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XXI century society:
a complex challenge
for curricula
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Liquid Times:
*Constantly changing conditions

_ | eUncertain future
& *Collapse of long-term thinking

*Focus on short-term goals

*Focus on individual responsibility
*Risk is to stand still
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o Poigfillist time ‘

+ Nowist cultire: d'gsolution of the plot that
connects the present with the past and with
the future

* Lack of narratives: the fragments threaten to
become hegemonic.
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Towards a naideia 2.0 %éﬂcu'o
(= paideia + “liquid” practices)

= Against pointillist time
= Reconstructing narratives

= Reconstructing intersubjective
links

= Using the ICT affordances for
surfing through the liquid society
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Liquid practices

ICT (e.g. Mobiles) affordances

to enable learning in liquid society:
Accessing "
Sharing Endr.ances
Building

Co-creating

 Supporting

Managing 5

Across settings &

Across time

(Franziska Trede, 2016 )
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1a. Designing Curricula:
a complex task
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What /How to teach?
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The development of a school curriculum must
take into account both the instrumental and
the cultural function of mathematics: it is an
essential instrument for a quantitative
understanding of reality and logically coherent
and systematic knowledge characterised by a
strong cultural unity.



urriculo
What /How to teach? L
Levels 4 °
TS TMERA RIS - 2017
Conferéncia Internacional
oy oo, Pensar a matematica
3 . MACRO
P e —
/
‘ ’ l’
¥ MICRO / ’ 4 /
/ 2 17 ’/‘,’ !
’, 4 ’, /’

4 L L e 4
Je— y, L 7
/ / f——l—
/ /

/ ’ 4
/¢ Intend, ’ Tenﬁ G 4 implem,, 4 Assess. Learned Facets
/ / /

s —

Topics /

The teacher is supposed to tackle these themes in
an integrated manner, trying to connect them to
other topics and to other subject disciplines.

Many examples are necessary to give the sense
of the integration of the three structural
components.



1b. Comparing Curricola:
the risk of ambiguity

#8 REPUBLICA

4
* PORTUGUESA

EDUCAGAO



r
ricylo
direcao-geral

Jricy
A
o
]
~a
seducacao 2017,
B a5
P a4 / Conferéncia Internacional
/ :

Pensar a Mat ematica

The structural description of curricula can be an
antidote against possible mistakes done when
analysing curricula for different purposes:
comparisons, assessments, content, ...

The complexity of the structure shows how
complex any analysis should be and how easy
can be drawing superficial or wrong conclusions
because some level or facet is forgotten.
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As E. Silver (2009) points out, the intentions and
actions of the consumers of international
comparisons often rest on too simplistic
assumptions about the relationship among the
various interactive constituent parts of the
education system in a country: official curriculum
goals, textbooks used in schools, teaching
practices, teacher preparation and ongoing
support, and student learning outcomes.
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This superficial approach can have negative
consequences: for example policy makers
could be induced to undertake programs and
give recommendations, which rest on partial
or misinterpreted data.
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The compartmentalization
Levels of curriculum components
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Without the contribution
of teachers to the
elaboration of curricula
there is no change in the
implemented curriculum.



A specific frame:
Teachers’ Beliefs and Curricula
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It is well known that there can be a great

C
t

ifference between the adopted curriculum and
ne intentions of people or institutions, who

C
C
C

esigned it, and the ways according to which the
urriculum materials (e.g. textbooks) are
oncretely enacted in the classrooms.

The influence of teachers’ beliefs on this gap
between the various facets of curricula is
remarkable (e.g. see Kulm & Li, 2009).
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Many studies, basing on PISA and TIMSS data,
show that, notwithstanding the emphasis given
in many curricula to high-level cognitive
processes (e. g. reasoning and problem
solving), the believes of teachers about the
effective ways they can teach mathematics to
“mean achievers” students are at the origin of
the limited opportunities they give to their
students in such processes in their lessons
(Silver, 2009).
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These beliefs persist in the schools
notwithstanding many researches show that
a better learning occurs exactly in those
classrooms where teaching is based on high-
level cognitive demands and not only on
stressing procedural instruction.
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Research conducted in the past decade or more in
a variety of different classroom contexts has found
that greater student learning occurs in classrooms
where the high-level cognitive demands of
mathematical tasks are consistently maintained
throughout the instructional episode.

Silver, E. Cross-national comparisons of mathematics curriculum materials:”

what might we learn? ZDM Mathematics Education (2009) 41:827-832.

Boaler, J., & Staples, M. (2008). Creating mathematical futures through an equitable teaching
approach: The case of Railside School. Teachers College Record, 110(3), 608—645.

Stein, M. K., & Lane, S. (1996). Instructional tasks and the development of student capacity to
think and reason: An analysis of the relationship between teaching and learning in a reform.
Tarr, J. E., Reys, R. E., Reys, B. J., Chavez, O., Shih, J., & Osterlind, S. J. (2008). The impact of
middle-grades mathematics curricula and the classroom learning environment on student
achievement. Journal for Research in Mathematics Education, 39, 247-280.
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The Technology Principle
of NCTM Principles & Standards

Technology:
- enhances mathematics learning ;

- supports effective mathematics teaching ;

- influences what mathematics is taught.
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CONS: The risk of an education
test-oriented

PROS: Possible positive effects in
schools’ practices
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From the UMI curriculum

irecao-geral

Co to the Dlgltal school in |ta|y

. 2001-2005: Mathematics for the Citizen: an
intended curriculum with 200 examples of
teaching situations (= textbook curriculum)

. 2006-2015: M@t.abel: interactive online
activities with teachers for improving the
implemented curriculum

. 2012: the official National intended

curriculum.

. 2015: Towards the digital school
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Ministero
della
Pubblica

[struzione

Direzione Gemerale
Isiruzione Classica
Brientifica e
Mapisirale

Direzione Gemerale
Istruzione di
Primo Grado

Umione Mabe matica
Iinliama

Q

261

La Matematica
per il cittadino

Attivita didattiche e prove
di verifica per un nuovo

S curricolo di matematica

0]
LAVORO

]

Quinta classe
del ciclo secondario
di secondo grado




PROJECTS TRAINING FOR TEACHERS

me@t.abel m

Mathematics for students
on the thmshold of the third mlllenmum

/- ,“are
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STRUTTURALI B e e erms
200 -2013

yorwrs— EUROPEI

http://mediarepository.indire.it/iko/uploads/allegati/M7PWITOE.pdf
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PISA 2012
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Figurs 4.0 B Students’ use of ICT and OECD average performance in mathematics and reading,

by gquarter of the indices
B Index of ICT nternet / entertainmenst use 4 Index of ICT propram/ software use
Mathematics performance Reading performance
FIEA score PD:i:I:I.H FIEA zcore ]:I'I:Ii:I:I.E
530 330
520 320
510 —

:z I”{'JM:___—_!SY___‘ 500 /""’f/.__ --__::k
130 - \l 450 %E\“‘:_

470 470

480 4e0

Bottam second Third ".I'hp Bottom Secomd Thixd E:E
q_l:url:u' q:url:u qu.:u‘t-u: goarcer guarter q_‘n.:rl:u |:_|:|.:|:r1:-u.' q
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PISA shows that even when most students have
easy access to new media, inequalities persist in
the way they use these tools.

The use of online media depends on the student’s
own level of skills, motivation, and support from
family, friends and teachers, which vary across
SOCio-economic groups.
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Ensuring that every child attains a baseline level
of proficiency in reading will do more to create
equal opportunities in a digital world than will
expanding or subsidising access to high-tech
devices and services.
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A hindrance variable in
mathematics curriculum
development:
the gender gap
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Boys keep doing better than girls
in math tests. According to PISA,
the average gender differential
within OECD countries in
mathematics at age 15is 0.11
standard deviations in favour of
males (OECD 2015).
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xhibit 1.10: Average Mathematics Achievement by Gender

ay&ﬂe F'i.E'EI]E'
ﬂu:iats Soe Sujmt.:. Sore

Country

+ Hong Kong SAR 6015 6838 54(15) ﬁIQ :;23} 10(33)
2 Portugal 008 5624 51 (08) 122
Slovak Republic 4809 48B30 2 (09) 5}4 {25} 1 (26)
2 Spain 009 4027 5109 51127 12 (24)
Qroatia 2008  4B21) 5108  T8(23) 227
2 Italy 49 (07) 43? (2?} 51 (07) 51? 3[1} 20(27)
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Figure1.5.10 « Gender differences in mathematics performance
Score-point difference in mathematics (boys minus girls)

2017,

Conferéncia Internacional
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O @ Average
<> 4 10th percentile (lowest-achieving students)

Mean score © @ 90th percentile (highest-achieving students)

in mathematics

""" Israel 470 ®
United States _ 470
New Zealand 495
_____ Canada 516
Denmark 511
""" Kosovo = 362
_____Peru 387
Portugal 492 @
Colombia 390
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The presence of a substantial
females’ disadvantage in math is of
oarticular importance, because it is
ikely to be a cause of the critically
ow share of women choosing STEM
disciplines at university, of gender
segregation in the labour market,
and gender pay gaps (European
Commission 2006, 2012, 2015).
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The main finding from researches in
USA about primary school (confirmed
by PISA surveys at 15 years) is that the
math gender gap starts as early as in

kindergarten and increases with the
age of the child.
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Another relevant result is that the
math gender gap is higher for top
performing students. Initially boys
appear to do better than girls among
well performers and worse at the
bottom of the distribution. By third
grade, the gender gap, still larger at
the top, appears throughout the
distribution.
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Survey responses regarding self-
concept in maths (year 5 and 6) and
on the importance of math for their
future life (year 10) show that boys are
substantially more confident on

their own abilities than girls are, and
that they are more aware of the
importance in math for their future.
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Reducing the gender gap in STEM
education and increasing the
number of women graduating in
STEM subjects leads an increase in
labour supply, and in employment.
This could help reduce bottlenecks
in the labour market.
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Effect of closing the educational gap on GDP per capita

Imrpovement in GDP

5.00% -

4.00% -

3.00%

2.00%

1.00%

0.00%
2015

* Improvement in
GDP per capita by
0.4to0 0.6%

* Improvement in
GDP by €0.08 to
€0.12 trillion

2020 2025 2030 2035 2040 2045

¢ Improvement in
GDP per capita by
1.8t0 2.4%

¢ Improvement in
GDP by €0.49t0
€0.67 trillion

2050
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What kind of mathematics
in Taloelx 2.0?
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Processes ot
change

Population G

-

rowth Rate

-

%

Average Annual % Change

Note: Data refer to 1990-95. 1.51% - 2.10%
. 2.11% - 3.00%
More than 3.00%

1 World Resources Institute Missing

Less than 1.00%
Source: United Nations Population Division, 1993, 1.00% - 1.50 %
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Change is crucial from many standpointsz
- Cognitively: it draws attention;

- Epistemologically: its analysis is the root of the
scientific revolution = Calculus

- Culturally: understanding it in climate,
economy,... is a crucial issue in XXI cent.
soclety;

- Didactically: Finite differences are a powertful
tool, which can easily be implemented with
didactical software and allow modelling a
variety of phenomena from early grades.




A finer idea of\change

/

The relative change D.A = DA/A
D.=5cm?/5cm?  D.=5cm?/50 cm?
100% 10%




Relative differences: polynomes

y=anP

a-2 (A« [c][EENE] [=-][E~]
———— A | 8 | ¢ | o E F

01 1 n a*nib n DELTA B n DELTAE /B
2 1 2 1 4.06 1 2.03
3 2 6.06 2 5.54 2 0.91
4 3 11.6 3 6.78 3 0.58
5 4 1838 4 7.89 4 0.43

"] 6 5 26.27 5 8.9 5 0.34
7 6 3516 6 9.84 6 0.28
8 7 45 7 10.72 7 0.24
9 g8 5572 8 11.55 8 0.21

N 10 9 67.27 9 12.35 9 0.18
11 10 79.62 10 13.12 10 0.16
12 11 92.74 11 13.85 11 0.15
13 12 106.59 12 14.56 12 0.14
14 13| 121.15 13 15.25 13 0.13

o 15 14| 136.41 14 15.92 14 0.12
16 15 152.33 15 16.57 15 0.11
17 16 1689 16 17.2 16 0.1
18 17 186.1 17 17.82 17 0.1
19 18 203.92 18 18.43 18 0.09

0 20 19 222.35 19 19.02 19 0.09
21 20 24137 20 19.6 20 0.08
22 21 260.96 20.17
23 22 281.13
24 23 30L.85

" 25 24 323.12
26 25| 344.93




Relative differences: exponentials

y =cabn

ta Grafica - Vista Foglio di calcolo [

[£li[eTc] [EENE] (@~ Ji[E~]

A | e | c | o |E F G H |

1 n ann aA(bn) n carb'n) | DELTAE n DELTA E/E
2 1 2 1.32 1 0.53 0.17 1 0.32
) 3 2 4 1.74 2 0.7 0.22 2 0.32
4 3 8 2.3 3 0.92 0.29 3 0.32
5 4 16 3.03 4 121 0.39 4 0.32
6 5 32 4 5 1.6 0.51 5 0.32
7 6 64 5.28 6 2.11 0.67 6 0.32
g 8 7 128 6.96 7 2.79 0.89 7 0.32
9 8 256 9.19 8 3.68 1.17 8 0.32
10 9 512 12.13 9 4.85 1.55 9 0.32
11 10 1024 16 10 6.4 2.04 10 0.32
3 12 11 2048 21.11 11 8.44 2.7 11 0.32
13 12 409 27.86 12 11.14 3.56 12 0.32
14 13 8192 36.76 13 14.7 4.7 13 0.32
15 14 16384 48.5 14 19.4 6.2 14 0.32
16 15 32768 64 15 25.6 8.18 15 0.32
) 17 16 65536 84.45 16 33.78 10.79 16 0.32
18 17| 131072 111.43 17 44.57 14.24 17 0.32
19 18 262144 147.03 18 58.81 18.79 18 0.32
20 19 524288  194.01 19 77.6 24.8 19 0.32
)| 21 20 1048576 256 20 102.4 32.72 20 0.32
22 21 2097152 337.79 21 135.12 43.17 21 0.32
23 22 4194304  445.72 22 178.29 56.96 22 0.32
24 23 8388608  588.13 23 235.25 75.17 23 0.32
} 25 24 167772..  776.05 24 310.42 99.18 24 0.32

0 26 25 335544... 1024 25 409.6




Growtiphenomenabiologyand Economy:
reasoningbouthanges
aseducatiotorationatlecisions

f(x)

Model of Verhulst

" f(x) = a/(d+exp(-b(x-c)))
g(x) = fi(x)

1 h(x) = f'(x)/f(x)

http://mediarepository.indire.it/iko/uploads/allegati/M7PWITOE.pdf
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