respective questions and a glossary with a description and explanation 

of the categories.  

3.1 Questionnaire and data analysis of part I  

In part I of round 2, the participants were asked to assess the categories established in the 

course of the first round analyses of the UL PROFILES Curricular Delphi Study on Science 

Education from two different perspectives. On the one hand they were asked to prioritize 

the given categories and on the other hand to assess to what extent the aspects expressed 

by the categories are realized in science education practice.  

 

For the assessment of the categories, the participants were in part I of the questionnaire 

presented with a six-tier scale. The coding of the answers, following the six-tier scale, ranged 

from 1 to 6 (1: “very low priority” / “to a very low extent”; 2: “low priority” / “to a low 

extent”; (3: “rather low priority” / “to a rather low extent”; 4: “rather high priority / to a 

rather high extent”; 5: “high priority” / “to a high extent”; 6: “very high priority” / “to a very 

high extent”). The precise wording of the task, the questions and an example regarding the 

scale of part I of the questionnaire are shown in Figure 1.  
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The data in part I of the round 2 questionnaire was analysed through descriptive and 

between group comparison of mean values. The analyses took into account both the priority 

and practice assessments individually as well as the priority-practice differences by 

subtracting the practice values from the priority values. 

 

3.2 Questionnaire and data analyses of part II  

As scientific literacy is a complex construct, its enhancement is thus not possible by referring 

to the different aspects only individually. Promoting scientific literacy is only possible if the 

complexity of the scientific literacy construct is accounted for in content, method and 

conception. Therefore, the empirically identified aspects need to be considered in relation to 

content, method and conception. The UL PROFILES Curricular Delphi Study on Science 

Education accounts for these considerations in part II of the second round.  

 

In order to identify concepts regarding science education that are considered important, the 

participants were in part II of round 2 asked to combine from the given set of 94 categories 

those categories that seem especially important to them in their combination. The precise 

wording of the task and the questions in part II of the questionnaire are shown in Figure 2. 

The data of part II of the round 2 questionnaire was analyzed by means of hierarchical 

cluster analyses, using the Ward method and squared Euclidian distance. 

 

Part I: 

 Situations, contexts and motives 

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

Which priority should the respective 
aspects have in science education?   

To what extent are the respective 
aspects realized in current science 
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 

Education / general pers. development [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Emotional personality development [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Intellectual personality development [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Students' interests [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Curriculum framework [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Out-of-school learning [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Media / current issues [1]     [2]     [3]     [4]     [5]      [6] [1]     [2]     [3]     [4]     [5]      [6] 

Figure 1: Extract from part I of the UL questionnaire of the second round 
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Please use the following form sheet(s) to group 4 to 20 categories into combinations that you 
consider especially relevant. You can use between 1 and 10 form sheets for your combinations.  

Categories of  

part I  

(Situations, contexts and motives 

that can be taken as a basis to 

stimulate science-related 

educational processes)  

Categories of  

part IIa  

((Basic) concepts and topics that 

should be taught in science 

lessons)  

Categories of  

part IIb   

(Fields and perspectives from 

which science-related issues can 

be considered)  

Categories of  

part III  

(Qualifications that can be 

enhanced through engaging in 

the sciences)  

 Education / general pers. 

development 

 Emotional personality 

development  

 Intellectual personality 

development 

 

 Students' interests 

 Curriculum framework 

 Out-of-school learning 

 Media / current issues 

 

 Nature / natural phenomena 

 Everyday life 

 Medicine / health 

 Technology 

 Society / public concerns 

 Global references 

 Occupation / career 

 

 Science - biology  

 Science - chemistry 

 Science - physics 

 Science – interdisciplinarity 

 Relevantly educated 

teachers 

 Good lesson material 

 Visualisation/models 

/modeling 

 Well equipped classrooms 

 Matter / particle concept 

 Structure / function / 

properties 

 Chemical reactions 

 Energy 

 System 

 Interaction 

 Development / growth 

 Models 

 Terminology 

 Scientific Inquiry 

 Limits of scientific 

knowledge 

 

 Cycle of matter 

 Food / nutrition 

 Health / medicine 

 Matter in everyday life 

 Technical devices 

 Environment 

 Industrial processes 

 Safety and risks 

 Occupations / occupational 

fields 

 Botany 

 Zoology 

 Human biology 

 Genetics / molecular 

biology 

 Microbiology 

 Evolutionary biology 

 Neurobiology 

 Ecology 

 Inorganic chemistry 

 Organic chemistry 

 Analytical chemistry 

 Biochemistry 

 Mechanics 

 Electrodynamics 

 Thermodynamics 

 Atomic / nuclear physics 

 Astronomy / space system 

 Earth sciences 

 Mathematics 

 Interdisciplinarity 

 Current scientific research 

 Consequences of technol. 

Developments 

 History of the sciences 

 Ethics / values 

 Forensic science 

 Art and science 

 Science and sports 

 Science and free time 

 Empathy / sensibility 

 Motivation and interest 

 Critical questioning 

 Acting reflectedly and 

responsibly 

 Knowledge about science-

related occupations 

 (Specialized) knowledge 

 Comprehension / 

understanding 

 Applying knowledge,  

thinking creatively / 

abstractly 

 Judgement /opinion-

forming / reflection 

 Finding information 

 Reading comprehension 

 Communication skills 

 Social skills / teamwork  

 Perception / awareness 

 Formulating scientific 

questions / hypotheses 

 Experimenting 

 Rational thinking / 

analysing / drawing 

conclusions 

 Working self-dependently / 

structuredly / precisely 

 Competence for modelling 

 Competence for health care 

 Science literacy 

 Environmental competence 

 Understanding history of 

science 

 Understanding of (basic) 

science phenomenon at 

home 

Please note: every category combination should contain at least one and at most five categories per column. 

 
 
 

 

  

Figure 2: Design of part II of the UL questionnaire of the second round. 
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4 Data collection and sample of the second round of the UL 
PROFILES Curricular Delphi Study on Science Education  

As it goes with the DELPHI studies only the 117 stakeholders who participated in the first 

round of the UL PROFILES Curricular Delphi Study on Science Education were asked in 

electronic form to fill out the PROFILES Delphi questionnaire of the second round between 

October 2011 and February 2012.  

 

Table 1 shows the UL sample structure and participation rate with regard to the drop-out 

between the first and the second round. It can be seen that out of the 117 participants from 

the first round, a total number of 63 participants (53.8% of the participants from the first 

round) took part in the second round. 

 

Sample group 
Number of responses Participation rate 

 Round 1 Round 2 

Students 26 4 15.4% 

Teachers 

Education 
Students 

3 

59 

2 

28 

66.7% 

47.5% 
Trainee 
Teachers 

9 4 44.4% 

Teachers 15 12 80.0% 

Teacher 
Educators 

12 10 83.3% 

Educators, didactics, 
and in-service teacher 
educators 

20 16 80.0% 

Scientists 24 11 45.8% 

Education Politicians 8 4 50.0% 

Total 117 63 53.8% 

 
It can be seen that the highest drop-out was in the group of students where just 15.4% took 

part in the second round. The highest participation rate in the second round was amongst 

educators, didactics and in-service teacher educators, 80.0%. The other groups drop-out was 

around 50.0%. So we can't be very satisfied with the second round response. We reminded 

the participants to fill the questionnaire three times but the response was low. 

 

A detailed overview of the sample structure of the second round of the UL Curricular Delphi 

Study on Science Education is shown in Table 2.  

 
 
 

Table 1: Sample structure and response rate of the second round of the UL PROFILES 
Curricular Delphi Study on Science Education. 
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Group Subgroup Number 
Total 

number 
Percentages 

Students 

students at school without advanced 
science courses 

3 
4 6.3% 

students at school with advanced sciences 
courses 

1 

 

Science 
teachers 

Science education students at university  2 

28 44.4% 
Trainee science teachers  4 

Science teachers  12 

Trainee science teacher educators  10 

 

Educators, didactics, and in-
service teacher educators  

Chemistry 3 

16 25.5% 

Physics 3 

Biology 2 

Geography 3 

General science 5 

 

Scientists 

Chemistry 4 

11 17.5% 
Physics 2 

Biology 3 

Others 2 

 

Education politicians   4 6.3% 

 

Total 63 100.0% 

 

We can see that the lowest number of participants was in students and education politicians 

group, just 4 (6.3% of the whole sample) of them returned the questionnaire. Almost half of 

the participants (44.4%) were science teachers, a quarter (25.5%) of the whole sample 

presented the educators, didactics, and in-service teacher educators. 11 (17.5%) participants 

were from the scientists group.  

 

  

Table 2: Detailed sample structure of the second round of the UL Curricular Delphi Study on 
Science Education  
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5 Results  

5.1 Results part I  

In the following parts, selected results from the descriptive-statistical analyses with regard to 

the priority assessments are shown. The descriptive analyses were made on the data basis of 

the five different sample groups (students, teachers, educations researchers, scientist and 

education politicians) and between group analyses were made on the data basis of the five 

different sample groups (students, teachers, educations researchers and scientist). The 

following descriptions will focus on the responses of the total sample as well as on the five 

sample groups.  

5.1.1 Priority assessments of the total sample and the different sample groups  

In Table 3, first insights into the results of the priority assessments of the total sample are 

displayed. The table shows those categories that feature particularly high or particularly low 

mean values with regard to the total sample, listing the top ten and low ten categories in 

descending order. We can see that the highest mean value of the total sample is for the 

category Relevantly educated teachers and the lowest for Learning in mixed-aged classes.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 3: Top ten and low ten categories of the priority assessments by the total sample 

Relevantly educated teachers 5.45 

Applying knowledge, thinking creatively / abstractly  5.43 

Inquiry-based science learning 5.37 

Comprehension / understanding 5.33 

Science literacy 5.32 

Reading comprehension 5.24 

Finding information 5.22 

Good lesson material 5.21 

Problem solving 5.21 

Judgement /opinion-forming / reflection 5.18 

… … 

Botany 3.82 

Analytical Chemistry 3.82 

Atomic / nuclear physics 3.79 

Understanding history of science 3.77 

Forensic science 3.68 

Learning with portfolio 3.68 

History of the sciences 3.63 

Role play 3.57 

Neurobiology 3.53 

Learning in mixed-aged classes 3.19 
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The following tables (Table 4 to Table 8) show a comparison of the mean values of the 

different sample groups and the values of the significance test (Mann-Whitney Test) 

regarding the comparisons of the mean values in the different sample groups.  

 

The significance test values indicating statistically significant differences are displayed in 

bold. The tables are divided into different parts according to the different parts of the 

category system: contexts, motives and situations (Table 4), basic concepts and topics (Table 

5), fields and perspectives (Table 6), qualifications (Table 7) and methods (Table 8).  

 

Apart from some exceptions, it can be seen that the different sample groups generally 

consider the same categories as relevant and important. However, as the tables also show, 

the mean values differ in a number of pair comparisons among the sample groups in a 

statistically significant way from each other.  

 

In all between groups comparisons there are 50 statistically relevant differences. The highest 

number of statistically relevant differences is between the group of students and other 

groups. There are 17 significant differences of categories between students and teachers, 11 

between students and educators and 16 between students and scientists. That is 44 

together what makes 88% of all significant differences. We find only one significant 

difference between teachers and educators – that is in category of regarded qualification: 

(Specialized) knowledge. 3 significant differences are found between teachers and scientists 

– 2 in the question concerning basic concepts and topics – cycle of matter and food/nutrition 

and 1 in the question regarding fields and perspectives – current scientific research. 

Between educators and scientists we find 2 significant differences in the question regarding 

methods – lectures/explanations in class and testing (pre)knowledge.  

 

Students significally differ with all three other groups in category every day life in the 

question regarding context, motives and situation; system and interaction in the question 

regarding basic concepts and topics; ecology in the question regarding fields and 

perspectives and critical questioning, science literacy and environmental competence in 

question regarding qualification. In 6 categories all together.  
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Table 4: Significance test values (Mann-Whitney Test) and mean values of the priority 
assessments by the different sample groups and the total sample concerning situations, 
contexts and motives. 

Categories regarding contexts, 
motives and situations 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Education / general pers. 
development 

.284 .413 .199 .599 .119 .121 4.00 5.03 4.88 5.40 5.25 5.02 

Emotional personality 
development 

.242 .807 .838 .059 .076 .879 4.00 4.60 3.81 3.91 4.25 4.22 

Intellectual personality 
development 

.117 .218 .252 .966 .927 .958 4.25 5.19 5.06 5.00 5.25 5.06 

Students' interests .810 .475 .285 .410 .189 .555 4.75 4.57 4.38 4.18 4.50 4.46 

Curriculum framework .365 .624 .457 .658 .587 .443 4.00 4.36 4.13 4.55 5.25 4.37 

Out-of-school learning .148 .253 .247 .956 .567 .701 5.00 4.33 4.27 4.45 4.25 4.38 

Media / current issues .540 1.00 .148 .330 .559 .111 4.00 4.26 3.88 4.55 4.25 4.19 

Nature / natural phenomena .020 .131 .048 .507 .411 .934 4.25 5.26 4.87 5.09 4.75 5.03 

Everyday life .010 .040 .012 .153 .288 .653 3.50 5.14 4.69 4.91 4.50 4.84 

Medicine / health .905 .567 .720 .527 .331 .107 4.75 4.75 4.56 5.09 4.00 4.71 

Technology .260 .375 .194 .807 .499 .413 3.75 4.50 4.31 4.73 5.00 4.47 

Society / public concerns .255 .682 .786 .288 .224 .671 4.00 4.69 4.25 4.18 4.00 4.40 

Global references .091 .264 .071 .192 .631 .345 4.00 4.89 4.50 4.82 4.67 4.71 

Occupation / career .878 .922 .834 .745 .801 .603 4.50 4.59 4.31 4.64 3.75 4.47 

Science - biology 1.00 .806 1.00 .596 .811 .813 4.75 4.81 4.63 4.82 5.00 4.77 

Science - chemistry .672 .961 .886 .472 .576 .855 4.75 4.86 4.50 4.73 5.00 4.75 

Science - physics .309 .461 .163 .847 .413 .405 4.25 4.75 4.50 5.00 4.75 4.70 

Science - interdisciplinarity .080 .099 .267 .958 .335 .330 4.25 5.14 5.06 4.82 5.00 5.00 

Relevantly educated teachers .194 .226 .051 .942 .192 .264 4.75 5.43 5.40 5.73 5.75 5.45 

Good lesson material .036 .172 .073 .302 .932 .486 6.00 5.12 5.25 5.18 5.25 5.21 

Visualisation/models/modeling .237 .473 .190 .595 .748 .487 4.67 5.07 4.81 5.18 5.50 5.03 

Well equipped classrooms .006 .079 .079 .887 .104 .316 3.75 5.04 4.81 4.55 4.75 4.79 

Number of statistically 
significant differences  

4 1 2 0 0 0 
/ 

ΣP  7 
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Categories regarding basic 
concepts and topics 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Matter / particle concept .006 .066 .013 .630 .346 .786 3.00 4.64 4.40 4.36 4.50 4.44 

Structure / function / properties .123 .165 .021 .237 .116 .885 4.00 4.61 4.93 5.00 5.25 4.77 

Chemical reactions .471 .899 .717 .140 .455 .534 4.33 4.68 4.13 4.45 5.00 4.51 

Energy .068 .338 .103 .338 .297 .889 4.00 4.79 4.47 4.55 5.00 4.64 

System .005 .041 .014 .071 .377 .452 3.00 4.82 4.20 4.55 5.50 4.57 

Interaction .019 .023 .045 .771 .686 .553 4.00 5.11 5.07 5.00 5.75 5.07 

Development / growth .207 .437 .296 .311 .560 .726 4.00 4.70 4.40 4.55 5.50 4.62 

Models  .056 .022 .011 .409 .389 .975 3.67 4.68 4.80 4.91 5.00 4.72 

Terminology .144 .237 .289 .417 .495 .797 3.67 4.57 4.37 4.36 4.00 4.40 

Scientific inquiry .282 .449 .713 .836 .222 .448 4.67 5.11 5.00 4.82 5.75 5.05 

Limits of scientific knowledge .209 .207 .177 .978 .790 .778 3.67 4.46 4.47 4.45 4.00 4.39 

Cycle of matter .209 .333 .915 .315 .019 .095 4.50 5.11 4.93 4.45 5.75 4.97 

Food / nutrition .479 .259 .120 .171 .010 .178 5.33 5.04 4.69 4.36 5.50 4.87 

Health / medicine .686 .440 .446 .242 .269 .956 5.33 5.25 4.94 5.00 5.50 5.15 

Matter in everyday life .670 1.00 .294 .542 .079 .144 5.00 5.11 5.00 4.55 5.75 5.02 

Technical devices .490 .662 .498 .679 .973 .760 4.00 4.41 4.27 4.36 4.75 4.37 

Environment .887 .675 .498 .595 .351 .727 5.00 5.07 5.12 5.36 5.50 5.16 

Industrial processes  .125 .101 .048 1.00 .263 .222 3.00 4.00 4.00 4.36 4.00 4.02 

Safety and risks .228 .250 .617 .957 .212 .227 4.00 4.71 4.67 4.27 5.50 4.64 

Occupations / occupational fields .608 .383 .257 .349 .166 .628 5.00 4.70 4.38 4.18 4.75 4.54 

Number of statistically significant 
differences  

3 3 6 0 2 0 
/ 

ΣP  14 

 
 
  

Table 5: Significance test values (Mann-Whitney Test) and mean values of the priority 
assessments by the different sample groups and the total sample concerning basic concepts 
and topics. 
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Categories regarding fields and 
perspectives 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Botany .264 .258 .264 .801 .770 .528 3.25 3.88 3.87 3.82 3.75 3.82 

Zoology .196 .378 .242 .893 .944 .937 3.50 4.00 3.87 4.00 4.25 3.95 

Human biology .062 .136 .060 .519 .612 .375 3.25 4.41 4.19 4.64 5.50 4.39 

Genetics / molecular biology .008 .004 .070 .556 .226 .081 2.75 4.19 4.31 3.64 4.75 4.06 

Microbiology .047 .098 .539 .724 .078 .196 3.00 4.19 4.07 3.36 4.00 3.92 

Evolutionary biology .252 .243 .156 .848 .240 .331 3.67 4.38 4.44 4.73 5.50 4.50 

Neurobiology .293 .371 .871 .812 .173 .297 3.00 3.67 3.56 3.09 4.33 3.53 

Ecology .010 .028 .014 .873 .418 .563 3.00 5.07 4.94 4.91 5.50 4.93 

Inorganic chemistry .079 .422 .275 .072 .079 .954 3.75 4.61 4.00 4.09 4.25 4.29 

Organic chemistry .034 .121 .109 .078 .126 .979 3.33 4.68 4.06 4.18 4.50 4.35 

Analytical Chemistry .473 .957 .637 .345 .119 .652 3.75 4.07 3.73 3.55 3.25 3.82 

Biochemistry .172 .197 .589 .989 .409 .555 3.50 4.15 4.06 3.73 4.00 4.00 

Mechanics .442 .073 .076 .126 .095 .710 3.25 3.71 4.13 4.36 4.00 3.92 

Electrodynamics .288 .112 .171 .576 .604 .979 3.50 4.04 4.19 4.27 4.00 4.08 

Thermodynamics .397 .152 .271 .504 .719 .937 3.50 3.96 4.00 3.91 4.25 3.95 

Atomic / nuclear physics .511 .622 .945 .748 .159 .285 3.50 3.89 3.81 3.45 4.25 3.79 

Astronomy / space system .555 .762 .252 .577 .188 .123 4.25 4.00 4.13 3.55 3.50 3.94 

Earth sciences .269 .611 .452 .467 .987 .661 4.50 4.07 4.25 4.09 4.75 4.19 

Mathematics  .789 .549 1.00 .594 .730 .377 5.00 4.71 4.50 5.00 5.25 4.76 

Interdisciplinarity .698 .591 .873 .578 .295 .234 4.67 5.04 5.06 4.55 5.50 4.97 

Current scientific research .391 .759 .488 .403 .037 .127 4.25 4.74 4.50 3.91 4.50 4.48 

Consequences of technological 
Developments 

.124 .102 .198 .832 .840 .717 3.75 4.59 4.69 4.55 4.67 4.56 

History of the sciences .163 .211 .211 .557 .565 .894 4.33 3.54 3.63 3.73 3.50 3.63 

Ethics / values .888 1.00 1.00 .858 .947 .833 4.67 4.54 4.44 4.55 5.25 4.56 

Forensic science .120 .031 .064 .388 .469 .912 4.50 3.75 3.53 3.27 4.00 3.68 

Art and science .295 .249 .188 .862 .578 .698 4.50 3.86 3.73 3.55 4.25 3.84 

Science and sports .929 .671 .405 .691 .306 .441 4.25 4.21 4.07 3.82 4.50 4.13 

Science in free time .975 .960 .829 .947 .719 .731 4.25 4.22 4.13 4.36 5.00 4.26 

Number of statistically significant 
differences 

4 3 1 0 1 0 
/ 

ΣP  9 

 
  

Table 6: Significance test values (Mann-Whitney Test) and mean values of the priority 
assessments by the different sample groups and the total sample concerning fields and 
perspectives. 
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Categories regarding 
qualifications 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Empathy / sensibility .654 .397 .628 .622 .197 .128 4.00 4.32 4.33 3.73 5.50 4.27 

Motivation and interest .164 .392 .241 .363 .946 .540 4.25 5.29 4.94 5.27 5.75 5.16 

Critical questioning .004 .006 .005 .701 .403 .620 3.25 5.21 5.25 5.45 5.75 5.17 

Acting reflectedly and responsibly .540 .146 .467 .121 .959 .169 4.67 4.93 5.19 4.91 5.33 5.00 

Knowledge about science-related 
occupations 

.017 .216 .033 .066 .729 .082 3.67 4.96 4.31 5.00 4.75 4.72 

(Specialized) knowledge .666 .300 .637 .017 .204 .524 4.00 4.21 3.38 3.73 3.50 3.86 

Comprehension / understanding .349 .383 .284 .819 .666 .869 5.00 5.36 5.19 5.45 6.00 5.33 

Applying knowledge, thinking 
creatively / abstractly  

.216 .301 .070 .978 .241 .311 5.00 5.46 5.31 5.73 5.25 5.43 

Judgement /opinion-forming / 
reflection 

.101 .108 .026 .990 .667 .728 4.50 5.21 5.13 5.40 5.25 5.18 

Finding information .107 .084 .145 .496 .919 .663 4.50 5.25 5.31 5.27 5.25 5.22 

Reading comprehension .202 .223 .579 .989 .212 .232 4.75 5.33 5.25 5.00 5.75 5.24 

Communication skills .631 .921 .602 .491 .705 .747 4.75 4.96 4.75 4.91 5.67 4.92 

Social skills / teamwork  .650 .712 .728 .189 .792 .325 4.75 4.96 4.53 4.91 4.75 4.82 

Perception / awareness .784 .797 .890 .398 .597 .958 5.00 4.89 4.94 5.00 5.00 4.94 

Formulating scientific questions / 
hypotheses 

.628 .790 1.00 .716 .510 .806 4.75 4.96 4.67 4.73 5.50 4.87 

Experimenting .672 .653 .672 .897 .973 .916 5.25 5.07 5.00 5.09 5.50 5.10 

Rational thinking / analysing / 
drawing conclusions 

.565 .373 .469 .438 .700 .698 4.75 5.14 5.19 5.27 5.50 5.17 

Working self-dependently / 
structurally / precisely 

.568 .915 .890 .267 .686 .681 4.75 4.93 4.53 4.73 4.50 4.76 

Competence for modeling .902 .593 .531 .366 .323 .868 4.25 4.19 3.73 3.73 4.25 4.00 

Competence for health care .113 .278 .306 .777 .257 .499 4.00 4.89 4.69 4.55 5.75 4.77 

Science literacy .003 .009 .048 .585 .102 .081 4.25 5.48 5.37 5.09 5.75 5.32 

Environmental competence .020 .029 .046 .725 .494 .336 3.75 5.11 5.06 4.91 5.25 4.98 

Understanding history of science .679 .668 .528 .967 .665 .706 4.00 3.81 3.69 3.73 3.75 3.77 

Understanding of (basic) science 
phenomenon at home 

.072 .064 .211 .208 .723 .279 4.50 5.18 5.33 5.09 5.00 5.15 

Number of statistically significant 
differences 

4 3 5 1 0 0 
/ 

ΣP  13 

 
  

Table 7: Significance test values (Mann-Whitney Test) and mean values of the priority 
assessments by the different sample groups and the total sample concerning qualifications 
and attitudes. 
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Categories regarding methods 
Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Cooperative Learning .466 1.00 .742 .343 .156 .779 4.50 4.79 4.38 4.40 4.75 4.60 

Learning in mixed-aged classes .684 1.00 .413 .688 .236 .096 3.50 3.18 3.38 2.64 3.75 3.19 

Interdisciplinary learning .741 .688 .492 .270 .556 .214 5.00 4.79 5.00 4.64 5.00 4.84 

Inquiry-based science learning .801 .959 .886 .747 .823 .936 5.25 5.36 5.25 5.36 6.00 5.37 

Learning at stations .902 .845 .444 .646 .252 .722 4.50 4.54 4.31 4.20 4.33 4.41 

Role play .346 .357 .047 .837 .125 .278 4.25 3.67 3.56 3.00 3.75 3.57 

Discussion / debate .295 .297 .402 .959 .816 .751 5.25 4.68 4.69 4.73 4.75 4.73 

Using new media .686 .466 .492 .580 .086 .070 4.50 4.75 4.87 4.18 4.25 4.63 

Lectures/explanations in class .405 .098 .770 .174 .119 .012 4.50 3.96 3.50 4.64 4.00 4.00 

Searching for information in 
literature 

.239 .410 .225 .949 .455 .645 3.75 4.50 4.38 4.73 5.25 4.51 

Individual work .045 .061 .068 .948 .516 .510 4.00 5.04 4.94 4.91 5.25 4.94 

Experimental/project/practical 
work 

.027 .050 .158 .700 .237 .217 4.25 5.25 5.19 4.91 5.50 5.13 

Problem solving .093 .102 .167 .455 .698 .374 4.50 5.26 5.25 5.18 5.50 5.21 

Visualisation/modeling .926 1.00 .711 .969 .545 .810 4.75 4.75 4.56 4.82 5.00 4.73 

Enough Exercises for practising .101 .879 .021 .104 .331 .054 4.25 4.93 4.38 5.18 4.75 4.77 

Learning with conceptual 
networks 

.548 .548 .495 .980 .092 .144 4.00 4.29 4.19 3.64 4.75 4.16 

Learning with portfolio .792 .877 .591 .731 .429 .462 4.00 3.68 3.56 3.40 4.50 3.68 

Testing (pre)knowledge .383 .152 .565 .237 .062 .022 4.25 4.64 4.94 4.00 6.00 4.67 

Proper tasks for testing knowledge .195 .231 .615 .902 .243 .270 4.67 5.26 5.19 4.82 5.00 5.11 

Number of statistically significant 
differences 

2 1 2 0 0 2 
/ 

ΣP  7 

 
  

Table 8: Significance test values (Mann-Whitney Test) and mean values of the priority 
assessments by the different sample groups and the total sample concerning methods.  
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5.1.2 Practice assessments of the total sample and the different sample groups  

In the following part, selected results from the descriptive-statistical analyses of the practice 

assessments are shown and described. The descriptions will focus on an overview and a 

comparison of results regarding the total sample as well as the four different sample groups 

(students, teachers, educations researchers and scientists). 

 

Mathematics  4.74 

Lectures/explanations in 
class 

4.69 

Curriculum framework 4.51 

Chemical reactions 4.26 

Matter / particle concept 4.21 

Structure / function / 
properties 

4.16 

Inorganic chemistry 4.14 

Organic chemistry 4.08 

Environment 4.07 

Science - biology 3.93 

… … 

Current scientific research 2.42 

History of the sciences 2.39 

Learning with portfolio 2.38 

Role play 2.33 

Science in free time 2.28 

Science and sports 2.22 

Neurobiology 2.21 

Art and science 1.95 

Forensic science 1.91 

Learning in mixed-aged 
classes 

1.82 

 

Table 9 shows the ten highest and ten lowest mean values of the categories with regard to 

the practice assessments by the total sample. In the total sample the aspect that was 

assessed as most realized was mathematics (mean value 4.74), the next was lectures / 

explanations in class (mean value 4.69), third in the row was curriculum framework (mean 

value 4.51). The three lowest are Art and science (mean value 1.95), Forensic science (mean 

value 1.91) and learning in mixed-aged classes (mean value 1.82). 

 

The following tables (Table 11 to Table 14) show a comparison of the mean values of the 

different sample groups and the values of the significance test (Mann-Whitney test) 

regarding the comparisons of the mean values in the different sample groups (students, 

teachers, educators and scientists). Again, significance test values indicating statistically 

significant differences are displayed in bold. The tables are divided into different parts 

according to the different parts of the category system: contexts, motives and situations 

Table 9: Top ten and low ten categories of the practice assessments by the total sample. 
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(Table 10), basic concepts and topics (Table 11) Table 5, fields and perspectives (Table 12), 

qualifications (Table 13) and methods (Table 14).  

 

There are all together 94 statistically significant differences between all the groups. More 

that half of them (66%; 62) are between students and teachers (10; 10.6%), students and 

educators (35; 37.2%) and students and scientists (17; 18.1%). 19 (20.2%) significant 

differences are between teachers and educators, 7 (7.4%) between teachers and scientists 

and 6 (6.4%) between educators and scientists. Regarding parts of the questionnaire the 

highest number of statistically relevant differences are in part regarding methods (24).  

 

In three or more between groups comparison significant differences can be found in: 

question one (regarding context, motives and situation) – emotional personality 

development, global references, relevantly educated teachers; question two (regarding 

(basic) concepts and topics) – industrial processes and safety and risk; question regarding 

fields and perspectives – botany and zoology; question regarding qualification – competence 

for modeling; question regarding methods – learning in mixed-aged classes, interdisciplinary 

learning, experimental/project/practical work and learning with conceptual networks.  
 

Categories regarding contexts, 
motives and situations 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Education / general pers. 
development 

.569 .483 .822 .706 .676 .577 3.75 3.46 4.47 3.60 3.75 3.52 

Emotional personality 
development 

.023 .004 .023 .035 .687 .170 4.00 2.86 2.33 2.70 3.00 2.79 

Intellectual personality 
development 

.885 .785 .861 .464 .377 .590 3.67 3.85 3.64 3.60 3.75 3.74 

Students' interests .199 .178 .335 .130 .821 .103 4.33 3.07 2.67 3.20 3.50 3.08 

Curriculum framework .776 .394 .220 .220 .062 .446 5.00 4.82 4.43 4.10 3.25 4.51 

Out-of-school learning .153 .056 .089 .411 .415 .834 4.25 3.15 2.87 2.80 2.50 3.05 

Media / current issues .269 .032 .100 .124 .138 .721 3.75 3.18 2.67 2.40 2.75 2.93 

Nature / natural phenomena .593 .288 .047 .256 .008 .193 4.25 4.07 3.64 3.00 3.00 3.73 

Everyday life .115 .018 .091 .034 .413 .581 4.50 3.67 3.00 3.30 3.00 3.45 

Medicine / health .631 .677 .508 .608 .875 .746 3.75 3.39 3.47 3.30 3.00 3.39 

Technology .393 .268 .459 .242 .836 .344 4.00 3.29 2.93 3.20 3.25 3.23 

Society / public concerns .173 .079 .027 .191 .046 .464 4.00 3.30 2.87 2.50 2.50 3.05 

Global references .031 .008 .040 .140 .163 .585 4.75 3.67 3.20 3.00 2.75 3.45 

Occupation / career 1.00 .407 .556 .165 .388 .706 3.50 3.52 2.93 3.10 2.75 3.25 

Science - biology .048 .430 .051 .223 .750 .249 3.25 4.14 3.73 4.20 3.25 3.93 

Science - chemistry .204 .532 .549 .640 .587 .855 3.50 4.07 3.87 3.80 3.25 3.89 

Science - physics .295 .834 .883 .618 .916 .405 3.75 3.96 3.80 3.80 3.25 3.84 

Science - interdisciplinarity .905 .178 .604 .019 .299 .439 3.25 3.39 2.60 3.00 2.75 3.08 

Relevantly educated teachers .903 .446 .020 .274 .001 .019 4.25 4.25 3.93 2.90 3.75 3.92 

Good lesson material .342 .409 .144 .934 .216 .260 4.50 3.82 3.93 3.30 3.00 3.75 

Visualisation/models/modeling .221 .020 .091 .122 .351 .786 4.25 3.64 3.13 3.30 3.00 3.46 

Well equipped classrooms .713 .771 .504 .782 .482 .387 3.50 3.57 3.53 3.90 3.50 3.61 

Number of statistically significant 
differences 

3 5 5 3 3 1 
/ 

ΣP  20 

  

Table 10: Significance test values (Mann-Whitney test) and mean values of the practice 
assessments by the different sample groups and the total sample concerning situations, 
contexts and motives. 
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Categories regarding (Basic) 
concepts and topics 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Matter / particle concept .133 .261 .930 .953 .067 .132 3.67 4.36 4.38 3.60 4.50 4.21 

Structure / function / properties .074 .038 .663 .661 .138 .116 3.33 4.25 4.46 3.60 4.50 4.16 

Chemical reactions .796 .943 .589 .762 .542 .451 4.33 4.21 4.38 4.00 4.75 4.26 

Energy .674 .724 1.00 .872 .566 .721 3.67 3.93 3.85 3.70 4.25 3.88 

System .514 .090 .177 .036 .123 .795 4.00 3.75 3.15 3.20 4.00 3.55 

Interaction .701 .138 .431 .064 .449 .528 3.67 3.39 2.77 3.10 3.25 3.21 

Development / growth .564 .626 .655 .988 .614 .672 4.00 3.41 3.46 3.50 3.25 3.46 

Models  .913 .345 .720 .101 .668 .387 3.67 3.56 3.00 3.40 3.50 3.40 

Terminology .805 .599 .367 .529 .221 .667 4.00 3.86 3.64 3.50 4.00 3.76 

Scientific inquiry .259 .208 .726 .405 .579 .357 3.67 3.14 2.85 3.40 3.25 3.16 

Limits of scientific knowledge .820 .025 .373 <.000 .176 .238 3.33 3.25 2.15 2.90 2.00 2.88 

Cycle of matter .119 .093 .107 .368 .752 .600 4.67 3.86 3.62 3.80 4.50 3.88 

Food / nutrition .973 .773 .791 .988 .863 .974 3.67 3.50 3.62 3.50 4.25 3.59 

Health / medicine .267 .330 .335 .965 .498 .515 4.00 3.21 3.23 3.40 3.75 3.33 

Matter in everyday life .697 .426 .426 .602 .375 .720 3.67 3.57 3.31 3.10 3.25 3.41 

Technical devices .832 .667 .791 .762 .875 .899 3.00 2.89 2.79 2.80 4.25 2.95 

Environment .678 .248 .527 .092 .479 .579 4.33 4.18 3.62 3.80 5.25 4.07 

Industrial processes  .019 .005 .065 .107 .398 .045 4.67 2.68 2.23 2.80 2.75 2.71 

Safety and risks .030 .015 .036 .079 .532 .377 5.00 3.26 2.62 3.00 3.50 3.18 

Occupations / occupational fields .062 .018 .069 .110 .792 .226 5.00 3.07 2.31 2.90 2.75 2.95 

Number of statistically 
significant differences  

2 5 1 2 0 1 
/ 

ΣP  11 

 

 
 
 
  

Table 11: Significance test values (Mann-Whitney test) and mean values of the practice 
assessments by the different sample groups and the total sample concerning basic concepts 
and topics. 
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Categories regarding fields and 
perspectives 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Botany .090 .010 .021 .009 .128 .396 2.33 3.36 4.33 4.00 4.00 3.69 

Zoology .008 .006 .017 .033 .345 .527 2.50 3.68 4.25 4.00 4.00 3.80 

Human biology .570 .090 .206 .166 .393 .731 2.75 3.20 3.67 3.50 4.75 3.44 

Genetics / molecular biology .513 .749 .661 .725 1.00 .707 3.25 2.88 3.17 2.90 2.75 2.96 

Microbiology .436 .844 .600 .339 .866 .599 3.25 2.73 3.00 2.90 3.00 2.88 

Evolutionary biology .240 .278 .129 .754 .412 .730 2.75 3.27 3.33 3.50 3.50 3.30 

Neurobiology .090 .843 .048 .056 .191 .024 2.75 2.08 2.75 1.67 2.00 2.21 

Ecology .185 .181 .295 .797 .472 .393 3.25 3.96 4.08 3.80 3.75 3.89 

Inorganic chemistry .065 .016 .124 .488 .392 .137 3.25 4.15 4.46 3.90 4.50 4.14 

Organic chemistry .124 .032 .124 .423 .782 .304 3.25 4.07 4.38 4.00 4.25 4.08 

Analytical Chemistry .087 .583 .820 .142 .124 .767 3.25 2.63 3.00 3.10 3.75 2.91 

Biochemistry .439 .440 .500 .927 .899 .843 3.25 2.74 2.69 2.80 2.75 2.78 

Mechanics .562 .021 .068 .014 .328 .068 2.75 3.15 4.15 3.50 3.50 3.43 

Electrodynamics .144 .042 .157 .192 .750 .149 2.75 3.63 4.15 3.50 3.50 3.66 

Thermodynamics .522 .143 .933 .201 .515 .107 2.75 3.15 3.62 2.90 3.00 3.18 

Atomic / nuclear physics .421 .463 .706 .807 .528 .688 3.00 2.63 2.69 2.90 2.75 2.72 

Astronomy / space system .358 .897 .651 .172 .595 .504 2.50 3.00 2.54 2.80 2.50 2.79 

Earth sciences .449 .953 .478 .423 .677 .601 3.25 3.74 3.38 3.56 3.00 3.54 

Mathematics  .482 .256 .880 .154 .523 .149 4.25 4.70 5.14 4.40 5.00 4.74 

Interdisciplinarity .882 .606 .559 .510 .381 .891 3.25 3.21 2.92 2.90 3.00 3.09 

Current scientific research .789 .226 .513 .178 .505 1.00 2.75 2.61 2.15 2.40 1.75 2.42 

Consequences of technological 
Developments 

.632 .263 .655 .567 .896 .840 3.00 2.81 2.54 2.80 3.00 2.77 

History of the sciences .421 .619 .550 .012 .688 .062 2.25 2.64 1.85 2.50 2.25 2.39 

Ethics / values .950 .080 .883 .029 .858 .130 2.75 2.70 2.08 2.60 2.25 2.52 

Forensic science .294 .043 .174 .170 .476 .756 2.50 2.00 1.54 1.80 2.25 1.91 

Art and science .411 .043 .236 .070 .496 .586 2.75 2.11 1.54 1.90 1.50 1.95 

Science and sports .353 .078 .211 .155 .405 .900 3.00 2.32 1.86 2.10 2.25 2.22 

Science in free time .947 .323 .462 .161 .401 .896 3.00 2.38 2.08 2.10 2.00 2.28 

Number of statistically significant 
differences 

1 8 3 5 0 1 
/ 

ΣP  18 

 

 
  

Table 12: Significance test values (Mann-Whitney test) and mean values of the practice 
assessments by the different sample groups and the total sample concerning fields and 
perspectives. 
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Categories regarding 
qualifications 

Significance values Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Empathy / sensibility .720 .100 .298 .005 .060 .925 3.00 3.21 2.29 2.40 2.50 2.80 

Motivation and interest .510 .034 .465 .011 .691 .195 3.75 3.39 2.57 3.20 2.75 3.15 

Critical questioning .256 .037 .110 .313 .181 .472 3.50 3.00 2.64 2.50 2.00 2.80 

Acting reflectedly and responsibly .095 .029 .073 .251 .326 .898 3.50 2.82 2.57 2.60 2.33 2.75 

Knowledge about science-related 
occupations 

.406 .119 .369 .273 .897 .430 3.50 3.15 2.77 3.10 2.25 3.02 

(Specialized) knowledge .356 .956 .336 .129 .889 .186 3.25 2.79 3.36 2.70 3.25 2.97 

Comprehension / understanding .633 .290 .059 .368 .028 .081 3.75 3.46 3.21 2.70 3.33 3.29 

Applying knowledge, thinking 
creatively / abstractly  

.145 .038 .060 .523 .121 .262 4.00 3.25 3.00 2.60 2.50 3.08 

Judgement /opinion-forming / 
reflection 

.292 .024 .062 .025 .079 1.00 3.75 3.18 2.54 2.60 2.50 2.93 

Finding information .883 .605 .270 .688 .219 .095 3.75 3.75 3.93 3.20 3.25 3.67 

Reading comprehension .859 .240 .178 .346 .210 .505 3.50 3.43 3.07 2.90 3.25 3.25 

Communication skills .357 .147 .751 .431 .478 .208 3.75 3.39 3.21 3.60 3.67 3.42 

Social skills / teamwork  .158 .038 .398 .142 .483 .060 4.00 3.36 3.00 3.70 3.00 3.35 

Perception / awareness .209 .032 .289 .013 .751 .136 3.50 3.11 2.43 3.00 3.00 2.95 

Formulating scientific questions / 
hypotheses 

.208 .254 .381 .930 .857 .854 3.50 3.00 3.00 3.00 2.50 3.00 

Experimenting .597 .150 .100 .206 .097 .531 3.75 3.59 3.14 3.00 3.00 3.36 

Rational thinking / analysing / 
drawing conclusions 

.509 .166 .378 .375 .491 .854 3.50 3.18 2.93 2.90 2.67 3.07 

Working self-dependently / 
structurally / precisely 

.119 .044 .290 .468 .816 .464 3.50 2.89 2.71 2.90 2.25 2.85 

Competence for modeling .006 .011 .039 .323 .631 .714 3.75 2.52 2.21 2.40 2.25 2.49 

Competence for health care .084 .183 .510 .656 .442 .433 3.50 2.89 2.71 3.11 3.50 2.97 

Science literacy .928 .768 .265 .691 .051 .020 3.25 3.32 3.50 2.60 3.25 3.23 

Environmental competence .855 .520 .883 .294 .677 .844 3.50 3.57 3.31 3.40 3.50 3.47 

Understanding history of science .143 .010 .241 .007 1.00 .076 3.25 2.54 1.79 2.50 3.25 2.45 

Understanding of (basic) science 
phenomenon at home 

.227 .011 .062 .017 .142 .759 3.75 3.25 2.57 2.67 3.50 3.05 

Number of statistically significant 
differences 

1 11 1 6 1 1 
/ 

ΣP  21 

 
 

  

Table 13: Significance test values (Mann-Whitney test) and mean values of the practice 
assessments by the different sample groups and the total sample concerning qualifications 
and attitudes. 
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Categories regarding methods  
Significance values  Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Cooperative Learning .156 .062 .159 .198 .802 .390 4.25 3.19 2.71 3.10 2.75 3.10 

Learning in mixed-aged classes .034 .004 .043 .474 .496 .103 3.25 1.86 1.43 1.90 1.25 1.82 

Interdisciplinary learning .019 .002 .024 .082 .119 .510 4.00 2.75 2.29 2.20 3.00 2.65 

Inquiry-based science learning .081 .013 .048 .124 .218 .945 4.00 3.04 2.54 2.60 3.00 2.91 

Learning at stations .103 .152 .041 .602 .452 .208 3.75 2.81 3.00 2.56 2.50 2.86 

Role play .228 .203 .273 .955 .747 .759 3.00 2.32 2.21 2.33 2.33 2.33 

Discussion / debate .889 .586 .076 .240 .002 .013 3.00 3.11 2.71 1.80 2.75 2.76 

Using new media .879 .378 .604 .100 .337 .925 4.00 4.04 3.64 3.60 4.25 3.88 

Lectures/explanations in class .422 .068 .308 .050 .717 .138 4.00 4.50 5.14 4.60 5.25 4.69 

Searching for information in 
literature 

.792 .380 .660 .305 .299 .081 3.25 3.43 3.86 2.90 3.50 3.43 

Individual work .881 .782 .334 .528 .161 .107 3.50 3.43 3.71 2.80 3.50 3.40 

Experimental/project/practical 
work 

.269 .039 .014 .060 .021 .663 4.25 3.75 3.07 2.90 4.00 3.50 

Problem solving .477 .056 .108 .239 .563 .487 3.50 3.23 2.86 3.00 3.50 3.14 

Visualisation/modeling .393 .057 .444 .045 .958 .149 3.50 3.14 2.57 3.10 2.50 2.98 

Enough Exercises for practising .976 .689 .809 .535 .931 .708 3.75 3.71 3.43 3.70 4.00 3.67 

Learning with conceptual networks .029 .043 .005 .607 .129 .554 4.00 2.78 2.57 2.30 3.00 2.75 

Learning with portfolio .081 .010 .138 .212 .438 .043 3.25 2.36 1.93 2.62 2.75 2.38 

Testing (pre)knowledge .478 .178 .028 .319 .009 .058 4.00 3.64 3.29 2.50 3.25 3.37 

Proper tasks for testing knowledge .637 .362 .643 .024 .109 .401 4.00 4.26 3.38 3.70 3.00 3.86 

Number of statistically significant 
differences 

3 6 7 3 3 2 
/ 

ΣP  24 

 

5.1.3 Priority-practice differences of the total sample and the different sample groups  

In this part we show the mean value difference between priority and practise assessments of 

the participants. The difference is calculated from basic data and than mean values are 

calculated. We also made between groups comparison with Man-Whitney test regarding the 

mean values of assessed categories of different groups 8students, teachers, educators and 

scientists).   

 

First in table 15 we present the two extremes – the categories where the biggest difference 

in total sample between priority and practise was found and the smallest differences.  

 

 

 

 

 

 

 

 

 

 

Table 14: Significance test values (Mann-Whitney test) and mean values of the practice 
assessments by the different sample groups and the total sample concerning methods. 



Curricular Delphi Study on Science Education                                     Interim Report on the Second Round, Slovenia 

24 

 

 

Inquiry-based science learning 2.48 

Critical questioning 2.33 

Applying knowledge, thinking creatively / 
abstractly  2.32 

Acting reflectedly and responsibly 2.30 

Judgement /opinion-forming / reflection 2.21 

Interdisciplinary learning 2.18 

Ethics / values 2.14 

Rational thinking / analysing / drawing 
conclusions 2.07 

Science literacy 2.07 

Problem solving 2.07 

… … 

Electrodynamics 0.41 

Organic chemistry 0.34 

Matter / particle concept 0.24 

Chemical reactions 0.24 

Inorganic chemistry 0.23 

Zoology 0.18 

Botany 0.17 

Mathematics  0.05 

Curriculum framework -0.19 

Lectures/explanations in class -0.75 
 

We can see that ten highest differences are all above 2.07. The highest difference between 

priority and practise in the whole sample is in the category inquiry-based science learning 

(mean value difference 2,48), the next is critical questioning (mean value difference 2.33) 

and the third highest applying knowledge, thinking creatively/abstractly (mean value 

difference 2.32). And the lowest three are mathematics (mean value difference 0.05), 

curriculum framework (mean value difference -0,19) and lectures/explanation in classes 

(mean value difference -0,75).  

 

The following tables (Table 16 to Table 20) provide an overview of the mean values of the 

different sample groups and the significance test (Mann-Whitney test) values regarding the 

comparisons of the mean of the priority-practice differences in the different sample groups. 

Significance test values indicating statistically significant differences are displayed in bold. 

The tables are divided into different parts according to the different parts of the category 

system: contexts, motives and situations (Table 16), basic concepts and topics (Table 17), 

fields and perspectives (Table 18), qualifications (Table 19) and methods (Table 20).  

 

There are 76 significant differences between all the groups. 53 (69,7%) of all are between 

students and other groups: teachers 20 (26,3%); educators 19 (25,0%); scientists 14 (18,4%). 

Table 15: Top ten and low ten categories of the priority-practice differences regarding the 
total sample. 
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Between teachers and educators there are 9 (11,8%) significant differences, teachers and 

scientists 7 (9,2%) and between educators and scientists also 7 (9,2%). The highest number 

of significant differences was in the categories regarding qualification – 21 (27,6%).  

 

Three or more significant differences amongst all the groups are found in following 

categories: in the field regarding context, motivation and situation: everyday life, technology 

and global references; field regarding (basic) concept and topics: system, industrial 

processes and safety and risk; field regarding qualification: critical questioning, 

judgment/opinion-forming /reflection and understanding of (basic) science phenomena at 

home; and field regarding methods: experimental/project/practical work. The differences in 

almost all cases are all between students and other groups.  

 

In the appendix there are figures of mean values of priority and practise for the whole 

sample for all the categories. 
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Categories regarding contexts, 
motives and situations  

Significance values  Mean Values difference 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Education / general pers. 
development 

.285 .462 .208 .469 .475 .305 
0.67 1.57 1.33 1.78 1.50 1.49 

Emotional personality 
development 

.029 .051 .149 .663 .304 .491 
0.00 1.75 1.60 1.20 1.25 1.48 

Intellectual personality 
development 

.851 .897 .861 .836 .824 1.00 
1.33 1.38 1.29 1.40 1.50 1.37 

Students' interests .170 .128 .420 .607 .195 .115 0.33 1.50 1.73 1.00 1.00 1.38 

Curriculum framework .781 .746 .280 .837 .124 .254 -.67 -.46 -.50 .30 2.00 -.19 

Out-of-school learning .566 .512 .312 .820 .325 .449 .75 1.19 1.29 1.70 1.75 1.31 

Media / current issues .293 .103 .013 .757 .062 .054 .25 1.11 1.20 2.20 1.50 1.28 

Nature / natural phenomena .050 .102 .008 .765 .020 .117 .00 1.19 1.15 2.20 1.75 1.31 

Everyday life .011 .014 .020 .508 .620 .820 
-

1.00 1.44 1.60 1.70 1.50 1.37 

Medicine / health .883 .838 .613 .491 .204 .095 1.00 1.36 1.00 1.90 1.00 1.31 

Technology .046 .034 .027 .289 .262 .860 -.25 1.21 1.27 1.60 1.67 1.22 

Society / public concerns .056 .056 .131 .561 .422 .570 .00 1.38 1.53 1.70 1.33 1.38 

Global references .011 .014 .018 .396 .297 .371 -.75 1.26 1.33 1.80 2.00 1.27 

Occupation / career .900 .528 1.00 .532 .576 .865 1.00 1.08 1.27 1.50 1.00 1.19 

Science - biology .236 .350 .211 .713 .818 .581 1.50 .67 .80 .60 1.75 0.82 

Science - chemistry .497 .469 .597 .809 .886 .728 1.25 .79 .53 .90 1.75 0.84 

Science - physics .738 .876 .558 .925 .559 .601 .50 .79 .60 1.20 1.50 0.84 

Science - interdisciplinarity .227 .100 .275 .048 .394 .443 1.00 1.75 2.40 1.80 2.25 1.90 

Relevantly educated teachers .351 .280 .014 .770 .001 .006 .50 1.18 1.23 2.80 2.00 1.47 

Good lesson material .945 .897 .591 .869 .293 .363 1.33 1.29 1.21 1.80 2.25 1.42 

Visualisation/models/modeling .074 .098 .056 .416 .153 .543 .33 1.41 1.60 1.80 2.50 1.54 

Well equipped classrooms .054 .150 .556 .635 .080 .265 .25 1.46 1.20 .50 1.25 1.15 

Number of statistically significant 
differences 

5 3 6 1 2 1 
/ 

ΣP  18 

 
  

Table 16: Significance test values (Mann-Whitney test) and mean values regarding the 
priority-practice differences of the different sample groups and the total sample concerning 
situations, contexts and motives. 
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Categories regarding (Basic) 
concepts and topics 

Significance values  Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Matter / particle concept .063 .208 .064 .754 .185 .196 -.67 .29 .00 .80 .00 .24 

Structure / function / properties .401 .604 .484 .766 .043 .107 .67 .36 .25 1.40 .75 .56 

Chemical reactions .405 .783 .426 .085 .751 .263 .00 .46 -.31 .40 .25 .24 

Energy .367 .595 .426 .641 .902 .632 .33 .86 .58 .90 .75 .77 

System .003 .023 .019 .976 .406 .524 
-

1.00 1.07 1.00 1.40 1.50 1.03 

Interaction .060 .020 .101 .169 .344 .896 .33 1.71 2.15 2.00 2.50 1.84 

Development / growth .252 .373 .346 .438 .485 .974 .00 1.27 .92 1.00 2.25 1.14 

Models  .134 .038 .083 .149 .428 .652 .00 1.15 1.77 1.50 1.50 1.31 

Terminology .066 .104 .078 .665 .564 .951 -.33 .71 .71 .80 .00 .63 

Scientific inquiry .079 .160 .665 .844 .183 .307 1.00 1.96 2.08 1.40 2.50 1.88 

Limits of scientific knowledge .250 .051 .257 .006 .191 .498 .33 1.21 2.31 1.60 2.33 1.54 

Cycle of matter .200 .180 .502 .478 .166 .189 .00 1.25 1.23 .70 1.25 1.11 

Food / nutrition .644 .443 .431 .672 .083 .183 1.67 1.59 1.23 .80 1.25 1.35 

Health / medicine .466 .576 .796 .629 .265 .522 1.33 2.04 1.85 1.50 1.75 1.84 

Matter in everyday life .807 .394 1.00 .450 .837 .421 1.33 1.54 1.77 1.50 2.50 1.64 

Technical devices .471 .444 .376 .857 .776 .923 1.00 1.52 1.54 1.60 .50 1.44 

Environment .888 .304 .435 .069 .240 .656 .67 .89 1.77 1.50 .25 1.14 

Industrial processes  .003 .006 .009 .094 .572 .300 
-

1.67 1.32 1.77 1.50 1.25 1.29 

Safety and risks .011 .016 .035 .204 .352 .120 
-

1.00 1.48 2.08 1.20 2.00 1.47 

Occupations / occupational fields .071 .016 .185 .421 .300 .045 .00 1.63 2.00 1.20 2.00 1.58 

Number of statistically significant 
differences  

3 6 3 1 1 1 
/ 

ΣP  15 

 
 
  

Table 17: Significance test values (Mann-Whitney test) and mean values regarding the 
priority-practice differences of the different sample groups and the total sample concerning 
basic concepts and topics. 
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Categories regarding fields and perspectives  
Significance values  Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Botany .338 .103 .098 .099 .086 .891 1.33 .48 -.25 -.20 -.25 .17 

Zoology .662 .378 .344 .366 .276 .973 1.00 .28 -.17 .00 .25 .18 

Human biology .307 .897 .470 .117 .909 .390 .50 1.16 .58 1.20 .75 .96 

Genetics / molecular biology .019 .062 .221 .884 .549 .786 -.50 1.27 1.17 .70 2.00 1.07 

Microbiology .014 .058 .344 .944 .100 .315 -.25 1.42 1.27 .40 1.00 1.05 

Evolutionary biology .969 .758 .795 .536 .731 .973 1.00 1.12 1.17 1.20 2.00 1.20 

Neurobiology .163 .413 .254 .158 .627 .581 .33 1.48 1.00 1.33 2.33 1.33 

Ecology .302 .284 .370 .935 .985 .890 -.33 1.12 1.17 1.10 1.75 1.09 

Inorganic chemistry .607 .190 .457 .072 .406 .465 .50 .46 -..15 .20 -.25 .23 

Organic chemistry .323 1.00 .926 .098 .139 .868 .00 .61 .00 .20 .25 .34 

Analytical Chemistry .099 .450 .757 .470 .015 .214 .50 1.41 1.08 .40 -.50 .96 

Biochemistry .136 .194 .770 1.00 .215 .279 .25 1.35 1.46 .80 1.25 1.19 

Mechanics .927 .320 .508 .114 .396 .068 .50 .52 -.15 .90 .50 .43 

Electrodynamics .479 .272 .770 .363 .314 .195 .75 .37 .00 .90 .50 .41 

Thermodynamics .921 .558 .263 .270 .229 .171 .75 .81 .23 1.00 1.25 .74 

Atomic / nuclear physics .500 .815 .883 .511 .215 .586 .50 1.22 1.00 .60 1.50 1.03 

Astronomy / space system .152 1.00 .249 .038 .716 .145 1.75 .88 1.69 .80 1.00 1.12 

Earth sciences .080 .641 .342 .168 .675 .539 1.25 .30 .92 .56 1.75 .65 

Mathematics  .255 .064 .884 .088 .145 .017 .75 .11 -.79 .70 .33 .05 

Interdisciplinarity .364 .180 .732 .304 .918 .614 1.33 1.82 2.33 1.70 2.50 1.93 

Current scientific research .362 .118 .714 .571 .411 .180 1.50 2.07 2.31 1.50 2.75 2.03 

Consequences of technological Developments .057 .023 .326 .276 .623 .296 .75 1.77 2.23 1.70 1.33 1.77 

History of the sciences .131 .832 .278 .036 .244 .234 2.00 .89 1.77 1.30 1.25 1.24 

Ethics / values 1.00 .176 .863 .003 .972 .059 1.67 1.81 2.85 1.90 3.00 2.14 

Forensic science .479 .609 .425 .606 .336 .215 2.00 1.70 1.92 1.40 1.75 1.72 

Art and science .930 .801 .827 .174 .559 .162 1.75 1.75 2.25 1.60 2.75 1.90 

Science and sports .638 .679 .563 .825 .528 .387 1.25 1.89 2.00 1.70 2.25 1.86 

Science in free time .925 .724 .659 .455 .356 .868 1.25 1.81 2.08 2.20 3.00 1.96 

Number of statistically significant differences 2 1 0 3 1 1 
/ 

ΣP  8 

 
 
  

Table 18: Significance test values (Mann-Whitney test) and mean values regarding the 
priority-practice differences of the different sample groups and the total sample concerning 
fields and perspectives. 
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Categories regarding 
qualifications  

Significance values  Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Empathy / sensibility .905 .293 .824 .054 .945 .311 1.00 1.11 1.85 1.30 3.00 1.42 

Motivation and interest .132 .074 .111 .147 .973 .625 .50 1.89 2.36 2.10 3.00 2.02 

Critical questioning .005 .007 .015 .363 .149 .466 -.25 2.21 2.50 2.90 3.75 2.33 

Acting reflectedly and responsibly .133 .037 .195 .030 .400 .524 1.33 2.11 2.71 2.40 3.00 2.30 

Knowledge about science-related 
occupations 

.030 .110 .083 .365 .924 .501 
.33 1.76 1.38 1.90 2.50 1.67 

(Specialized) knowledge .366 .300 .942 .005 .292 .152 .75 1.43 -.07 1.00 .25 .88 

Comprehension / understanding .228 .247 .081 .339 .046 .146 1.25 1.89 2.00 2.80 2.50 2.05 

Applying knowledge, thinking 
creatively / abstractly  

.045 .064 .031 .554 .074 .207 
1.00 2.21 2.21 3.10 2.75 2.32 

Judgement /opinion-forming / 
reflection 

.033 .015 .035 .037 .157 .972 
.75 2.04 2.54 2.67 2.75 2.21 

Finding information .338 .296 .148 .817 .399 .307 .75 1.50 1.36 2.00 2.00 1.53 

Reading comprehension .260 .071 .423 .418 .930 .602 1.25 2.00 2.21 2.00 2.50 2.03 

Communication skills .287 .237 .600 .867 .449 .485 1.00 1.57 1.57 1.30 2.00 1.51 

Social skills / teamwork  .101 .258 .491 .485 .094 .400 .75 1.61 1.54 1.10 1.75 1.46 

Perception / awareness .766 .118 .582 .090 .591 .258 1.50 1.79 2.36 2.00 2.33 1.97 

Formulating scientific questions / 
hypotheses 

.223 .498 .561 .572 .870 .820 
1.25 1.93 1.54 1.80 3.00 1.84 

Experimenting .854 .598 .495 .317 .191 .642 1.50 1.48 1.79 2.10 2.50 1.73 

Rational thinking / analysing / 
drawing conclusions 

.559 .219 .465 .243 .627 .976 
1.25 1.96 2.14 2.40 2.67 2.07 

Working self-dependently / 
structurally / precisely 

.198 .367 .613 .617 .585 .924 
1.25 2.04 1.69 1.80 2.25 1.88 

Competence for modeling .124 .200 .342 .667 .409 .654 .50 1.67 1.46 1.30 2.00 1.50 

Competence for health care .019 .103 .299 .542 .098 .381 .50 2.00 1.93 1.44 2.25 1.81 

Science literacy .027 .095 .083 .679 .343 .205 1.00 2.15 1.79 2.50 2.50 2.07 

Environmental competence .025 .016 .164 .104 .556 .227 .25 1.54 2.08 1.50 1.75 1.58 

Understanding history of science .256 .070 .330 .109 .957 .167 .75 1.26 1.86 1.20 .50 1.31 

Understanding of (basic) science 
phenomenon at home 

.022 .028 .008 .053 .167 .466 .75 1.93 2.62 2.44 1.50 2.05 

Number of statistically significant 
differences 

8 5 4 3 1 0 
/ 

ΣP  21 

 
  

Table 19: Significance test values (Mann-Whitney test) and mean values regarding the 
priority-practice differences of the different sample groups and the total sample concerning 
qualifications and attitudes. 
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Categories regarding methods  
Significance values  Mean Values 

S/T S/E S/Sc T/E T/Sc E/Sc S T E Sc P Total 

Cooperative Learning .104 .114 .292 .808 .328 .294 .25 1.59 1.64 1.22 2.00 1.48 

Learning in mixed-aged classes .114 .033 .278 .117 .140 .003 .25 1.32 2.00 .70 2.50 1.38 

Interdisciplinary learning .134 .058 .128 .061 .258 .734 1.00 2.04 2.64 2.50 2.00 2.18 

Inquiry-based science learning .148 .116 .082 .529 .326 .701 1.25 2.37 2.62 2.90 3.00 2.48 

Learning at stations .090 .576 .299 .129 .568 .509 .75 1.74 1.07 1.56 1.67 1.47 

Role play .668 .742 .419 .921 .068 .105 1.00 1.30 1.29 .56 1.67 1.18 

Discussion / debate .336 .472 .929 .361 .006 .052 2.33 1.57 1.93 2.80 2.00 1.93 

Using new media .857 .139 .882 .156 .677 .202 .50 .71 1.14 .50 .00 .72 

Lectures/explanations in class .186 .020 .539 .009 .359 .009 .33 -.54 -1.79 .00 -1.25 -.75 

Searching for information in literature .290 .743 .142 .236 .088 .034 .50 1.07 .50 1.90 1.75 1.08 

Individual work .278 .447 .143 .269 .365 .134 .50 1.61 1.14 2.00 1.75 1.50 

Experimental/project/practical work .012 .023 .014 .128 .214 .741 .00 1.50 2.07 2.00 1.50 1.62 

Problem solving .109 .079 .094 .202 .641 .505 1.00 2.04 2.29 2.30 2.00 2.07 

Visualisation/modeling .378 .293 .415 .370 .929 .578 1.25 1.61 1.86 1.80 2.50 1.73 

Enough Exercises for practising .154 .439 .103 .462 .986 .502 .50 1.26 .93 1.40 .75 1.11 

Learning with conceptual networks .030 .050 .129 .573 .367 .317 .00 1.52 1.64 1.30 1.75 1.42 

Learning with portfolio .189 .211 .702 .353 .040 .037 .75 1.32 1.64 .63 1.75 1.29 

Testing (pre)knowledge .252 .179 .078 .176 .277 .588 .25 1.00 1.57 1.50 2.75 1.28 

Proper tasks for testing knowledge .528 .260 .579 .082 .972 .175 .50 1.00 1.92 1.00 2.00 1.27 

Number of statistically significant 
differences 

2 4 1 1 2 4 
/ 

ΣP  14 

 
  

Table 20: Significance test values (Mann-Whitney test) and mean values regarding the 
priority-practice differences of the different sample groups and the total sample concerning 
methods. 
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5.2 Results part II  

5.2.1 Numbers of completed form sheets concerning part II of the questionnaire  

In order to identify concepts regarding science education that are considered important, the 

participants were in part II of round 2 asked to combine from the given set of 94 categories 

those categories that seem especially important to them in their combination. The results of 

the hierarchical cluster analyses are based on the form sheets which the participants were 

asked to fill out in the second part of the questionnaire. 

Sample group Number of form sheets 
Average number of 

form sheets per 
participant 

Students (n=4) 22 5.50 

Teachers 

Education students (n=2) 2 

83 

1.00 

2.96 
Trainee teachers (n=4) 23 5.75 

Teachers (n=12) 19 1.58 

Teacher Educators (n=10) 39 3.90 

Educators, didactics, and in-service teacher 
educators (n=16) 

50 3.13 

Scientists (n=11) 25 2.27 

Education Politicians (n=4) 13 3.25 

Total (n=63) 193 3.06 
 

In Table 21 it can be seen that a total number 193 form sheets was filled out by the 

participants. On average, every participant filled out 3.06 form sheets. The average number 

of form sheets filled out by the group of students is 5.50 which is the highest average. The 

group of teachers features the average of 2.96 sheets per person. The educators filled in the 

average of 3.13 sheets per person and education politicians 3.25. The lowest average of fill 

sheets was between scientists, 2.27 per person.  

 

As shown in Table 22, 32.6% of participants filled out one form sheet, 12.4% 2 form sheets, a 

bit less than 10 % filled out 3 or 4 sheets, 5 form sheets was filled out by 7.3% of the 

participants, around 6% of the participants filled out 6, 7 or 8 sheets and 9 or 10 sheets were 

filled out by 5.2% of participants.  

 

 

 

 

 

 

 

 

 

Table 21: Numbers of completed form sheets – total sample and sample groups. 
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Number of form sheets Absolute frequency Percentage Cumulative percentage 

1 63 32.6 32.6 

2 24 12.4 45.1 

3 17 8.8 53.9 

4 17 8.8 62.7 

5 14 7.3 69.9 

6 13 6.7 76.7 

7 13 6.7 83.4 

8 12 6.2 89.6 

9 10 5.2 94.8 

10 10 5.2 100.0 
 

5.2.2 Hierarchical cluster analyses  

The identification and content-related profiling of conceptions about desirable science 

education was based on hierarchical cluster analyses of the data of the total sample 

collected in the second part of round two and took place in several consecutive steps.  

 
5.2.2.1 Clustering on the basis of the different categories  

In the first step of the cluster analytical procedure, structurally similar responses were 

gradually summarized – first into smaller, then subsequently into larger clusters (cf. 

Dendrogram (Figure 3) and Table 25 with distance values in appendix). After excluding 

solutions featuring extremely small or large clusters and after considering aspects of content 

and coherence, a three-cluster solution rendered the best possible result. The dendrogram 

in Figure 3 shows the steps of clustering the categories in the course of the hierarchical 

cluster analysis.  

 
Table 23 shows the distribution and allocation of the different categories to the respective 
clusters, taking into account the number of categories (ncat), the number of cases (ncases) 
and the relative frequency regarding all cases (n%cases) in each cluster. Cluster A contains 
40 categories, Cluster B contains 14 clusters and Cluster C contains 32 categories. 
 
  

Table 22: Numbers of completed form sheets and percentages. 
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Figure 3: Dendrogram (method: ward linkage and squared Euclidian distance).  
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Cluster A Cluster B Cluster C 

Science and sports Science - physics Science - interdisciplinarity 

Out-of-school learning Astronomy / space system Science literacy 

Forensic science Electrodynamics System 

Social skills / teamwork  Atomic / nuclear physics Interdisciplinarity 

Science in free time Mechanics Everyday life 

Industrial processes  Technology Matter in everyday life 

History of the sciences Thermodynamics Environment 

Understanding history of science Technical devices Ecology 

Earth sciences Relevantly educated teachers Genetics / molecular biology 

Communication skills Experimenting Acting reflectedly and responsibly 

Neurobiology 
Formulating scientific questions / 
hypotheses Energy 

Competence for modeling 
Rational thinking / analysing / drawing 
conclusions Models  

Microbiology Finding information Emotional personality development 

Competence for health care Reading comprehension Mathematics  

Safety and risks  Empathy / sensibility 

Ethics / values  Intellectual personality development 

Botany  Students' interests 

Zoology  Evolutionary biology 

Science - biology  Scientific inquiry 

Development / growth  Motivation and interest 

Visualisation/modeling  Critical questioning 

Well equipped classrooms  Health / medicine 

Curriculum framework  Medicine / health 

Good lesson material  Food / nutrition 

Terminology  Cycle of matter 

Perception / awareness  Human biology 

Society / public concerns  Interaction 

Environmental competence  Comprehension / understanding 

Global references  Education / general pers. development 

Consequences of technological 
Developments 

 Nature / natural phenomena 

Occupation / career  Structure / function / properties 

Occupations / occupational fields 
 Applying knowledge, thinking 

creatively / abstractly  

(Specialized) knowledge   

Working self-dependently / 
structurally / precisely 

 
 

Limits of scientific knowledge   

Knowledge about science-related 
occupations 

 
 

Media / current issues   

Judgement /opinion-forming / 
reflection 

 
 

Current scientific research   

Art and science   

ncat=40 ncat=14 ncat=32 

 

 
 
 
 
 
 

Table 23: Distribution and allocation of the different categories to the respective clusters. 
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5.2.2.2 Cluster-analytically identified conceptions regarding desirable science education  

On the basis of the previous considerations, three statistically identified clusters can be 

rendered into concepts regarding desirable science education. The three concepts are titled 

and described in the following.  

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

contexts relevant in both educational and out-of-school settings (see Table 23; categories 

in Claster A). 

 

Concept A (Awareness of the sciences in current, social, globally relevant and occupational 
contexts relevant in both educational and out-of-school settings) refers to an engagement 
with the sciences within the frame of current, social, globally relevant, occupational and 
both educational and out-of-school contexts (categories: Well equipped classrooms, 
Curriculum framework, Good lesson material, Terminology, Out-of-school learning, 
Perception/awareness, Society/public concerns, Ethics/values, Safety and risks, Social 
skills/teamwork, Global references, Occupation/career, Occupations/occupational fields; 
Knowledge about science-related occupations), enhancing and basic skills (categories: 
Visualisation/modelling, Competence for modelling, Communication skills,). The impressions 
a person gets through engaging with topics and associated science-related questions from 
his or her environment (categories: Botany, Zoology, Science – biology, 
Development/growth, Earth sciences, Neurobiology, Microbiology, Competence for health 
care, Environmental competence, Consequences of technological Developments, 
(Specialized) knowledge), influence both the person’s sensibility and his or her attitudes 
towards the sciences (categories: Working self-dependently/structurally/precisely, 
Judgement/opinion-forming/reflection). Dealing with scientific issues or phenomena in out-
of-school or social and public contexts (categories:  Art and science, Science and sports, 
Forensic science, Science in free time, Industrial processes),respectively also facilitates 
conscious experiences of scientific phenomena, scientifically precise observation and 
cognitive ability. Suggestions for this kind of engagement and education are amongst others 
provided e.g. by current issues or media coverage (categories: Media/current issues . Dealing 
with the history of the sciences especially reveals how findings and methods of the sciences 
enable, enhance and bring forward research in the natural sciences (categories: History of 
the sciences , Understanding history of science, Limits of scientific knowledge, Current 
scientific research). This shows moreover how historical science-related developments are 
still linked to applications in industry and technology, how these applications changed the 
world and how they influence our professional and everyday life.  
 

The cluster analytical calculations of concept A lead to the grouping of the following 

categories:  

Situations, contexts, motives:  

Curriculum framework, Out-of-school learning, Media / current issues, Society / public 

concerns, Global references, Occupation / career, Science-biology, Good lessons material, 

Visualisation/models/modeling, Well equipped classrooms 

(Basic) concepts, themes and perspectives:  
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Development/growth, Terminology, Limits of scientific knowledge, Industrial processes, 

safety and risks, Occupation / occupational fields 

Fields and perspectives:  

Botany, Zoology, Microbiology, Neurobiology, Earth science, Current scientific research, 

Consequences of technological developments, History of sciences, Ethics/values, Forensic 

sciences, Art and sciences, Sciences and sports, Science in the free time 

Qualifications:  

Knowledge about science-related occupations, (Specialized) knowledge, Judgement/opinion-

forming/reflection, Communication skills, Social skills/teamwork, Perception/awareness, 

Working self-dependently/structuredla/precisely, Competence for modeling, Competence 

for health care, Environmental competence, Understanding history of science 

 
Concept B: Intellectual education in interdisciplinary scientific contexts (see Table 23; 

categories in Claster A). 

 

Concept B (Intellectual education in interdisciplinary scientific contexts) refers to an 

engagement with the sciences, espcialy physical sciences (categories: Science – physics, 

Astronomy/space system, Electrodynamics, Atomic/nuclear physics, Mechanics, 

Thermodynamics), , their terminology, their methods, their basic concepts, their 

interdisciplinary relations, their findings and their perspectives, which enhance individual 

intellectual personality development. Dealing with the sciences serves in this course not only 

the acquisition of science-related basic knowledge but also helps to understand fundamental 

findings and the process of gaining knowledge in the sciences (categories: Experimenting, 

Formulating scientific questions/hypotheses, Rational thinking/analysing/drawing 

conclusions, Finding information, Reading comprehension). Moreover, dealing with 

questions and topics of the sciences helps to comprehend and follow (empirical and 

experimental) scientific research methods, facilitates analytical abilities and fosters the 

ability to take differentiated perspectives. In addition, an engagement with current scientific 

research reveals not only how findings and methods of the sciences enable, enhance and 

support both scientific research and its applications, but also how scientific research is 

interconnected interdisciplinary, especially in the fied of technology (categories: Technology, 

Technical devices). 

 

The cluster analytical calculations of concept B lead to the grouping of the following 

categories:  

Situations, contexts, motives:  

Technology, Science-physics, Relevantly educated teachers 

(Basic) concepts, themes and perspectives:  

Technical devices 

Fields and perspectives:  
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Mechanics, Electrodynamics, Thermodynamics, Atomic/nuclear physics, Astronomy/space 

system 

Qualifications:  

Finding information, Reading comprehension, Rational thinking / Analysing / drawing 

conclusions, Formulating scientific questions / hypotheses, Experimenting 

 

Concept C: General science-related education and facilitation of interest in contexts of 

nature, everyday life and living environment (see Table 23; categories in Claster A). 

 

Concept C (General science-related education and facilitation of interest in contexts of 
nature, everyday life and living environment) refers to a science-related engagement with 
everyday life and living environment issues (categories: Environment, Ecology, Energy, Cycle 
of matter, Nature/natural phenomena) that takes up and promotes students’ interests 
(categories: Students' interests, Motivation and interest) enhancing general personality 
development and education (category: Science literacy) that can be especially achieved by 
interdisciplinary approaches in science education (categories: Science – interdisciplinarity, 
Interdisciplinarity, Mathematics). Dealing with topics from the natural living environment 
shows how scientific research, scientific applications and scientific phenomena influence 
both public and personal life (categories: Everyday life, Matter in everyday life, 
Food/nutrition, Genetics/molecular biology, Evolutionary biology, Health/medicine, Human 
biology). Another important aspect of this concept is engaging with different values and 
perspectives as well as reflecting on personal (categories: Emotional personality 
development, Empathy/sensibility, Education/general personal development) deliberations 
and course of action. Moreover, this concept refers to facilitating the motivation for 
scientific inquiry (category: Scientific inquiry). Dealing with scientific issues and phenomena 
within the contexts of social and public fields, their consequences and issues about safety 
and risks enhances in particular the students’ own abilities to judge and both critically reflect 
and rationally account for their own actions (categories: Acting reflectedly and responsibly, 
Intellectual personality development, Critical questioning, Comprehension/understanding,  
Applying knowledge, thinking creatively/abstractly).  
 

The cluster analytical calculations of concept C lead to the grouping of the following 

categories:  

Situations, contexts, motives:  

Emotional personality development, Intellectual personality development, Students' 

interests, Education/general personality development, Nature/natural phenomena, 

Everyday life, Medicine/health, Science-interdisciplinary 

(Basic) concepts, themes and perspectives:  

Structure/function/properties, Energy, System, Interaction, Models, Scientific inquiry, Cycle 

of matter, Food/nutrition, Health/medicine, Matter in everyday life  

Fields and perspectives:  

Human biology, Genetics/molecular biology, Evolutionary biology, Ecology, Mathematics, 

Interdisciplinary 

Qualifications:  



Curricular Delphi Study on Science Education                                     Interim Report on the Second Round, Slovenia 

38 

 

Empathy/sensibility, Motivation and interest, Critical questioning, Acting reflectedly and 

responsibly, Comprehension/understanding, Applying knowledge, thinking 

creatively/abstractly, Science literacy  

 

The results of the cluster analyses were the main points for the third cycle of the DELPHI 

research in PROFILES project. 

 

6. Discussion and summary 

The analyses of the second cycle of the DELPHI study in the PROFILES project shows that, 

regarding the whole sample, the category of the highest priority mean value is Relevantly 

educated teachers, the next one is Applying knowledge, thinking creatively / abstractly and 

the third Inquiry-based science learning.  

We can see that none of them compare with the categories that have, regarding the whole 

sample, the highest mean value in the practise assessment. The three top ones are 

Mathematics, Lectures/explanations in class and Curriculum framework.  

If we include the analyses of the mean values of the difference, for the whole sample, 

between the priority and practise assessment, we can see that, regarding that the three 

categories with the highest mean value of the difference are Inquiry-based science learning, 

Critical questioning and Applying knowledge, thinking creatively/abstractly, the two of the 

three categories that are assessed as the top priority are assessed quite low in the presence 

in practise.  

In the second part of the DELPHI study we can extract three different clasters or concepts: 

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

contexts relevant in both educational and out-of-school settings); Concept B (Intellectual 

education in interdisciplinary scientific contexts); and Concept C (General science-related 

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

environment). Variables (chategories) that fall into the specific claster or concept (see the 

above concepts descriptions) are mostly the same as reported by Schulte & Bolte (2011b). 

Regarding this aspect the names and descriptions of concepts are similar and also the same 

concepts are used in the third round of the Delphy study. 
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0 1 2 3 4 5 6

Education / general pers. development

Emotional personality development

Intellectual personality development

Students' interests

Curriculum framework

Out-of-school learning

Media / current issues

Nature / natural phenomena

Everyday life

Medicine / health

Technology

Society / public concerns

Global references

Occupation / career

Science - biology

Science - chemistry

Science - physics

Science - interdisciplinarity

Relevantly educated teachers

Good lesson material

Visualisation/models/modeling

Well equiped classrooms

Priority

Practice

Figure 4: Mean values of the priority and practice assessments by the total sample 
concerning situations, contexts and motives. 
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Matter / particle concept

Structure / function / properties

Chemical reactions

Energy

System

Interaction

Development / growth

Models 

Terminology

Scientific inquiry

Limits of scientific knowledge

Cycle of matter

Food / nutrition

Health / medicine

Matter in everyday life

Technical devices

Environment

Industrial processes 

Safety and risks

Occupations / occupational fields

Priority

Practice

Figure 5: Mean values of the priority and practice assessments by the total sample 
concerning basic concepts and topics. 
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Botany

Zoology

Human biology

Genetics / molecular biology

Microbiology

Evolutionary biology

Neurobiology

Ecology

Inorganic chemistry

Organic chemistry

Analytical Chemistry

Biochemistry

Mechanics

Electrodynamics

Thermodynamics

Atomic / nuclear physics

Astronomy / space system

Earth sciences

Mathematics 

Interdisciplinarity

Current scientific research

Consequences of technological Developments

History of the sciences

Ethics / values

Forensic science

Art and science

Science and sports

Science in free time

Priority

Practice

Figure 6: Mean values of the priority and practice assessments by the total sample 
concerning fields and perspectives. 
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0 1 2 3 4 5 6

Empathy / sensibility

Motivation and interest

Critical questioning

Acting reflectedly and responsibly

Knowledge about science-related occupations

(Specialized) knowledge

Comprehension / understanding

Applying knowledge, thinking creatively / abstractly 

Judgement /opinion-forming / reflection

Finding information

Reading comprehension

Communication skills

Social skills / teamwork 

Perception / awareness

Formulating scientific questions / hypotheses

Experimenting

Rational thinking / analysing / drawing conclusions

Working self-dependently / structuredly / precisely

Competence for modeling

Competence for health care

Science literacy

Environmental competence

Understanding history of science

Understanding of (basic) sicence phenomenon at …

Priority

Practice

Figure 7: Mean values of the priority and practice assessments by the total sample 
concerning qualifications and attitudes. 
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Cooperative Learning

Learning in mixed-aged classes

Interdisciplinary learning

Inquiry-based science learning

Learning at stations

Role play

Discussion / debate

Using new media

Lectures/explanations in class

Surching for information in literature

Individual work

Experimental/project/practical work

Problem solving

Visualisation/modeling

Enough Exsercises for practising

Learning with conceptual networks

Learning with portfolio

Testing (pre)knowledge

Proper tasks for testing knowledge

Priority

Practice

Figure 8: Mean values of the priority and practice assessments by the total sample 
concerning methods. 


