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Quantitative Literacy vs. Calculus
Preparation

Theorie vs. Toepassingen
‘Rote’ vs. 'Constructivisme'
Tracking vs. Mainstreaming

Etc.

Schoenfeld, A. H. (2004). The math wars. Educational Policy, 18 (1), 253-286.
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Procedural en Conceptual knowledge

* Historische discussie hoe formeel onderwijs het beste
wiskundige expertise kan ondersteunen.

* Vaardigheden versus Inzicht.

¢ Moeten rekenvaardigheden (alleen) gememoriseerd
worden of (alleen) inzichtelijk

* Wereldwijde ‘math reform’ inspanningen.

* Adaptive vs Routine expertise.

F A RN LD W
MiTd EuPeRES LEAVES
SACRAMENtS (oG 50 MPM.
47% O THE TRAIN RE(eM-
MEND TRADITIONAL FeRMS
OF TLHING Wi, WrilE
AL ApNeCItE A MeERN
THAERACTIVE™ APFROACH..
THERE 15 A 25 Mil
HERDWIND & THE 2 GRUPS
WEESTLE R (ontRel oF
THE THRETTLE. How (oG
TEFCRE A STUDENT &1 BiNT B
2, 15 PROFICIENT TN MATH?

Voorbeeld van een o
beeld Conceptual understanding is

“the comprehension of
mathematical concepts,
operations, and relations”.
Procedural fluency is de “skill in
carrying out procedures flexibly,
accurately, efficiently, and
appropriately” (p. 116).
Furthermore, “the five strands
are interwoven and
interdependent in the
development of proficiency in
mathematics” (ibid.). NRC
(2001)
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Hiebert en Lefevre (1986) Nog een voorbeeld: algoritmes

* Fan & Bokhove (2014)

* (Standaard-)algoritmes vaak negatief daglicht:
regels, laag niveau, geen inzicht

¢ Canada: helemaal niet, sommige curricula niet mee
expliciet genoemd

* Kamii and Dominick (1997) “Algorithms are harmful
to children’s development of numerical reasoning
for two reasons: (a) they ‘unteach’ place value and
discourage children from developing number sense,
and (b) they force children to give up on their own
thinking”’(p. 58).

¢ Procedural knowledge (knowing how)
* Formal mathematical language, algorithms and rules for solving
mathematical problems.
* Generates problem solving behaviour which is not always meaningful and
generalizable.
¢ Conceptual knowledge (knowing why)
* Product of a linking process, which creates relationships between existing
knowledge and information that is newly learned.
* Can be implicit or explicit, however it is flexible, not tied to specific
problem contexts and is therefore generalizable.

Maar...
Algebraic Expertise

¢ Dahlin and Watkins (2000), link memorization and

Basic skills Symbol sense understanding door “repetition”.

* Procedural work « Strategic work . . “

. Local focus . Global focus . !Vleanm.gfu[,repgtltlon can “create a degp .
+ Algebraic calculation - Algebraic reasoning impression” which leads to memorization, and it

can also lead to “discovering new meaning”’ which
in turn leads to understanding (Li, 1999).

Arcavi (2005). Symbol sense.

Bokhove & Drijvers (2010). Terugblikkend, straalt te veel
"zwart/wit' uit?

Structure sense, e.g. Hoch & Dreyfus (2004)

¢ En ook al lang bekend: "many different kinds of
procedures and the quality of the connections
within a procedure varies" (Anderson 1982)

Bijvoorbeeld voor woordproblemen

Star: andere kijk

* Herkennen wiskundige structuur

* Schemas

* Domain or context specific knowledge structures that
organize knowledge and help the learner categorize
various problem types to determine the most
appropriate actions needed to solve the problem

Star (2005) beschreef procedural understanding in
termen van 'kwaliteit van kennis' (knowledge quality,
De Jong and Ferguson-Hessler 1996).

Table 1
Types and Qualities of Procedural and Conceptual Knowledge

¢ E.g. Chen (1999) en Sweller, Chandler, Tierney, & K pe Knowledge qualty
Cooper (1990) Superficial Decp
Procedural procedinet bnoniotge ?
Conceptual ) Common usage of

Star, J. R. (2005). Reconceptualizing procedural knowledge. Journal
for Research in Mathematics Education, 36(5), 404—411.
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Het ‘iteratieve’ model
(Rittle-Johnson, Siegler, & Alibali, 2001)

Procedurele en conceptuele kennis ontwikkelen gradueel en
hand-in-hand

Causale relaties, twee richtingen

Ook kijken naar de processen

Rittle-Johnson, B., Siegler, R.S., and Alibali, M.W. (2001). Developing conceptual
understanding and procedural skill in mathematics: an iterative process. Journal of

Educational Psychology, 93, 2, 346-362.
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Education  Scroct Report

Pisa tests: UK stagnates as Shanghai
tops league table

Pisa maths scores for selected education systems

Country Rank Score Average score: 494

Source: http://www.bbc.co.uk/news/education-25187997

Rittle-Johnson and Star (2015)
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Not a One-Way Street: Bidirectional Relations
Between Procedural and Conceptual Knowledge
of Mathematics

Bethany Ritthe-Johmson - Michael Schneider - Jon R. Star

1" Sprmper Setemces Husiness Mads New YVork 2085

Alatract There i a Jong-standing and cngoing debste about the relations between conceplual
and procedurl knowledge (ie.. knowledge of concepts and procedures). Although there is
Bnasd curnersus that conceptual knewladge supperts procedural know ledge, there B contro-
versy over whether provedurl knowledge supponts conceptusl knowledge and bow instroction
an the two types of knowledge shotlkd be sequenced. A review of the cmpirical evidence for
mathematics les imdicates that procedural know ledge supports conceptual know ledge, as
well a8 vice verss, and thus that the relations between the two types of knowledge are
bileosional Hesser licrmaing andine slEuclion o0 concenss acd sralurss has

Zegt PISA dit echt?

Toluion. o

Memorizers are the lowest achievers
and other Common Core math surprises

Source: http://hechingerreport.org/memorizers-are-the-lowest-achievers-and-other-

common-core-math-surprises/

Wat zeggen internationale
vergelijkingen?

* Veel beperkingen!
* Data verzameld zonder onderzoeksvraag
* Secundaire data analyse

* Maar: enige manier grootschalige, internationale
vergelijkingen.

* Meer weten over beperkingen? Artikel hierover
ingeleverd (focus PISA)
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TIMSS

The good scores of East Asian students seem to
contradict the assumption that Asian classrooms are
traditional and aimed mainly at low-level cognitive
goals (e.g. emphasizing memorization), which has
been called a “Paradox of the Asian learner” (Biggs
1994, 1998).

Rol van taal

* Aantal woorden
* Vocabulaire
* Symbolische taal
* Visualisaties
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Voorbeeld vragen

Exhibit 2.1: Mathematics ltem Coding Example

Mathematics ltem Coding Example
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Verschil vragen

* PISA meer problem solving

¢ Allebei zeer bepaald door IQ, maar PISA meer dan
TIMSS (Rindermann, 2007).

¢ TIMSS meer curriculum georienteerd. (Rindermann
& Baumeister, 2015)

* TIMSS-PIRLS relationship report: slechtere lezers
deden het slechter dan betere lezers maar extra
benadeeld op vragen met meer leeswerk.

Tenison, C., Fincham, J. M., & Anderson, J. R. (2014). Detecting math problem solving
strategies: An investigation into the use of retrospective self-reports, latency and fMRI
data. Neuropsychologia, 54, 41-52.

Voorbeeld hoe Azie wellicht beide

doet: conceptuele variatie Vragen/discussie

Wiskunde: vaardigheden, inzicht of allebei?

One key point, one problem, different solutions

Allebei
One key point, different applications
* Vragen/kritiek/opmerkingen/discussie
¢ Bedankt

 Twitter: @cbokhove

* Presentatie op www.bokhove.net (inclusief refs)

Positive Variation Standard Variation

l Negative Variation

Diagram: Clare Hill from Twynham school

Conceptual
Variation

Non-Standard Variation

Misschien schakel tussen vaardigheden en inzicht?
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