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OECD (2015), Universal Basic Skills



Science education in Europe

The Rocard’s report (2007)

“students have a percepti-
on of science education as
irrelevant and difficult”
(Rocard et al., 2007, p. 9).

Rocard, M., Csermely, P., Jorde, D., Lenzen,
D., Walberg-Henriksson, H. & Hemmo, V.
(2007). Science Education Now: A Renewed
Pedagogy for the Future of Europe. Brussels:
Directorate General for Research, Science,
Economy and Society.



The Rocard’s report (2007)

It recommends using Inquiry
Based Science Education (IBSE)
to strengthen scientific education
in Europe



Andrea Schleicher, one of the architects of the
OECD’s Pisa examination, says research shows
there is a high demand for problem solvers,
effective communicators and creative thinkers

Christopher Pike / The National: January 6, 2014



Science education is valued

Some countries pay a lot of
attention in the education of

gifted students



Lots of books ...

... and studies



What the best college teachers do

1. Know their subject matter extremely well

2. Prepare for their teaching sessions seriously

3. Expect more from students

4. Create a natural critical learning

5. Treat students fairly

6. Check progress and evaluate efforts

environment



The PROFILES project

Professional Reflection-Oriented 
Focus on Inquiry Learning and 

Education through Science



Partners in the PROFILES project

2010-2015



PROFILES in Italy







The Continuous Professional
Development (CPD) of teachers,
together with a kind of teaching
oriented to the reflection, in
essence, represents the focus of
the PROFILES project

Professional development



CPD in Italy
Three didactic methods have formed the backbone
of the CPD in Italy:

Cooperative Learning

The use of Summaries and 
Concept Mapping

Problem Solving



Concept Maps 

Cooperative Learning

Problem Solving 

A demanding environment 





CPD in Italy

The use of these methods was made
even more productive by means of two
teaching factors rarely used in Italy:

The Argumentation

Visible Learning and Reasoning



Visible Learning and Reasoning



Visible Learning and Reasoning



Visible Learning and Reasoning



Visible Learning and Reasoning



Visible Learning



PROFILES in nursery school



Degradation and environmental deterioration



Degradation and environmental deterioration





PROFILES in elementary schools



Kneaded, Cooked and Eaten

Two classes are involved: primary
three and primary five

A very ambitious project
was planned



Kneaded, Cooked and Eaten

The project consisted in:

the study of the pack

the selection of material for disposal

the analysis of the barcode

the search of the recipe

the informed purchase of ingredients



Kneaded, Cooked and Eaten

the work in the school kitchen

the calculation of the cost of production

discussion of the promotional campaign

the realization of the packaging

the preparation of the presentation to 
the parents and the school



Visible thinking



Visible thinking





Concept map



Cooperative learning



The packaging





THE CHARLIE’S CANDIES
For his birthday Charlie has received a
gift box with 28 candies

Charlie is a very greedy baby and every day
eats twice the previous day and in three
days has eaten all

How many candies Charlie ate in each day?

Explain how you found out



Fifth grade pupil



PROFILES in high schools



PROFILES in high schools



Chemistry and Biology
... What a Pizza!!!

Daniela Bianchini, Francesca Maria Foresi 
I.I.S. Corridoni-Campana, Osimo; Italy 



Background

With the aim of increasing the interest,
motivation, and active involvement of the
students in the processes of learning and
studying, a didactic module suitable for
learning important concepts in Biology
and Chemistry has been developed



Background

Through the module, the idea was to introduce the
students to the study of biology and chemistry by
means of a daily life phenomena

Pizza is a food very popular among

teenagers and featuring strongly, together

with pasta dishes, in Italian gastronomy



Scientific Goals

Scientifically, this grade 10 (second year
of secondary school) science (biology and
chemistry) module is about fermentation
and chemical reactions



Educational goals 

increase students’ motivation 

increase self-esteem

increase social abilities  

leadership, and communication skills 

group and experimental work





LA PIZZA

Si fa con

Olio o strutto
farina

granulometriaorigine

forzalievito

Zucchero o latte

Acqua

durezza temperatura

chimico

madre

Di birra

Divisa per

Diviso in

Divisa per

Continua…



Procedimento

Influenzato da

Tempo di lavorazione

Sequenza delle operazioni

Dimensioni del prodotto
ambiente

temperatura umidità

cottura

tempotemperaturaTipo di forno

A legna ventilatostatico

cioè

Che può essere

cioè







Didactic objectives 

To use the inquiry scientific method to
study a phenomenon (the leavening)

To identify the variables that influence
the success of a complex phenomenon

To study the effect of some parameters
taking constant other variables



Didactic objectives 

(such as the temperature, the sugar, 
the change of the ingredients) 

To identify the most suitable expe-
rimental tests to verify the initial
hypothesis





In the kitchen

The work was carried out in laboratories of
chemistry and science, and in a kitchen for
cooking pizza

Three classes were involved and, with
reference to the educational needs
related to ministerial curricula,
emphasis to biological/biochemical
aspects – and chemical kinetic was given







... at the university



Cmaps & Summaries 















From the same «artist»









A study on
Scoring Concept Maps





In a 2 x 2 instructional technique (concept
mapping or summarizing) 345 engineering
class (section A and B) experiment students
in each section were randomly assigned,
half to each instructional treatment

Scoring Concept Maps

At the end of the course, students’ achievement
was measured on a problem-solving test, an oral
examination and other assessments



A one way ANOVA was performed looking for
correlations with:

Scoring Concept Maps

The Final Exam Score; 

Midterm Score (first partial written exam);

Number of Problems solved during the 
course;



Creative Problem Solving;

Pintrich’s Motivated Strategies for Learning 
Questionnaire;

Field Dependent/Field Independent Test;

Number of Concept Maps turned in

Number of Summaries turned in



Scoring Concept Maps
Descriptives

0 . . . . . . .

5 1.20 .447 .200 .64 1.76 1 2

2 1.00 .000 .000 1.00 1.00 1 1

2 1.00 .000 .000 1.00 1.00 1 1

9 1.11 .333 .111 .85 1.37 1 2

7 21.57 8.810 3.330 13.42 29.72 5 30

32 21.44 8.784 1.553 18.27 24.60 0 30

28 19.89 8.377 1.583 16.64 23.14 0 30

14 20.07 9.161 2.448 14.78 25.36 3 30

81 20.68 8.580 .953 18.78 22.58 0 30

7 21.43 9.863 3.728 12.31 30.55 2 30

27 28.00 3.013 .580 26.81 29.19 20 30

23 26.78 5.931 1.237 24.22 29.35 5 30

11 26.45 5.466 1.648 22.78 30.13 15 30

68 26.66 5.643 .684 25.30 28.03 2 30

6 78.17 69.718 28.462 5.00 151.33 16 207

30 118.97 73.963 13.504 91.35 146.58 11 288

27 96.70 52.585 10.120 75.90 117.51 13 212

14 121.07 98.830 26.414 64.01 178.13 14 406

77 108.36 72.238 8.232 91.97 124.76 11 406

4 195.50 18.267 9.133 166.43 224.57 176 213

28 206.04 15.332 2.897 200.09 211.98 178 237

28 214.18 22.601 4.271 205.41 222.94 176 250

11 214.82 22.122 6.670 199.96 229.68 178 246

71 210.01 20.021 2.376 205.28 214.75 176 250

6 12.67 3.077 1.256 9.44 15.90 10 17

24 11.04 3.127 .638 9.72 12.36 4 17

22 12.73 2.979 .635 11.41 14.05 4 17

11 12.18 3.027 .913 10.15 14.22 6 16

63 11.98 3.077 .388 11.21 12.76 4 17

7 27.29 3.450 1.304 24.09 30.48 23 30

32 24.66 3.756 .664 23.30 26.01 18 30

29 23.90 4.047 .752 22.36 25.44 18 30

14 25.79 4.388 1.173 23.25 28.32 18 30

82 24.80 4.004 .442 23.93 25.68 18 30

0 . . . . . . .

32 16.1250 5.28388 .93407 14.2200 18.0300 3.00 25.00

6 1.1667 .40825 .16667 .7382 1.5951 1.00 2.00

13 5.5385 4.27425 1.18546 2.9556 8.1214 2.00 15.00

51 11.6667 7.57804 1.06114 9.5353 13.7980 1.00 25.00

0 . . . . . . .

2 4.0000 4.24264 3.00000 -34.1186 42.1186 1.00 7.00

29 16.0690 4.65933 .86522 14.2967 17.8413 1.00 25.00

14 13.0000 4.20622 1.12416 10.5714 15.4286 3.00 18.00

45 14.5778 5.17638 .77165 13.0226 16.1329 1.00 25.00
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Creative Problem Solv ing

Midterm Score

Final Exam Score

Number of  Problems

Completed and Giv en to

Liberato

Pintrich's Motivated

Strategies for Learning

Questionnaire

Field Dependence/Field

Independence Test

Total Class Score

(midterm+f inal+oral

exam)

Number of  concept  maps

turned in

Number of  resumes

turned in

N Mean Std.  Dev iation Std.  Error Lower Bound Upper Bound

95% Conf idence Interv al for

Mean

Minimum Maximum



Scoring Concept Maps
Test of Homogeneity of Variances

2.370 2 6 .174

.061 3 77 .980

3.054 3 64 .035

1.754 3 73 .163

1.813 3 67 .153

.078 3 59 .972

.401 3 78 .752

4.388 2 48 .018

.011 2 42 .989

Creative Problem Solv ing

Midterm Score

Final Exam Score

Number of  Problems

Completed and Given to

Liberato

Pintrich's Motivated

Strategies f or Learning

Questionnaire

Field Dependence/Field

Independence Test

Total Class Score

(midterm+f inal+oral

exam)

Number of  concept maps

turned in

Number of  resumes

turned in

Levene

Stat istic df1 df2 Sig.



Scoring Concept Maps
ANOVA

.089 2 .044 .333 .729

.800 6 .133

.889 8

46.458 3 15.486 .204 .893

5843.196 77 75.886

5889.654 80

240.866 3 80.289 2.715 .052

1892.355 64 29.568

2133.221 67

14775.460 3 4925.153 .942 .425

381818.4 73 5230.388

396593.8 76

2025.278 3 675.093 1.737 .168

26033.708 67 388.563

28058.986 70

36.692 3 12.231 1.311 .279

550.292 59 9.327

586.984 62

81.184 3 27.061 1.733 .167

1217.694 78 15.611

1298.878 81

1785.769 2 892.885 39.480 .000

1085.564 48 22.616

2871.333 50

323.116 2 161.558 7.928 .001

855.862 42 20.378

1178.978 44

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Creative Problem Solv ing

Midterm Score

Final Exam Score

Number of  Problems

Completed and Given to

Liberato

Pintrich's Motivated

Strategies f or Learning

Questionnaire

Field Dependence/Field

Independence Test

Total Class Score

(midterm+f inal+oral

exam)

Number of  concept maps

turned in

Number of  resumes

turned in

Sum of

Squares df Mean Square F Sig.



Scoring Concept Maps
Midterm Score

Tukey HSD
a,b

28 19.89

14 20.07

32 21.44

7 21.57

.956

Receiv ed treatment

condition

Resume

Both

Map

Neither

Sig.

N 1

Subset

f or alpha

= .05

Means for groups in homogeneous subsets are display ed.

Uses Harmonic Mean Sample Size = 14.222.a. 

The group sizes are unequal. The harmonic mean

of  the group sizes is used. Type I  error levels are

not guaranteed.

b. 

Final Exam Score

Tukey HSD
a,b

7 21.43

11 26.45 26.45

23 26.78 26.78

27 28.00

.072 .890

Receiv ed treatment

condition

Neither

Both

Resume

Map

Sig.

N 1 2

Subset f or alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 12.727.a. 

The group sizes are unequal. The harmonic mean

of the group sizes is used. Ty pe I error lev els are

not guaranteed.

b. 



Scoring Concept Maps
Number of Problems Completed and Given to Liberato

Tukey HSD
a,b

6 78.17

27 96.70

30 118.97

14 121.07

.436

Receiv ed treatment

condition

Neither

Resume

Map

Both

Sig.

N 1

Subset

f or alpha

= .05

Means for groups in homogeneous subsets are display ed.

Uses Harmonic Mean Sample Size = 12.967.a. 

The group sizes are unequal. The harmonic mean

of  the group sizes is used. Type I  error levels are

not guaranteed.

b. 

Pintrich's Motivated Strategies for Learning Questionnaire

Tukey HSD
a,b

4 195.50

28 206.04

28 214.18

11 214.82

.146

Receiv ed treatment

condition

Neither

Map

Resume

Both

Sig.

N 1

Subset

f or alpha

= .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 9.701.a. 

The group sizes are unequal. The harmonic mean

of  the group sizes is used. Ty pe I error lev els are

not guaranteed.

b. 



Scoring Concept Maps
Field Dependence/Field Independence Test

Tukey HSD
a,b

24 11.04

11 12.18

6 12.67

22 12.73

.548

Receiv ed treatment

condition

Map

Both

Neither

Resume

Sig.

N 1

Subset

f or alpha

= .05

Means for groups in homogeneous subsets are display ed.

Uses Harmonic Mean Sample Size = 11.604.a. 

The group sizes are unequal. The harmonic mean

of  the group sizes is used. Type I  error levels are

not guaranteed.

b. 

Total  Class Score (midterm+final+oral exam)

Tukey HSD
a,b

29 23.90

32 24.66

14 25.79

7 27.29

.109

Receiv ed treatment

condition

Resume

Map

Both

Neither

Sig.

N 1

Subset

f or alpha

= .05

Means for groups in homogeneous subsets are display ed.

Uses Harmonic Mean Sample Size = 14.285.a. 

The group sizes are unequal. The harmonic mean

of  the group sizes is used. Type I  error levels are

not guaranteed.

b. 
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Received treatment condition
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Gifted
Students



Problem solving is an higher-order
cognitive skill

Higher-order cognitive skills  

To solve a problem is different
from knowing a concept or a
formula

Teach Less, Learn More



Hanoi tower



Restrictions
The only allowed move is to grab one
disk from the top of one peg and drop
it on another peg

1

2 A larger disk can never lie above a
smaller disk



The solution
A                 B           C

A                 B           C



We have 12 small cubes apparently equal

One of them has a weight different
from the others



There is also a scale with two
pans

How is it possible, with only 3
weighing, to establish exactly which
weights differently from the others
and if it weights more or less?



D O N A L D +

G E R A L D =
_____________

R O B E R T 

F. C. Barlett, Thinking, Allen & Unwin, London, 1958, p. 51

CRYPTARITHMETIC



Creativity in Problem Solving

A mixture formed by NaCl, NaClO and
KClO contains 16.64% of oxygen and
21.52% of Na

Calculate the percentage of K in the
mixture (mxt)



It is allowed to use only the reasoning

Mathematical crutches such as
linear equations or systems of
equations are not allowed

Rules of the game



A mixture of CH4O, C6H6, and C7H6O
weighing 44.37 g has the following
elemental analysis: C = 68.74%; H =
8.905%; O = 22.355%.

How many grams of C6H6 are
contained in the mixture?

The problem



Conclusions



Concept Maps

Concept maps are
a way to represent
knowledge

They were invented
in 1972 by Joseph
Novak





... meaning building is an idiosyncratic
event, involving not only unique concept
and propositional frameworks of the
learners, but also varying approaches to
learning and varying emotional
predispositions. (Novak, 2002, p. 555)

Knowledge is constructed idiosyncratically

Novak, J. D. (2005). The pursuit of a dream: Education can be improved.
In J. J. Mintzes, J. H. Wandersee, J. D. Novak (Eds), Teaching science for
understanding: A human constructivism view (pp. 3-28). San Diego, CA:
Elsevier



“A simple qualitative judgement of students’ concept
maps is all that some teachers want. ... Scoring was
in many respects irrelevant, for we were looking for
qualitative changes in the structure of children’s
concept maps. But because we live in a numbers-
oriented society, most students and teachers want to
score concept maps.”

J. D. Novak, D. B. Gowin, Learning how to 
learn, Cambridge University Press: New 
York, 1984, p. 97.

Scoring Concept Maps



Ammonia's synthesis













谢谢！Thanks



A men bought a horse for 6,000
¥ and sold it for 7,000 ¥. Then
he bought back again for 8,000
¥ and sold it for 9,000 ¥. How
much did he make in the horse
business?

Problem Solving



A men bought a white horse 
for $60 and sold it for $70

Then he bought a black horse for
$80 and sold it for $90. How
much did he make in the horse
business?

We Focus on Inappropriate Aspects of the Problem






