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1. In tion on tools and tool use

= ICT can improve skill acquisition and
performance, including both basic skills and
higher order skills.

®" The relationship between tool use and skill
acquisition, however, is complex and subtle,
and achievement depends on didactical setting
(teacher skills!), tasks, and opportunities for
transfer
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1. Introduction on tools and tool use

Tools matter!

[Faculteit Bétawetenschappen
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1. Introduction on tools and tool use

Didactical functions of digital tools

Do mathematics

Didactical functions
of technology Practick
In math education

Learn mathematics

Develop concepts

Drijvers, P. & Zwaneveld, B. (2008). Van knoppen naar kennis.
Handboek Vakdidactiek Wiskunde. www.elwier.nl

[Faculteit Bétawetenschappen
Fisme]



1. Introduction on tools and tool use

Quotes like these are widespread:

“Presently the benefits of software in education
are apparent and widely acknowledged.”

But how about this one:

“Presently the benefits of paper and pencil in
education are apparent and widely
acknowledged.”

We might need to be more specific when we
consider technology in education....
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2. Paper-and-pencil skills and tool
skills / techniques

= Example Geogebra: www.fi.uu.nl/dwo/dpict
Gelijke afstand tot twee punten

Gegeven zijn de punten 4 en B. A b

E Teken alle punten op afstand 5 van A
en alle punten op afstand 5van B.

m Hoeveel punten liggen er ap afstand &
van zowel A als 87

Antwoord: I:Ipunten

E Teken alle punten op afstand Gvan
zowel A als B en alle punten op
afstand 4 van zowel A als 8.

m De punten die je net hebt getekend
liggen op een lijn. Wat is de hoek van
deze lijn met de lijn A87

Antwoord: I:Igraden

Sietske Tacoma, Peter Boon
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http://www.fi.uu.nl/dwo/dpict

2. Paper-and-pencil skills and tool
techniques

" From book to screen:

|y 0% 02

in)
O
oxt 46

M meer 1]

[ ¥

=x+7

X

[

';L:-' Je kunt de opgave ook oefenen met D
vergelijkingen 2. NI (x N ?)

Los exact op.

ﬁ x4+ 3 s =T
a = =x—1

LX

k" & _/

45 -2 -6 (x=6)(x-1)=0

b ———=0 D

i =6 af x="7

Deze stap hevat correcte en *
niet correcte onderdelen.
Vemwijder of vervang de delen

die niet correct zijn.

-

http://www.fi.uu.nl/dwo/gr-pilot/
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2. Paper-and-pencil skills and tool

techniques

" From screen to notebook: transfer between
computer tool techniques and paper-and-pencil

techniques

v 0°) & | (O]

bxr -6 = Zx+1a
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bx = Z2x+ 22

dx = 22

x=55
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e
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3. ,2x+8=-4x-16. \
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2. Paper-and-pencil skills and tool
techniques

= Such transfer is not always straightforward:

Fix| Fir |F3=| Fir | FE Fa-
T-:--:-1sIﬁ13-zI:-r’-: Calc Dth-erPrﬂmll]Iﬂ-z-:n Ur

l5-:-1ue[:<2+b-:{+ 1 =EI,:-:]

b -4-p '[Ep
®u= (]

mnHE—

2

Drijvers, P. (2003). Learning algebra in
a computer algebra environment.
www.fi.uu.nl/~pauld/dissertation
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2. Paper-and-pencil skills and tool
techniques
Solving an equation is not straightforward either:

An equation is solved with respect to an unknown

Fir Fer |FZ-]| F FE F&~
Toaals|A13cbra|Calc|0therRe AmiO|Clean Uk

/

IE.n:-lue[}:2+b “=+1=0, :-::]

4]b2 — 4 - ﬂr_LEr— A solution can be an expression
E-'Ill'-.-'E" +I-_-+ +1=0,
Notice the scope of the square root sign \

‘solve with respect to X’ = ‘express x in terms of b’

[Faculteit Bétawetenschappen
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Intermezzo Instrumentation:
Artefact and instrument

= A good artefact does
not imply nice music!

= Instrument =
Artefact + Schemes

= Scheme =
Technique + Concepts

[Faculteit Bétawetenschappen

Fisme]



Schemes and techniques

= A technique: a concrete way to carry out a task
using an artefact
-> what you do with the artefact

= A scheme: a method for solving a class of
problems, including the corresponding insights
-> what you think while carrying out a
technique

= What you think determines what you do, but
the artefact’s affordances and constraints guide
your thinking

[Faculteit Bétawetenschappen
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Instrumentation: a sketch

Solve an equation

Techni
Mental scheme w

vi| °) 8 | ERESRKIE Wi e

br-6 = 2x+16
e

Type of tasks

bx = 2x+22

Artefact

Instrument
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Instrumentation: conclusion

" There is a close relationship between

* Techniques and representations that tools invite and
offers, and

* Mental schemes that students develop

= This relation has to be taken into account and
exploited for educational goal

" Tools + Task + Technique ->
Cognitive development

Drijvers, P. (2007). Instrument, orkest en dirigent: een theoretisch kader voor
ICT-gebruik in het wiskundeonderwijs. Pedagogische Studién, 84 (5), 358-374.
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2. Paper-and-pencil skills and tool
techniques

Conclusion:

= Paper-and-pencil skills can benefit from the
work with technology.

"= There is a subtle relationship between student
skills, tool use, and paper-and-pencil use.

"= Transfer needs to be considered carefully.

[Faculteit Bétawetenschappen
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3. Basic skills and higher order skills

cTWO 'thinking activities’ in mathematics
education:

* Modelling and algebrizing

* Ordening and structuring

* Analytical thinking and problem solving
* Algebraic manipulation

* Abstraction

* Logical reasoning and proving

? Can technology help here, or is is just for the
rote learning of basic skills?

[Faculteit Bétawetenschappen
Flsme]



3. Basic skills and higher order skills

Technology In
education can
invite both ‘HOTS’
and ‘LOTS’!

Bloom's Digital Taxonomy Summary Map

HOTS

Bloom's Digital Taxonom
[ _ y] Higher Order Thinking Skills

3\ COMMUNICATION
Key Terms Designing, constructing, planning, SPECTRUM
7 produci ph o
programmlng, flrmng, animating, blogglng Collaborating
Creatlng Verbs > video blogging, mixing, re-mixing, wiki-ing,
publishing, videocasting, podcasting, Moderating
directing, broadcasting
Negotiating
Checki ' critiqui
Expeﬂmentlng, ]udglng, testing, Detectlng, Detating
Evaluatlng Verbs wem—gp| Monitoring, blog commenting, Commenting
reviewing, posting, moderating, collaborating,
networking, refactoring, testing. Net meeting
J
Skyping

Implementing, carrying out, using,
Verbs P | executing, running, loading, playing
operating, hacking, uploading, sharing, editing

-
Recognising, Listing, Describing,
Identifying, Retrieving, Naming,
> Locating, Finding, bullet pointing, highlighting
Verbs bookmarking, social networking, social
bookmarking, favouriting/local bookmarking,
searching, googling.

LOTS
Lower Order Thinking Skills

video conferencing

Comparing, isi d
: Attributi findi structurlng, -
Analysing fe=verbs ——p- integrating, mashing, linking, validating, geviewing
reverse engineering, cracking, media clipping Questioning
Replying

Posting & Blogging

2 Networking
Interpreting, Summarising, inferring, L
. paraphrasing, classifying, comparing, Contributing
Understandmg Verbs me—jp.| e€xplaining, exemplifying, advanced searches, i
Boolean searches, blog journaling, twittering, Chatting
catergorising, tagging, commenting, annotating ;
subscribing. e-mailing
.
Twittering/Microblogging

Instant messaging

Texting

Bloom's Digital Taxonomy Concept map.
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3. Basic skills and higher order skills
= LOTS & HOTS specifically for algebra:

Algebraic Expertise
- -
Basic skills Symbol sense
*  Procedural work «  Strategic work
* Local focus +  Global focus
« Algebraic calculation « Algebraic reasoning

Secondary Algebra
Education

Exploring the Unknown

Drijvers, Kindt, & Goddijn, 2010

[Faculteit Bétawetenschappen
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3. Basic skills and higher order skills

3 =A*C" van Charlotte Franssen C" van Charlotte Franssen

vl 0° 0° § () me abc J T vl 0% 0° § (o me abe i1
4] x — 455 = — 324 -

2 2 2
(5% —90) =225 ) 2
Sx —90=15x af Sx —90=—13

(5x* —90)(5x* —90) = 225x°

520 = 15x—90=0 of 5% +15x — 90 =0

25x" — G00x° + 3100 = 225%° ] ]
X —3x—18=0 of x +3x— 18=

k_ER_ER_S RS
|

25xt —1125x° + 2100 =0

(x—6)(x+3)=0 of (x+5)(x—§=ﬂ

4 2
X =45 +324=0 =6 of x=—3 af x=—6 of x=1

Devergelijking is correct H
opgelost.

log log

S RS RS RS RS _S
I

[4]]

X —d45xt = — 324

|4

=1 AT



3. Basic skills and higher order skills
= A lot of LOTS, a lack of HOTS:

Ar | Technique | Interpretation

VI 0° 0 B @ mee gsdos| L T
voJu=1+2vJ1+u = |0 The student isolates v
B by dividingby 1

1 3 | Rewrite T
v=(1+2mf1+a) — (—V)

Ju

4 Rewrite

1+2wf1+u

The student realizes

5 | Factor 2v poses a problem
and tries to lose this
term by factoring

9 The student tries a next
step. backtracks. tries
again and finally gives
up

Fa
kR R R

Bokhove & Drijvers, 2010
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3. Basic skills and higher order skills

Conclusion

= Can technology invite higher order skills, or is is
just for the rote learning of basic skills?

" Yes, it can, but this largely depends on the type
of tools, the type of tasks, and the educational
setting

[Faculteit Bétawetenschappen
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4. Pedagogical and technical skills

= In the development of LOTS & HOTS with
technology, and in the transfer to paper-and-
pencil, teachers play a crucial role

= This requires both technologlcal and technical
skills: |

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological
Pedagogical
Knowledge

610" oedrmamm

. Contexts _-

[Faculteit Bétawetenschappen
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4. Pedagogical and technical skills

= An example: transfer screen - board
(@) Digitale Wiskunde Oefenomgeving - Mozilla Fim = )

Fi http:/fwww fi.uu.nl/dwo/proctocl/en/frameset.html b
Digital activities PROO Tool Use PROO-Tool Ontwikkelomgeving

: You're logged in as:
V@b &3 == Arrow Chain and Function @ m Paul E)E:ijvers

2. Practising with Algebra Arrows

Freudenthal Institute

Task 9

In-foutput
a. i

Make an arrow chain which D

provides the following input - output
Operations
(+3)p
=P
xap
{rap
=
L2p

Back_| Forward|

[v Table
[~ Graph

x
o

Explain your approach.

H

C.
Make a second, different arrow
chain, which does provide the
same value table.

Clear

O

I OIOICIOLIOL O

[Faculteit Bétawetenschappen
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4. Pedagogical and technical skills

= Student work:

Resultaten

Resultaten van de Activiteit "Oefenen met AlgebraPijlen” van Joris en Joost

Opdracht @

A In-fUitvaer
Maak een pijlenketting waaroar D

geldt:

invaer 01 2 3 4 Bewerkingen
uitroer 3 § 7 8 11 {+ap

b.

Leg uithoe je dit hebt aangepakt. 5

uitproheren

C.
Maak een tweede, andere
pijlenketting die wel dezelfde

uitroertabel geeft als de eerste
ketting. Terug ﬂl

+

I Tahel
[~ Grafiek

i |

I.J awva Applet Window
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4. Pedagogical and technical skills

= Teacher work:

I

[Faculteit Bétawetenschappen
Fisme]



Intermezzo: orchestration

Instrumental orchestration

I Didactical performance I

I

I Exploitation mode I

!

I Didactical configuration I

Drijvers, P., Doorman, M., Boon, P., Reed, H., & Gravemeijer,
K. (2010). The teacher and the tool: instrumental orchestrations
in the technology-rich mathematics classroom. Educational
Studies in Mathematics, 75(2), 213-234.

[Faculteit Bétawetenschappen
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4. Pedagogical and technical skills

Conclusion:

= Teachers remain crucial in exploiting the
opportunities offered by technology

= Teachers need both pedagogical and technical
skills to do so

= This requires a process of professional
development

[Faculteit Bétawetenschappen
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5. Conclusion

= ICT can improve skill acquisition and
performance, including both basic skills and
higher order skills.

®" The relationship between tool use and skill
acquisition, however, is complex and subtle,
and achievement depends on didactical setting
(teacher skills!), tasks, and opportunities for
transfer

[Faculteit Bétawetenschappen
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Thank you!
p.drijvers@uu.nl

»  Universiteit Utrecht [Faculteit Betawetenschappen
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