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Aim

A Some similarities and differences between
working with mathematical modelling in
Oschool &6 and mat hemat |

rofessional tasko

A Approaches to simulating modelling as a
Opr of e s s iinedueationa setBnkgsd
will be explored
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Introduction

e relevance of usin
mathematics in oubf-scho
activities (Romberg, 1992)

B e~y R —

1 Workplace mathematics is more
complex and is situation depende
e.g. Harris, 1991loss& Hoyles

§ 996: Wedege 2010)

y N
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Introduction

dDeveloping work-based learning is a crucial

way to strengthen the links between the

education system and the labour market,

enhance youth employability and improve
transitions from educat
2015, p. 27)

Coordination between school and working life
must be strengthened to ensure high quality of
education and strong involvement from

l ndustry and t ISkolvegrketb | 1 c
2012, p. 12).
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Introduction

0 [ Aagenda for action is needed containing
short- and long-term activities that strengthen
the relation between industry and mathematics
education at s cholkobj&
Wake, 2013, p. 269)

nNnMat hemat i c al model | I ng
most important educational interface between
mat hemati cs and I ndustr
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Introduction

NFor successful transf e
knowledge to client disciplines the theme of
mathematical modelling is a crucial educational
challenge. The lectures, books and laboratory
exercises are necessary, but the actual maturing

l nt o an expert ¢ antreatind y
r eal p antHHileo 2018, . 224)
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Introduction

Nl'he basic philosophy behind the approach . . .
of the modelling workshop for higher education
IS that to become proficient in modelling, you
must fully experience it T it is no good just
watching somebody else do it, or repeat what
somebody else has done T you must experience
it yourself. | would liken it to the activity of
swimming. You can watch others swim, you can
practice exercises, but to swim, you must be In
the water doing it yourself. n(Burghes,1984, p.
XIii).
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Introduction

Drakes (2012) argues for mirroring some parts
of expert modell erso wo
teaching practise.

A spending a large proportion of
learning/teaching time on formulating the
problem and validating the solution

A fi St u dwould ..sbenefit from seeing real
modelling done by experts. Seeing experts
deal with being stuck is informative, and
helps change the belief that experts simply
rel y on (Drakesuw2Dl1R,ip.207d
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Introduction

Summary

A Organisations, curricula documents,
researchers, educators, etc. call for
strengthening the relation between industry
and mathematics

A Modelling

A You learn it only by doing (Burghes,1984:
Hellio, 2013; Neunzert, 2013)

A Experts
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Similarities and differences

School 8 t|V|ty Professiona Cthlty

Premodelling
Modelling

Premodelling
Modelling

Postmodelling Postmodelling
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School Pranodelling

In education modelling as a mathematical
classroom activity can be an aim in itself (to
develop modelling competencies) or have an
alm to develop a broader mathematical
ability (a didactical tool to learn mathematics)
(see e.g. Blum & Niss, 1991).

II LINKOPING
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School Premodelling

Teachers or researchers usually deliver the
problems to the students and there is a
diversity and a richness of knowledge taught.

Some examples are related to: elementary arithmetic with base ten
blocks (Speiser & Walter, 2010), sound intensity and brightness (Riede,
2010), ranking statistical data (Carmona & Greenstein, 2010; English,
2010; Mousolides et al, 2010), solving linear pattern tasks (Amit & Neria,
2010), solving problems with geometry (Stillman, Brown, & Galbraith,
2010), with technology (Confrey & Maloney, 2007), different
representations of functions (Arzarello, Pezzi & Robutti, 2007), calculus
(Araujo & Salvador, 2001), non linear situations (De Bock, Van Dooren &
Janssens, 2007), multi-variable functions (Nisawa & Moriya, 2011),
interdisciplinary projects (Ng, 2011), traffic models (Blomhgj & Hoff
Kjeldsen, 2011), Determining the centre of the base area of the Tipi
(Rosa & Orey, 2013), finding the length of a spiral banister (Saeki &
Matsuzaki, 2013) Algal bloom problem (Geiger, 2013) etc....
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Professional Prenodelling
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Mathematical modelling as a profes
task (Frejd & Bergsten, submitted)

JULY 27, 2011

siona

The aim is to explore how expert modellers
work with mathematical modelling in their
workplace

Air
industry
Banking

Biology

Climate

Insurance
Physics
Scheduling
Traffic
Various

Models and simulations for aerodynamics and flight
mechanics

Risk models for banking

Risk models for the spread of diseases; optimization of
animal transportation

Climate models; models for aerodynamics
Risk models used in insurance and banking
Models for new materials

Optimization models; scheduling

Traffic simulations models

Models for measurement instruments to identify and
estimate; models for water conservation plans

Interview questions

The main aim of the
interview question is to
find:

1 What 15 your academic background?

Background information

2. What are you working life experiences before you got here?

Back ground information

‘ What is your vocation and what role does mathematical
modelling ph\ in your vocation?

Background information

4. What does mathematical modelling mean to you? Has your
view on modelling changed during the years? (If yes) How?

Constructers’ conceptions

5. Make a general description how you work with a modelling
problem (from start to end).

Pre-construction,
construction. post-
construction

6. Who gives you the problems to work with? What type of
problems do you work with? What are the aims with the
pmhlem you get?

Pre-construction

7. What will be the use of the model? Who set the goal for the
madem'iu al activity? Who defines the criteria?

Pre-constructing

8 How do you work with mathematical modelling in your
vocation (by yourself, in zmups ) If it is group wi otk howiwhat
communication takes place? What types of artefacts are used?

Censtructing

9 What kind of models do you develop (static/dynamic,
deterministic/stochastie, discrete/contimuous,
analytic/simulations)?

Constructing

10. What are the connections between input and output?

Constructing

11. How was the necessary measurement data obtained? Is
there a way to control the quality and the origin of the data?
Can you give example of values and quantity of the data?

Constructing

12. What factors may have affected the investigated

pl‘enomeul (measuring instrument or its use)?

Constructing

13.Is it possible to control the result? What types of
assumptions have been made according to the context? Who
decide what assumptions are being important? What is the
accuracy of the result?

Constructing

14. How does the solution confribute to understanding and
action?

Constructing

15. What is an acceptable sclution? Are there other solutions?
(1f yes) How do vou chose solution?

Constructing

16. Are there any risk to use the result? If so, how is that
considered? Is ethical issues discussed?

Post-constmicting

17. Is mathematical modelling something that was a part of
your education in school or something you leamed in your
vocation?

Back ground information

Basicsof
Qualitative
Research

Grounded Theory

Anselm Strauss
Juliet Corbin

LINKOPING
UNIVERSITY
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Professional Prenodelling

A The modellers get orders/ problems from
clients

A The goals are to describe and simulate a
phenomenon in order to be able to predict (to
make prognoses about the future), design
(Improving objects), or construct (objects)

A The models are developed to serve as basis
for decision making

II LINKOPING
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Professional Prenodelling

IN¢ KS 32Ffa G2 aArydz | ¢
goals ofdescriptiveand prescriptivgNiss 2015)

In prescriptive modelling the ultimate aim is to
pave the way fotaking actions based on
decisionsresulting from certain kind of

JAYF 0 KSYFUAOFT O2YyadaARS
OKIYHS 0KS 62NI RQ NJ-
dzy RS N& U I V¥ RNids B035) 6 2 NI R ¢
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Similarities and diffexences

f

School aftivity ProfessionaNactivity

Premodelling

Premodelling

The models are
developed to serve as
basis for decision

Galbraith, 2013 making. C Nishimura,
deliver the 2015

f1

The models are developed to
serve as basis tdearn
modelling or mathematics.
Teachersdeliver the problem.

II. UNIVERSITY
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Nishimura ,
2015
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Modelling as a school activi

Ethno-modelling

A There is a diversity of
theoretical perspectives on
mathematical modelling In Modelling
mathematics education cycle

literature

A (e.g. Blum, Galbraith, Henn, & Niss, 2007;
Jablonka & Gellert, 2007; Garcia, Gascon,
Higueras & Bosch, 2006; Kaiser & Sriraman,
2006; Frejd, 2010; Geiger & Frejd, 2015)
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Modelling asa school activity

Name of the
Approach

Realistic or applied modelling
Contextual modelling
Educational modelling

Sociaocritical and sociocultural
modelling

Epistemological modelling

(Kaiser& Sriraman 2006

II LINKOPING
) UNIVERSITY
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Modelling asa school activity

Realistic Modelling Week

or Modelling Day

applied Modelling projects
modelling Modelling competitions

(e.g. Hamson, 1987; Kaiser
& Stender, 2013, Kaiser at
al. 2013; Jiang, Xie & Ye,
2007; Haan, 2003; etc.)
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Modellingas a school activity

Realistic
or
applied
modelling
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Modelling asa school activity

Contextual Word problems
modelling
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Modelling asa school activity

6277

An infectious disease is

spreading in a city. The number

of infected increase from 200
to 400 during 24h. Develop a
model and estimate the
number of infected after yet
another four days, if the
Increase IS:

a) Linear

b) Exponential

Which model seems most
accurate?

6278 For antalet besokare per ar pa en djurpark

6279

338
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I en stad sprids en mycket smittsam sjukdom.

Antalet sjuka 6kar fran 200 till 300 pa ett dygn.
Gor en modell och berdkna hur manga sjuka det
finns efter ytterligare fyra dygn om 6kningen ar

a) linjar

b) exponentiell.
¢) Vilken modell verkar mest rimlig?

a) Om okningen &r linjar 6kar antalet sjuka
med lika manga personer, 100 st, varje dygn.
Antalet sjuka y kan beskrivas med funktionen
Y = 200 + 100x dir x ar antalet dygn fridn mitningens start.
x=5gery=200+ 1005 = 700
Antalet sjuka dr 700 enligt den linjidra modellen.

b) Om 6kningen dr exponentiell 6kar antalet sjuka med lika ménga procent, 50 %,
varje dygn. Antalet sjuka y kan beskrivas med funktionen y = 200 - 1,5"
dér x ar antalet dygn fran mitningens start.
x =15 ger y=200-1,5%= 1500
Antalet sjuka dr 1500 enligt den exponentiella modellen.
¢) Om sjukdomen dr mycket smittsam kommer antalet sjuka att 6ka snabbt.

Efter en tid avtar dock hastigheten och modellen giller inte lingre.

6280 I en swimmingpool finns det 1000
bakterier per cm?. For varje dygn 6kar
antalet bakterier med 80 %.

har man som prognos tva modeller.
Modell A: y = 40000 + 12000x
Modell B: y = 40000 - 1,2*

X dr antalet ar efter 2011.

a) Berékna antalet bakterier efter 4 dygn.

b) Skriv en matematisk modell som
beskriver hur méanga bakterier y det
finns efter x dygn.

a) Vilken modell dr exponentiell?

b) Hur ménga besékare har djurparken ar
20117

¢) Hur ménga besokare har djurparken
&r 2013 enligt den linjéira modellen?

¢) Ange en ekvation som ger svar pa frégan:
“Efter hur mdnga dygn dr antalet
bakterier 20000?”

d) Vilken modell ger storst antal besékare

ar 20157 6281 En bil som kopts in for 300 000 kr sjunker
ar ?

i viirde under forsta dret med 30000 kr

& 3 e P vilket &r 10% av vérdet.
Folkmingden i en stad ér 2,5 miljoner och

kar med 0,1 miljoner varje ar. a) Hur mycket dr bilen vérd efter 3 &r om

p - % e minskningen &r linjar respektive
a) Berédkna folkméangden efter 3 r. exponentiell?
b) Skriv en matematisk modell som visar

b) Hur manga procent har bilen minskat
folkméngden y miljoner efter x ar. ) gap 25

ivirde efter 3 &r om minskningen dr
¢) Hur ménga &r tar det innan folkméingden linjér respektive exponentiell?

overstiger 4 miljoner?

6.2 FUNKTIONER

(Frejd, 2013)



Aktivitet

ATo O6&model & i
mathematics means to do
a mathematical model,
which is a simplification

of a real situation. You
start to do assumptions
and estimations and then |
use computatij]

3 Den spektakuldra byggnaden Turning Torso
i Malmo &r 54 vaningar hog. Konstruktionen
bygger pé nio kuber med fem vaningsplan
i varje. Varje viningsplan har omkring 400 m*
boyta. Det finns 147 lagenheter fran kub tre
till kub nio.
Hela konstruktionen vrider sig 90 grader pa sin
VAg upp.
Arkitekten Santiago Calatrava dr konstnar,
skulptor och ingenjér. Han ar verksam i Ziirich,
Paris, New York och Valencia. Han inspireras
av naturliga rorelser hos djur och ménniskor.

How long time does °
it take to walk up the |
stairs to the top
floor?

4.2 GEOMETRI OCH ALG!
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Modelling as a school activity

Socioecritical
and
soclocultural
Modelling

0The bean and corn seeds donated
by the Governmenbegin to be
distributed inyesterday afternoon
There are 37.5 tons, 25 tons of bean
and 12.5 tons of corn seed. About
8000 subsistenctarmers will be
benefited.
According to the mayor, each farmer
will receive3 kg of bean and 2 kg of
O2 N} Pé

(Barbosa, 2006)
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Modelling as a school activity

Epistemological ~
Modelling
| LoveModelling

(Ruiz Bosch& Gascon 2007
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o UNIVERSITY



’
2 2 NJ &
—

Sold

Total costsq) 550 1122,5 960
Total incomesd) 520 1710,8 1372,8
Benefits €) -30 588,3 412,8

A constant unitary cost ¢ = 25a constant unitary price p =
5,2€ and a constant fixed cost L = 300

QO: In the given initial conditions, is it possible to obtain a
benefit of 300G in August by selling a reasonable number of

T-shirts? (Ruiz Bosch& Gascon 2007
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