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Background

* Numerical abilities are essential for academic achievement and

life success in modern societies?.

* An often overlooked but important property of numbers is
ordinality: the relative position or rank (e.g., 4 comes before 5 but

after 3)2.

 Although a

link between ordinality and arithmetic ability is

Introduction

suggested34°, little is known about the reliability of numerical
order processing and its precise relationship to mathematical
achievement.

Research questions and hypotheses

* Numerical (symbolic and non-symbolic) and non-numerical (letters of the
alphabet) order processing and their associations with arithmetic fluency
were examined at two time points (T1, T2).

* A significant correlation between numerical

order processing and

individual arithmetic test scores was expected for number symbols
(Hindu-Arabic numerals).
* Number symbols were expected to explain unique variance in arithmetic
fluency over and above non-symbolic numerical (dot-arrays) and symbolic
non-numerical order (letters of the alphabet) processing.

Stimuli and Procedure

Subjects Arithmetic Fluency
32 healthy right-handed adults (18 males, 14 females; mean = e Paper and pencil test of arithmetic 1l1-2=
23.53 years; range = 20 to 33 years) fluency (AF) including multiplication, 8-4=
subtraction and addition problems g+3-=
Ordinality Task (see Fig. 2). 74+0=
* Hindu-Arabic numerals, dot-arrays and letters of the alphabet w  * Subjects had 90s/120s (easy/ 5,g-
were presented on a computer screen (see Fig. 1). difficult condition) per page to solve Ay
- . . . { x —
e Subjects decided whether the presented triads were in-order the tasks.
(ascending/descending) or in a mixed-order. Figure 2: Calculation problems
Figure 1: Stimuli
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Discussion

* Distinct behavioural signatures for symbolic (digits and letters) and non-symbolic numerical (dots) ordinality processing support the view that symbolic
and non-symbolic ordinal processing engage different cognitive mechanisms.

* Numerical symbolic (digits) ordinality processing has a strong and reliable relationship with arithmetic fluency, and explains a unique portion of variance
over and above numerical non-symbolic (dots) and non-numerical (letters) ordinal processing.

* This indicates that the processing of ordinality in numerical symbols is a fundamental property of arithmetic fluency.

* Overall, the present study indicates that the ability to process the ordinal relationship of numerical symbols is a strong and unique predictor of arithmetic
fluency, and supports the idea of different cognitive mechanisms underlying this and non-symbolic ordinal processing.
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