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Interim report on the first round of the Delphi study

1 Framework and procedure of the first round — participation rate

1.1 First attempt

Group Subgroups included Total
Students School students and university students 53
Teachers Teachers (primary & secondary) and trainees 74

Teacher Educators - 21
Scientists Scientists and science employers 25
Total 173

Table 1: Structure of the sample, amount of participants for each group and participation
rate after the first attempt

1.2 The questionnaire

The questionnaire contained three questions each of which had two parts. These
addressed the following areas:

1.(a) reasons for teaching science

1.(b) contexts for science lessons

2.(a) preferred topics or ‘themes’ in school science

2.(b) preferred methods for teaching science

3.(a) skills that should be developed in school science

3.(b) attitudes that should be developed in school science



2 Qualitative analysis

2.1 Method
e Formulation of the questions
e Trials and revisions
e Distribution of the questionnaire
e Collection of responses

e Tabulation and analysis of responses

2.2 Results

There were 173 responses from four different groups. In Table 1 the number of responses from
each group is shown.

Students 53
Teachers 74

Teacher educators 21
Scientists 25

Total 173

Table 1: Groups and numbers of respondents



3 Quantitative analysis

3.1 Method
e Tabulation of the data
e Use of WinMAX, Excel and Word
e Frequencies and relative frequency of the categories

The data was compiled in a Word document. It was then pre-formatted in preparation for
transfer to winMAX for coding of various categories. Pre-formatting ensured that the
individual responses were coded by question number and respondent identifier.

The data was also examined in Excel where frequencies of keywords were identified.
This process facilitated the construction of a list of codes for use in winMAX. The
winMAX software facilitates the allocation of identifiers to qualitative data in order to
produce quantitative statistics.

Once the categories were assigned to the responses the coded text was transferred to
Excel where totals of all the responses were calculated. The total number of responses
in each category, to each question by each group of respondents, was divided by the
number of respondents in that group in order to find a percentage response.

3.2 Results

For ease of comparison, in all the tables in this section raw frequencies in each group of
respondents have been converted into percentages of the number of respondents in
that group.

Note: The bars in the graphs in this section are quantised and so small differences in
percentages (of <2%) may not be evident. They do however clearly show differences in
patterns of responses.

Question 1 concerned the aims and context of science education. It had two parts:
(a) What do you see as the main reasons for teaching science subjects in school?

(b) In what contexts do you think that science lessons should be taught to pupils in
order to encourage them to take an interest in additional science-related
educational activities?

Using the set of codes the responses were categorised and sorted by frequency.

From the responses to Question 1(a) as shown in Table 3.1, the four main reasons
respondents gave for teaching science were:

1. to develop understanding of the physical and natural world
to learn the basics of science

as preparation for a career in science
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to develop questioning, enquiring mind



Responses to Q.la: reasons for teaching science % of total
to understand the world; how things work; why things are as they are 43 T
to learn basics of science 18
preparation career in science 17
to develop an enquiring mind, curiosity; to learn to question things 16
preparation for life 12
preparation for work; economy 12
develop and interest in science 12
learn to think logically, to analyse 11
preparation for science courses in college
understanding
preparation for technological future
understand the working of the human body/ health
general knowledge
problem solving
to be able to discover new things; to be creative

to learn to apply their learning

learn to observe

understand the place of science in society/the significance of science

develop awareness of global issues

to develop a love of learning; lifelong learning

develop a sense of wonder/appreciation

develop or expand their knowledge

learn practical skills

learn to discuss/communicate

to learn to inquire

develop intellectually

knowledge of historical development of ideas
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to pass examinations

0.6

Table 3.1: The main reasons for teaching science in school and the percentage of all

173 respondents who mentioned them.

The last five items in table 3.1 were mentioned only once or twice.




Table 3.2 shows the breakdown of the responses to Question 1a as percentages of the
four groups.
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to understand the world; how things work; why things are as they are 428 47.2 39.2 47.6
to learn basics of science 185 245 203 14.3
preparation career in science 16.8 13.2 135 28.6
to develop an enquiring mind; to learn to question things; curiosity 156 57 257 19.0
preparation for life 116 57 189 48
preparation for work; economy 116 113 8.1 238
develop and interest in science 11.6 132 6.8 19.0
learn to think logically, to analyse 11.0 19 230 48
preparation for science courses in college 104 132 95 143
understanding 98 19 203 438
preparation for technological future 69 38 54 238
understand the working of the human body/ health 52 94 54 00
general knowledge 52 57 54 00
problem solving 40 00 81 0.0
to be able to discover new things; to be creative 35 00 6.8 00
to learn to apply their learning 29 19 54 00
learn to observe 29 00 54 00
understand the place of science in society/the significance of sci. 29 00 41 00
develop awareness of global issues 23 00 41 00
to develop a love of learning; lifelong learning 23 00 41 48
develop a sense of wonder/appreciation 23 19 14 95
develop or expand their knowledge 1.7 19 14 0.0
learn practical skills 1.7 00 14 95
learn to discuss/communicate 1.2 00 27 0.0
to learn to inquire 1.2 00 00 95
develop intellectually 06 00 14 00
knowledge of historical development of ideas 06 00 14 0.0
to pass examinations 06 19 00 00

Table 3.2: The reasons for teaching science in school and the percentage of each group
of respondents who mentioned them.

Examples of responses to Question 1a

“To give pupils a good scientific view of the world i.e. to use logic, ask
questions. To find out why things are the way they are. To give pupils the basic
knowledge they will need at higher level.” (Respondent 8, teacher)

“To produce a future workforce with a range of practical skill applicable in many
areas, biotechnology, industry etc. Students have a greater understanding on
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how things work and relate this to aspects in their lives.” (Respondent 155, teacher
educator)

Many responses were quite comprehensive. For example

“To feed students' natural curiosity. To sustain young people's sense of wonder
and awe that comes from exploring and understanding the natural and
technological world. To motivate the students towards a life-long interest and
appreciation in the world around them. To prepare the students for their future
careers, e.g. In medicine, engineering, environmental research. To provide
science-based industries and companies with a highly skilled and educated
workforce. (Respondent 65, student)

It is interesting that the teacher educators and the scientists (n = 21 and 25) gave more
significance to science education as a preparation for employment than the other groups
did. For example:

“Science is a major employer worldwide — important in terms of employment.
Opens people's minds and encourages thinking outside the box.” (Respondent
119, scientist)

“To encourage young people to continue science in later life and improve
workforce entering the technological scientific field.” (Respondent 157, teacher
educator)

It is also interesting to see that ‘to pass examinations’ was given by just one respondent
(a student) as a reason for teaching (and learning) science in school. This counters the
commonly held belief that students (and their parents and teachers) are mainly
concerned with examination grades.



Question 1(b) concerned the preferred contexts in which science lessons should be
taught to pupils in order to encourage them to take an interest in additional science-
related educational activities. May responses are clearly similar (e.g. ‘practical
experiments’ and ‘hands-on activities’) but were coded separately for the sake of
completeness. From the responses shown in Table 3.2, the most frequently suggested

by respondents were :
1. through practical work or field work
2. real-life contexts, relevant, everyday examples
3. applications of science

4. inquiry-based learning (IBL), investigations, discovery learning

Responses to Q.1b: contexts for teaching science % of total
practical experiments 46 | NN
everyday life; real life situations; relevant 31 |
application of science 14 | I
hands-on activities 14 | W
enquiry based or investigative approach; discovery based 12 | Il
ICT, internet, use PowerPoint presentations, multimedia 11 | W
develop their personal interests in science related areas, more fun g |
discussion or debate, interactive 6 | M
Science, Technology and Society 6 | M
demonstrations 5 |1
activity based learning, variety 3 |1
trips, seminars etc. 3 |1
project work 3 |1
variety 3 |
show career opportunities 2 |1
fun 2 |1
group work 2 |1
science competitions (e.g. Young Scientist, SciFest) 2 |1

Table 3.3: Contexts for teaching science in school — percentages
The following themes were mentioned once or twice:

cross-curricular approach or integrated approach, current affairs, demonstrations,
local context, problem solving, theory as well as practical, continuous assessment,
constructivist approach, develop curiosity, hobbies, have a plan; well planned
lessons, regular tests, use visual aids, writing.



Table 3.4 shows the breakdown of the responses to Question 1b as percentages of the
four groups.
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practical experiments 457 585 28.4 66.7 52.0
everyday life; real life situations; relevant 306 7.5 446 429 28.0
application of science 139 57 16.2 143 24.0
hands-on activities 139 132 176 95 8.0
enquiry based or investigative approach; discovery based 122 19 216 95 80
ICT, internet, use PowerPoint presentations, multimedia 11.0 94 108 238 4.0
develop their personal interests in science, more fun 75 57 54 143 120
discussion or debate, interactive 58 19 81 95 40
Science, Technology and Society 58 38 6.8 48 8.0
demonstrations 46 11.3 14 00 40
activity based learning, variety 35 19 54 48 0.0
trips, seminars etc. 29 38 27 00 40
project work 29 19 27 95 0.0
variety 29 38 41 00 00
show career opportunities 23 00 54 00 00
fun 23 38 14 00 40
group work 23 00 41 00 40
science competitions (e.g. Young Scientist, SciFest) 23 38 14 48 00

Table 3.4: Contexts for teaching science in school — percentages by group.

While there was a strong emphasis on practical work in maost groups, the responses
generally advocated a range of approaches and contexts. Here are some examples:

“Practicals related to theory so pupils can ‘see’ what is happening. Investigative
approach to science - learn from themselves and peers.” (Respondent 9, teacher)

“Practical activities, or any activity which requires them to figure out a solution to a
problem.” (Respondent 1, teacher)

“Plenty of practical work. Knowing where science is applied in everyday life.”
(Respondent 89, student)

“Relate it to everyday life. Many practicals.” (Respondent 118, scientist)

“In the ideal world students would do projects — IBSE to get them thinking and
working as one does in the real world work environment. This pulls in the theory
with the practical side.” (Respondent 48, teacher)



Question 2 was divided into two parts:

(a) “Please list scientific themes (topics) that you think should be taught in science
lessons to pupils by the end of their compulsory education.”

(b) “Please list methods you feel useful for teaching science subjects in secondary
school.”

The responses to part (a) were quite varied. Broad areas such as biology, chemistry or
physics were frequently mentioned as well as more focussed topics such as electricity
and fuels. Overall percentages are given in Table 3.5.

Responses to Q.2a: themes in school science % of total
human body, physiology, nutrition 49 1]
general science 25
basic chemistry 24

general biology 22

general physics 17
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electricity/ electronics

environmental issues; environmental science

everyday life and application of science

industrial chemistry

astronomy; space science

basic biochemistry; biotechnology; molecular biology

ecology

microbiology, biotechnology, genetic engineering...
chemistry

graphing

modern physics

fuels; renewable energy; energy conservation

practical applications

mathematical skills

scientific method

agriculture

geology
industrial or engineering application of science (hydraulics,
electronics...) 1.7
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logical thinking 1.7

medical / biomedical 1.7

wiring a plug 1.7
Table 3.5: The most frequently suggested topics for a school science course

The following topics were mentioned only once or twice:

data analysis, forensics, how buildings are constructed, laboratory instrumentation,
pharmaceutical industry, scientists.

Table 3.6 shows the percentage of respondents in each group who mentioned each
theme or topic.



Themes in school science

human body, physiology, nutrition, health

general science

basic chemistry

general biology

general physics

electricity/ electronics

environmental issues; environmental science

everyday life and application of science

industrial chemistry

astronomy; space science

basic biochemistry; biotechnology; molecular biology

ecology

microbiology, biotechnology, genetic engineering...

chemistry

graphing

modern physics

fuels; renewable energy; energy conservation

practical applications

mathematical skills

scientific method

agriculture

geology

industrial or engineering application of science

logical thinking

medical / biomedical

wiring a plug

=173)
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49.1
24.9
24.3
22.0
17.3
145
13.9
9.8
8.1
6.9
6.4
52
4.6
3.5
3.5
3.5
2.9
2.9
2.3
2.3
1.7
1.7
1.7
1.7
1.7
1.7

=53)
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5.7
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3.8
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1.9
9.4
0.0
5.7
0.0
0.0
0.0
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Teachers(n

52.7
14.9
35.1
24.3
27.0
16.2
18.9
12.2
12.2
135
8.1
8.1
9.5
0.0
1.4
54
0.0
2.7
2.7
54
14
2.7
2.7
2.7
2.7
0.0

Table 3.6: Themes proposed for school science — percentages by group.

Teacher educators
(n=21)
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The predominant theme was the human body (human body, physiology, nutrition,
health); this was mentioned by over 50% of students, teachers and teacher educators
and by a smaller percentage of scientists (28%). Some responses addressed specific
areas of concern. For example:
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Although the results might not appear particularly useful from a statistical point of view
they do indicate a wide range of topics that might be used as building blocks for an
‘alternative’ science course.

“Healthy living — detail of the effects of alcohol and cigarette smoking. Agriculture.
How CPR (cardiopulmonary respiration) works.” (Respondent 47, teacher)

Many responses were quite lengthy and listed a wide range of topics. For example:
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“Biology: human anatomy, environmental science, plants, cells, genetics,
biotechnology. Chemistry: classification of substances, the chemistry of the
everyday substances we need and use, atomic structure, chemical reactions,
compounds, and the composition of the air we breathe. Physics: mechanics,
measurement, electronics, electricity, forces, energy, light heat and sound.”
(Respondent 65, student)

In Question 2(b) respondents were asked to list useful methods for teaching science
subjects in secondary school. The main results are summarised in Table 3.5.

The dominant suggestion here was to use a variety of methods involving not only
textbooks but also discussion, computer-based presentations, Internet resources
especially video, practical laboratory / field work and problem-solving investigations.

Proposed methods for school science teaching % of total
practical experiments; active learning, experiments 58 | AT NN N
ICT, virtual labs, multimedia 46 | I
PowerPoint presentations 18 | Il
demonstrations, models 17 | W
discussion or debate; brainstorming; interactive learning; thinking 15 | Il
group work; peer teaching; cooperative learning 14 | N
enquiry based or investigative approach; discovery learning 13 | N
everyday life; real world applications; concrete/relevant examples 11 | Il
field trips 10 | W
trips, seminars etc., competitions 10 | W
project work g |H
guizzes, guestionnaires, Q&A, games, crosswords g |l
hands-on activities 5 | W
interactive 5 |1
data logging 3|1
variety of methods; fun 3|1
explanation; teacher-centred 3|1
higher-order thinking 3 |1
application of science 2 |1
activity based learning 2 |1
summary notes 2 |1

Table 3.7: Proposed methods for teaching science in secondary school— overall
percentages

The following topics were mentioned only once or twice:

data analysis, develop their personal interests in science related areas, guest
speakers, have a plan; well planned lessons, integrated approach; cross curricular,
regular tests, Science, Technology and Society, using stories, role play, drama,
worksheets, workbooks, forensic science, problem solving, reading science books,
report writing.

A breakdown by group of the responses to Question 2b is given in Table 3.8.
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Methods mentioned in the responses

practical experiments; active learning, experiments

ICT, virtual labs, multimedia

PowerPoint presentations

demonstrations, models

discussion or debate; brainstorming; interactive learning; thinking

group work; peer teaching; cooperative learning

enquiry based or investigative approach; discovery learning

everyday life; real world applications; concrete/relevant examples

field trips

trips, seminars etc., competitions

project work

quizzes, questionnaires, Q&A, games, crosswords

hands-on activities

interactive

data logging

variety of methods; fun

explanation; teacher-centred

higher-order thinking

application of science

activity based learning

summary notes

Total

57.8
45.7
17.9
16.8
15.0
145
13.3
11.0
9.8
9.8
8.1
8.1
52
4.6
3.5
3.5
29
2.9
2.3
1.7
1.7

Students

49.1
39.6
18.9
13.2
7.5
3.8
3.8
1.9
7.5
7.5
5.7
3.8
5.7
1.9
3.8
1.9
5.7
3.8
0.0
1.9
5.7

Teachers

59.5
48.6
28.4
14.9
23.0
23.0
24.3
13.5
8.1
8.1
12.2
14.9
8.1
2.7
4.1
6.8
2.7
2.7
4.1
1.4
0.0

Teacher educators

71.4
57.1
0.0
28.6
9.5
23.8
4.8
14.3
19.0
19.0
4.8
4.8
0.0
14.3
0.0
0.0
0.0
0.0
0.0
4.8
0.0

Table 3.8: Methods proposed for secondary school science — percentages by group.

It appears that the word ‘contexts’ in Question 1(b) and the word ‘methods’ in Question

2(b) were interpreted similarly by many respondents. Considering the brevity of the

guestions this is hardly surprising. Practical work was the predominant ‘method’
suggested by respondents (over 58%). Below are sample responses:

“Lots of experiments. Practical work, investigations, brainstorming, discussions.”

(Respondent 35, teacher)

“Group work, discussions, ICT, quizzes, use of interesting handouts, experiments
for everybody, VLE apps, powerpoint presentations, use of models.” (Respondent

4, teacher)

“Pre-assessment using formative learning method. Discovery approach followed

by new language. Hands-on experiments, much discussion and questioning.”

(Respondent 109, teacher)

“All available teaching tools should be focussed on developing pupil insight
(mathematical modelling, laboratory experiment, demonstrations, computerised

simulations and animations, applets, internet searches etc.” (Respondent 116,

scientist)

“A more hands-on approach e.g. More experiments. Getting students to think for

themselves.” (Respondent 102, student)
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“Practical work - more resources (time, technicians etc.) Essential to make the
most of out of this. Coursework B of Junior Cert. Encourages enquiring minds.
Time - if teachers had more time and weren't constrained by getting a syllabus
covered, there would be greater opportunities for students to explore their own
ideas . Use of ICT - powerpoint, clips from youtube or animations.
Demonstrations.” (Respondent 17, teacher)

Question 3(a) asked respondents what skills should be developed in science classes in

order to help pupils to become educated. The overall responses are summarised in
Table 3.9.

Skills mentioned in the responses % of total
ability to enquire 30 | I
self reliant, thinking logically, critical thinking 26 | NI
laboratory skills, instrumentation 22 | I
practical work, experiments 16 | W
problem solving 15 | Il
data analysis 14 | 1WA
independent learner, skilful, confident 11 |
planning, organisation, time management 9 M
write report, present findings, keep records 9 M
basic maths, drawing and interpreting graphs g |l
ICT, multimedia g M
communications skills, presentation skills 6 |l
group work, team work 6 |l
scientific method 5 (N
able to discuss; interactive, analytical skills 5 (0
(oral) language skills, literacy 4 |1
fun, variety, enjoyment, motivation 3|1
creativity, inventiveness, think outside the box 3 |1
able to apply knowledge 2 |1
curiosity 2 |1

Table 3.9: Skills to be developed in science education
The following topics were mentioned only once or twice:

active learning, hands-on, electronics, electricity, passion for science education.
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173)
=53)
74)
=21)
25)

% of total (n
Students (n
Teachers(n

Teacher educators (n

Scientists(n

Skills mentioned in the responses

ability to enquire 30.1 17.0 37.8 38.1 28.0

self reliant, thinking logically, critical thinking 26.0 17.0 25.7 33.3 40.0
laboratory skills, instrumentation 220 245 203 286 16.0

practical work, experiments 16.2 57 284 95 8.0

problem solving 150 57 216 19.0 120

data analysis 139 19 23.0 143 120

independent learner, skilful, confident 11.0 113 162 48 0.0
planning, organisation, time management 87 38 108 238 0.0
write report, present findings, keep records 87 57 81 238 40
basic maths, drawing and interpreting graphs 81 38 108 95 8.0
ICT, multimedia 75 57 68 190 4.0

communications skills, presentation skills 64 57 54 143 40
group work, team work 64 19 81 95 80

scientific method 52 19 68 95 40

able to discuss; interactive, analytical skills 46 38 6.8 00 40
(oral) language skills, literacy 40 19 27 95 80

fun, variety, enjoyment, motivation 29 19 14 48 80

creativity, inventiveness, think outside the box 29 00 27 95 40
able to apply knowledge 23 19 27 00 40

curiosity 23 00 27 48 40

Table 3.10: Skills to be developed in science education — percentages by group.

The responses indicate that teachers, teacher educators and scientists prioritised higher
order skills (critical thinking, ability to enquire) while students saw practical skills as more
important.

Below are examples of responses:

“Ability to think logically - to plan an investigation and carry out an investigation,
write a scientific report, analyse data, question data, and use scientific equipment.”
(Respondent 34, teacher)

“Practical skills, communication skills - oral and written. Presentation skills,
computer literacy, capacity for critical analysis.” (Respondent 4, teacher)

“Confident practical work. Initiative (not to be afraid of being wrong - allow student
to test their theories). Understanding and ability to apply this knowledge.”
(Respondent 13, teacher)

14



“Critical thinking. Learning that to ask the right question provides the correct
answer.. (Respondent 153, teacher educator)

“Higher order thinking and decision making. Structured thinking (logic). Manual
dexterity. Application of the scientific method.” (Respondent 149, teacher educator)

Some such as the following were quite comprehensive:

“Problem solving , critical thinking , logic, reasoning, scientific method and
approaches, communication, language, enquiry , research , investigative,
observation, and laboratory skills, (e.g. Using measurements instruments and
experimental apparatus) recording skills, planning and design skills.” Respondent
65, student)

Question 3 (b) asked what attitudes should be developed in pupils in order to help
them to become scientifically educated. The responses are summarised in Table 3.11.

Attitudes mentioned in the responses % of total

positive attitude, motivation, interest, fun 43 | [N
questioning, curious, inquisitive 35 | (N
logical thinking, reflection, open minded 17 | I
everyday applications; how things work 9 |l
problem solving 6 |
awareness of the world around them 4 |
work with others 4 |1
patience 4 |1
scientific method 3 |1
mathematical ability 3 |1
careful, precise 3 |1
sense of wonder; care for environment 2 |1
assessment, tests 2 |1
analyse data 1 |1
independent learner/thinker 1 |1
use laboratory equipment/instruments 1 ||
confidence 0.6

Table 3.11: Attitudes to be developed in science education — overall percentages

The responses to this question were generally shorter that the answers to the other
guestions. The attitudes most frequently mentioned were:

1. positive attitude, motivation, interest, fun
2. questioning, curious, inquisitive

3. logical thinking, reflection, open minded

15



=21)

8 —~ (= —~~
~—~~
N~ (32 < ~ Lo
— Lo N~ %) N
I 1l Il S g
£ c = = =
o = 5 %
6 i — (&) ‘(7)'
— c (O] > =
(@] () = © =
+— S [5) Q c
= > @®© — o
o O [} )
o [y ~ < wn
> )
©
o
|_

Attitudes mentioned in the responses

positive attitude, motivation, interest, fun 428 64.2 33.8 38.1 28.0
guestioning, curious, inquisitive 353 7.5 527 38.1 40.0

logical thinking, reflection, open minded 17.3 1511 176 286 120
everyday applications; how things work 92 57 95 143 120
problem solving 58 38 54 95 8.0

awareness of the world around them 40 00 68 0.0 80
work with others 40 19 27 95 80

patience 40 75 14 48 40

scientific method 29 00 27 95 40

mathematical ability 29 00 27 95 40

careful, precise 29 19 14 143 0.0

sense of wonder; care for environment 1.7 19 27 00 00
assessment, tests 1.7 57 00 00 0.0

analyse data 1.2 00 27 00 00

independent learner/thinker 1.2 00 27 00 0.0

use laboratory equipment/instruments 1.2 00 14 00 40
confidence 06 00 14 00 0.0

Table 3.11: Attitudes to be developed in science education — percentages by group.

In general the respondents recommended that teachers should try to make science more
enjoyable, engaging and responsive to students’ questions. When students see the
relevance of science to everyday life they are more likely to be interested in it and to
enjoy it. Successful investigations in which students progress from raising a question
about something they have observed to researching, hypothesising, experimenting and
drawing conclusions are very motivating for them. Investigations that are too difficult for
students can lead to frustration and can foster negative attitudes to science. For this
reason careful judgement is required on the part of the teacher in allowing, selecting or
suggesting investigations.

While making science enjoyable was seen as important by many respondents, and
especially by students, the majority of responses indicated that students are likely to
have positive attitudes to science when they are facilitated in understanding scientific
principles, asking questions and generally becoming independent learners.

Here are some examples of responses:
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“An enthusiastic attitude helps you understand the topics better.” (Respondent 70,
student)

“A sense of discipline and need for precise , thorough work to achieve accurate
results should be developed. Creativity, enterprise, innovation must be encouraged
and nurtured. Curiosity and intrigue in how the world works. A positive attitude
towards the relevance and need for the science. An appreciation of the natural
world around us.” (Respondent 65, student)

“Positive thinking towards science classes. Students with a sense of belonging to
the scientific community, create enthusiasm.” (Respondent 6, teacher)

“Positive thinking and appreciation of the world all around them. Seeing the links
which make the world a wonderful place.” (Respondent 3, teacher)

“Attitude to challenge rather than accept concepts / definitions etc! A positive
attitude to teamwork in order to hear other pupils thoughts, view and opinions and
to challenge and appreciate their various perspectives on different scientific
concepts.” (Respondent 153, teacher educator)

“That science is interesting and fun. That science is useful and applicable in our
daily lives.” (Respondent 163, teacher educator)

“Respect for the scientific method. Value of logical and critical thinking. Value for
understanding material (as distinct from rote memory.” (Respondent 116, scientist)

“Curiosity, self-satisfaction with discovery, appreciation of nature and the wonders
of the world.” (Respondent 128, scientist)

In summary, while respondents favoured more enjoyable science lessons they also
valued higher-order learning involving questioning, investigating, looking for evidence
and understanding.

17



Appendices

18



u] u] o Il B1 =N sUaeULExa =2ed 0]
0 0 Il ¥ oo =] SEap| 1o JusidoEAsp (S2103EY 10 SEpe|AmoUy
] ] Il 1 oo a0 Allenioa|2u doj@aap
0 ol on oo If =1 adinkul 0] Udes| 0]
] ] Il £'2 oa Il &1 AJEIUNLILCYESNaEIR 0] Lea|
] ot Il +1 oo | = 2|IME (eopoead e
i ] Il 1 I ¢ | ¢ abpaanouy 2yl puedxa Jo dojaaap
u] W 0 I| +1 Il £ [1IE uoipeaadderapuoss, jo asuas & dojgasp
u] I s Il r 0 1| Buuea) Buojay) ‘Buudes| 1o aso| & dojassp 0}
| 0 Il * i I| =7 =anEE [egolb 10 szaualeme doEasp
m = 0 I 0 I & 20US[DE J0 2aUeduflE Sy AIRID0S U SaUS0s Jo aaed a4y} puElsISpUn
Il * 0 B s 0 I = aslashn 0] uies)
u] u] B s | 1| = Buuea) eyl Adde o) wea) oy
I + 0 || 0 Il = aslleadd ag o] 'SAUY] Aval JSA0IEIR 0] S|ge 20 O}
| i] [ 1E 0 i ¥ B0z waqoad
H = 0 B = B 3 B s afpajaouy [elausb
0 0 | = W 5 B s Lyl ARG Len au 1o BURU0AL S pUgizspUn
[ [ | 0 s 1|l + m adnjny [eoiBojouyDe] Jo)p uolededaid
0 I s | 0z Il ¢ H o BUpUEiz1apUn
I r | vl MW & M cl | oL afia)0D Ul S254N00 82U212E 40} uopededaad
0 I s | T Il ¢ L asAlEUE 0] "Alebo] JUILy of eS|
I 3 | 5l m : o cL M L 23USI2S Ul J58UaiU pui dojaasp
M Tl | 7 H = o L [ 1Y ALIOUODDE HA0an 104 uonesedsad
W o2 I o¥ I 5l B 5 || ay 4o uoneedasd
| | Gl | a7 B 1 | 3l AlE0LIND do@asp SRULY) uosank 0] wiea| ol huiw Audinbus e do@asap ol
| [ | M M cL m aouzinE Ul eadeo uogesedaad
1 o ¥ | 0z I G | o IURIDE J0 SR Udes| 0}
[ ] I o [ S I . 2de Aoy = aue SEULY AL 0 SELILL AOL PlI0A SU} puelslapun o}
1 o slayorea] Y SJU=IpnNISs % eyel Jo o sasuocdsal ayy ul pauopuaw sueseay

Zlooyss Ul s30alans asusias Buiysea) 10) sUGSESS UIEW 2U] ¢ a5 oA op 1eumn (e)
"UoIesnpa asUualss JO IXaJUO0D pUe SWIY '

e | uonsany 0} sasuodsal jo Aewwnsg

19




1] u] oo I| =] palaguawal Janag S 1 - DU
i} 0 oo I| € a0 TR (2N 220
] 0 oo I| € =Xl z)2a] Jejnkad
1] 0 oo I| € ag sU0gsa| pauued [ ued 2 asey
a 0 Il ¥ a a0 Falggoy
1] 0 Il +1 i a0 AyEouna dojasap
] 0 Il ¥ 1] =Xl yoeoldde JzAl0n1s00g
i] 0 Il +1 ] a0 JUSIEEIEER SNONUL0D
I + ] Il £z ] Il L1 |eanoeld Sk jaa 38 foaly)
I r 0 It | z If 2 A0S Wwajcoud
] 0 L | ] [ a0 00|
1] M| 0L Il +1 i 1S ZUOREIEUOWER
Il + i I| £z [ 1 SElE JU8LInD
] ] Il '+ ] 1 yaeoudde papeifaian jo yoeodde Jenaina-sso0
a 0| s Il #1 L 1 Il € (Jzadi0s "jshualas Auno s, B e) suogiaduog aauaios
Il r 0 Il r u} I| ¢ oA dholl
Il v 0 It L 1 Il € unj
u} 0 B s u} | 7 saigunpoddo laased moys
1] 0 I F L 1 Il £ Alalies
0 m| 0l I| £ | z If £ Hdoan, Jaaioud
Il 0 I| & Il t I| £ ‘0jE sdeuwes SOl
o E (B [ & 1l & Alalies "BUILIES| paseg Alalde
I + 0 It M L | = EUolel=UoWER
H = E m : il v B = Alp1a0s pue ABOOULDE ] SausIas
I + H| 0L H 2 | B a9 SaljoElagll "ajeGaE J0 UDISShISE
o = M| L 0 s B 3 W = ury 240w "seade paleed 20US0E U Slsadad euossad s dojgasp
I + | 7 ||yt W & H L E{RSWINW " SUopUaEa JI0d4amad SSh "laudaiul ' L)
m = M| oL | | = M 7 pased Adaaoosip yaeoddde aaebnsasul 0 pasedy Adnbus
m & H| 0L [ |1 | L | vl E3PAl0E Uo-2pUel
| T M vl | 9l 0 3 || 22USI0E |0 uoged) ik
| o7 I cF I Ct | . 1S JenEfEd SUOEnYE S| (e El) Aepdlans
I ES I /9 | o7 I | oS | EJuaiacxa [edaed
S1SNUIIDS Y SA01edNp3 9% sialyorea] o SJUaIpMs Y [ejol Jo o sasuodsal ayl Ul pauonuaW s3Xa3U0D
A=zlrea]

£5D11AII0R [EUOIJEONP A PAJR|al-30USIDS [ELUCIMPPE L] 3S2433UI UB )] 03 WaL)

sbednooua o3 JapJto Ul siikdnd 03 yBney 24 pINoUs sUCSS| 22UR125 JEU) JUIYI ok op S3XaIU0D JeuMm U] ()

‘Uenelnpa 22U2105 1O JXaqUod pUe SWIY "L

q | uonsany o} sasuodsal Jo Aewwng

20



F|SUSIE

AdEnpul (EDnnEoeweyd

LojEISInILE L] A0 je 00|

pajongEung ale sEUpInG asoy

R et ] ] B
=1 E=1E=1K=]

ERENETN

SIEAlEUE BlER

Brd e Bura

[EIPEDNE | [Epa

[Tt

[ souodaE sagnelpAy) aaumas o uopeadde Bussauifua 1o EugsnpU

ARojozb

aunynaLbE

ROLELI 2YUSIDE

UL 0 | ) P P ) P Y
| c = = =] =] =| | =

IHE [EMELELE

Mao|lao|lo|=|=|o|ao|co| oo oo oo

—

suoipeaddde eogoaead

udiEsdazund AbJaua 'ARlaua a|gqeanaual lsan)

sasAyd Wapow

Buyce i

Ml of =] o

—

AdEILEyD

“rHulsauBua djaual | ADBooUYaE10y | ADojoIgaAIw

Oy mOf—(w) ol O —] oo ol ] O e 2

Afoooa

o

Afooig Jenasjow ABDjoUYaa10g AASIUEayI0g JIse

=
—

P WO W e o 00 0| 0|

aduans aoeds Awouodise

™
—

AEILEYD [EUEnpU

Llw|=r|wolo|o

—

™
—

aouans Lo uoeadde pue ay) Aepldana

o
—

Lo T ot (N s ol ol Nt Yt v (o e R ) ol (o e o T ) Y I s '}

Fl

20U2I0E [EIIAUU0AALD [SINSE] [2IaLU0IALD

[fu)
—

—
(o]

Fl

=0IU040aa pAN0a)E

—
—

Lk

sashyd eiaual

=
[}

[
o

[

ARooig jelausb

o) o oo w2 m

= = o = [}
iy TR e LSS il B = BTN PN RN =) it B P B e B Bl R e e N L B =T = I Bl B

58

[ap]
[}

¥

AdIEILELD sy

™
o

—
[

Sl

e
—

5T

20U210% [elauah

o
R

[
L

IlIIIII...II. —|m | = | | | [ = —| = —| =
[
(o]

ES

—
L

513

oG Ao Ay " AROD LewinL

5)15IURI0S

=

s10jeonp3
Jaysea]

=

siayoeal o

sjuUapms

g

lejol jo

sasuodsal a3 Ul pauocnRuUaW saWwayl

uopesnpa Mosindwod Jiayy Jo pus a3

Ag sidnd 03 suessa| 2aua19s U yBnel 24 pihoys Juiul nod yewy (so1dol) sawau 2IUR12S 151 #5e2|d (e)

UOEINPD OUIIDS JO SIWSL] PUE JUUSD J0algns 2

e Z uonsany o) sasuodsal jo Aewwnsg

21



0 0 It 1] =Xl AL podsa
0 0 ] I| ¢ Y] Y000 AIUSI0S BUIpEs.)
0 0 Il 1] a0 AuA0s wagod
0 0 Il ] Y] AIUIDES DISUI0L
] 0 1] I (104 SHOOCI0AN ' SIBALEH A0
] 0 | & 1] (104 elwepn Aepd 2)0d ' 2au0lE AuEn
1] 0 (| l| € | AjIo03 pue ABojouuyaa) 'aausing
0 0 It I| |2t )za) Jenbad
1] I G u} I| ¢ Il Z1 AER2ARD 52040 Y2ealdde paje B
0 0 Il I| € (1A suossa| pauued aan e B asey
0 0 | & 1] Il e sdayeads 1sanb
] I s 1] I| z |z sEaE papeal aduains Ul slsalall puosiad Jay) doj@ssp
I + a0 Ik ] Iz SsAEUE Blep
u] u] ] 0 3 1| z AU AdelLns
0 I = It I| Il € AUuEs| pesey ARARoe
I v 0 [ | ] | adauos 0 uoeo)dde
| I il | & [T | & Buppuiny Japao- sy
] 0 | & | ] Il & padjuaa-auyoea) uoeusdia
] o ¢ I| € I uny 'spouiaw o Aales
I + 0 I F I + [ | AuBao) epep
H 2 | L Il £ I| I s aAlaEIE
] 0 | B g |- S2AIRIE UD-2pUey
u] Il s M| sl Il + [ 1] spdoansE0d 'sawel yem "sadeuunlzank 'sazzink
1 + e LI 1] LE S0 oo
1 [ 1IEP H = H = CIIR suoaduod "o SleuEs el
M| 7l Gl | B =z | sy plal
| 0T M| M rl I| | 1A sajdwexa JUeAafEd 10 824000 SUojeddde ploas (B8 'a)) Aepdlasa
H = [ | [ | Il r M AuLea) Aasoazp Yoeoddde asjeflzasdl Jo pasedq Alnbua
I v | +C | :C Il r [ 1D Auea) aspesadons Buyaea) soad 4o dnolb
o L M oL [ | H = [ 1IED Auyuiyl Buides) aaltesapl BUW0SURIY 'B1EgaR J0 UOISSNaSp
| 0z | 5T | S o cl [_|FA" S[ER0W ' SUDE UL
] o | o7 | Gl | 2l SuoeUasald U080
I OF I 5 I &t | OF I aF RSN " Soe] [Enps Lo
I 09 | I 55 I GF | 25 SjalLEcdE BULIES| aagde suallada (e
515UAINS U si0Jesnp3 % siayosea] o sjuapns % eyol jo o sasuodsad alj Ul pauouUaW spoYIa N
Agyosea |

ilooyoss fuepuosas ul syoalgns asualns Buiyosea) 1o} |njash aJte |aa) ol spoliaw 151] asea|d (d)

LUCREINPD SOUSIDS JO SIWSL pue JUIUod Joalgns "2

q Z uonsanp o) sasuodsal Jo Aewwng

22



0 0 0 | an pa 28 404 uoissed
o 0 1 0 a1 ApoLgagE oI008
1] 1] | £ 0 1 Lo-spLey
o 0 I | = | Buies) aae
| | | £ ] I| Apsoung
Il F 1] I| £ I| Il abpajanouy Adde o1 a)ge
il v M 0 | & 0 I| = X004} SPISIN0 JUILL  ssauaauaaLll  ALaesao
B = il = L | | £ LoeAow aAoius ' Alaues Uy
| M 0 | £ | il * Aoty ‘Sliys afenBUe| (jea)
| ] [ | | il s S(I4E [e2RAEUE ‘BAlIEIEI [EENISID 0F S0
il v M 0 (] | = H s POLJEW DY UIRI0S
| M 0 H = | = [ | HHoAN Wea] " jaom dnoub
| | [ |- 0 s [ | E(IHS uoReidasad 'SlIs SUo/EIUnULIIGD
| | [ | H 9 | Elpaugn ‘| 2
L 1E M 0 |y il v [ 1 BE Sydef BuaIclisil pue BUased "sUpel Dlsedy
i r | rC | B s H s Spaooad dasy 'shupuy asald 'Lodas apuan
0 | T | |k Il F H & UawabeUEy 2] uopEesebo Buuued
] | | al M | MapiUoD 'nyys tieules) Juspuadapu)
M M v [ | | = B SlzAEUE Blep
M Tl Gl [ | 0 s [ | Burs|os wajgoad
| M 0l [ | 0 s | Gl SJUAEEEE 0N D0
| 3l [ | [ | | sC [ | Ualjepiawnigsy) ' |yE Alopeloge|
| Ot [ |I=3 [ EH | [ |EE BURUIL [ " AlleDIfo) Buiguy) jues) 8
| o7 [ | [ | || rae [ | adinbus o Apjoe
S}S5IJUIIDS I sloyeonp3 Y% slayosea] sJjuapns eyol jo o sasuodsal ayj ul pauopuawl S||IYS

ayosea]

spajesnpa awodag 03 s|idnd diay 01 4apldo Ul sasse|d a2U105 Ul padojaaap ag pInoLys JUILl ok op s|lI1Ns yeynn (e)
'SIPNIPE PUE S|[INS £

e ¢ uonsand o) sasuodsal jJo Alewwng

23




1] 1] | " 1] Q| [aouspyuoo
il + 1] Il 1] Il 1 FuawnEUrUaLdinke Siopeaode 250
1] 0 Il £ 0 | " dayuiyiauea] Juspuadapu)
1] 0 Il £ 0 | " Bjep ashEUe
1] 1] 1] B 3 I| z]2a] ' Uassosse
0 1] I| £ I| & Il = IIauo AL 10) e Japuoss, 1o asuas
0 M 1 I| I| & asioald 'nyaded
[ | M 0l Il £ 0 Il £ Apncye (e
[ | M 0l Il £ 0 Il £ pouiaw Jpde0E
[ Il s 1 H = il + sauped
| M 0l Il £ Il ¢ i+ S0 LA 404N
| 1] 0 : 0 Il + WaY] AUNCUE [0 SU] J0 SEEU8 M E
| M 0l | | B 3 Buaos wagod
|| M vl M E Bl 9 M 5 yaoan hugy Aoy suoeondde Aepiiasa
| Bl 57 | cl | Sl o PEpLIL Usdo ' uoigaEad  BuyUg) (el
I ot [ =ty | W = | SC Buuoizant 'asgzmnbu ' snouns
[ = [ =ty [ | [ | | cr apnie sasod UoEARoW "Uny 1alE]l
SISNUANS % siopeanp] Y slayaea] Y sjapnys % leyo] Jo oo sasuodsal ayy Ul pauoiuaw sapnIny

ipajeanpa Allesynualas swoosag o3 wayl djay o3 Japdo ul sjikdnd ul padojaasp aq pinoys yuiyy noh op sapniye yeym (q)
‘Sapnjipe pue s|IS "¢
q ¢ uonsany o) sasuodsal Jo Alewuuung

24




