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Problem outline

\ Grammar

Relation between (impaired) processing

e.g., Chow et al., 2021; Kleemans et al., 2018; Nakai & Okaoya, 2018
Viesel-Nordmeyer et al., 2019; 2021; Wimmer et al., 2024
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Notes. MLA = mathematical low achievers (n = 41); MAA = Notes. difficulties (n = 26);

= 225); MHA = MD = = 23); LD =
18); TA = typical

e.g., Viesel-Nordmeyer et al., 20213, 2021b
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lower grammar skills than their peers

Children with math impairment (e. g., Viesel-Nordmeyer et al., 2021a, 2021b; Wimmer et al.,
2023)




Problem outline

Children with math impairment

Children with developmental language
disorder (DLD) and specifically
grammatical impairment

lower grammar skills than their peers

(e. g., Viesel-Nordmeyer et al., 20213, 2021b; Wimmer et al.,
2023)

lower math skills than their peers
(e. g., Kleemans et al., 2018; Schuchardt & Mahler, 2021)
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tsuyoi kumaga nemuru kumaga fukaku nemuru
“The strong bear sleeps” “The bear deeply sleeps”

/(\ />\ left IFG right IFG

5 e.g., Nakai & & Okaoya, 2018



Problem outline

rules?
regularities?

Grammar Arithmetic [ESA
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Relation between (impaired) processing

e.g., Chow et al., 2021; Kleemans et al., 2018;
Viesel-Nordmeyer et al., 2019; 2021; Wimmer et al., 2024
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rules?

regularities?

A

Grammar Arithmetic [E8% gl)..

/<\ tsuyoi kumaga nemuru

4 X 3 4+ 8  Thestrong bear sleeps’
e.g., Chow et al., 2021; Kleemans et al., 2018;
Viesel-Nordmeyer et al., 2019; 2021; Wimmer et al., 2024
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rules?
regularities?
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Grammar Arithmetic £S5 i

- prepositions
- comparatives

/{\ - superlatives
tsuyoi kumaga nemuru

4 X 3 4+ 8  Thestrong bear sleeps’
e.g., Chow et al., 2021; Kleemans et al., 2018;
Viesel-Nordmeyer et al., 2019; 2021; Wimmer et al., 2024







fMRI

whole brain

Meta-Analysis

e.g., Eickhoff et al., 2012
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Results: Overlap between grammar and arithmetic processin

o
o
1. Left Supplementary Motor Area
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1w
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3. Left Insula (BA13)
o
o
]

Notes. Conjunction analysis of arithmetic and grammar processing including 21 studies
(Arithmetic: N = 13; Grammar: N = 8);
14 Voxel-level FWE of 0.05, 1000 Permutations, and 200mm3 volume
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Left SMA
Left IFG
Grammar Left Insula
&
Arithmetic
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@ Results: Grammar processing vs. Arithmetic processin

2. Left Middle/Superior Temporal Gyrus
(BA22,BA21)

3. Left Superior Temporal Gyrus
(BA22)

1. Left Inferior Frontal Gyrus
(BA44,BA45)

4. Left Inferior Frontal Gyrus (BA47)
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Results

Left IFG Left MTG

Grammar vs. Arithmetic

Grammar

&
Arithmetic
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@ Results: Arithmetic processing vs. Grammar processin

3. Left Dorsal Inferior 1. Right IPS (BA7; BA40)

Frontal Gyrus/
Precentral Gyrus
(BA6; BA9) 7. Left IPS (BA6; BA40)
6. Left Supplementary
Motor Area (BA6)

2. Left IPS (BA7; BA31)

el 4. Left Middle Frontal Gyrus
(BAG)

5. Left Insula (BA13)
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Results

Left IPS

Right IPS
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Grammar vs. Arithmetic

Grammar

&
Arithmetic

Arithmetic vs. Grammar
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Discussion — Overlap between grammar and arithmetic

9 Multiple demand network e.g., review: Fedorenko et al., 2024)

9 Executive demand (e.g., meta-analysis: Nee et al., 2012)

Overlap
A

->“hierarchical dependencies, regardless of modality and use”
(e.g., Fadiga et al., 2009)

B - “grammar center” (sakai et al., 2005)

+ evidence of domain separate mechanisms for arithmetic and grammar processing
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Discussion — Overlap grammar and arithmetic

-> Multiple demand network (e.g., review: Fedorenko et al., 2024)

Multiple demand network
. Language network

-> Executive

= “hierarchical dept

(e.g., Fadiga et al., 2009)

Review language network: Fedorenko et al., 2024

- “grammar center” (sakai«

+ evidence of domain separate mq

Meta-Analysis Executive Function: Nee et al., 2014




Discussion — Overlap grammar and arithmetic

-> Multiple demand network (e.g., review: Fedorenko et al., 2024)

= Executive demand (¢,

= “hierarchical dependenc
(e.g., Fadiga et al., 2009)

Overlap
A

o - “grammar center” (s:

+ evidence Of domain Separate 111 Review ,Grammar center”: Sakai et al., 2004
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* . Grammar | Arithmetic

4 of 8 studies 8 of 13 studies
contrasts contrasts
problem complexity problem complexity
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Future Studies/Limitations

-> studies on separate age groups

contrasting
v/ grammar processing
v’ arithmetic processing

v’ executive function processing

-> in large problems AND small problems

-> visual testing AND auditory testing




Future Studies/Limitations

Does impairment in higher-order cognitive
processing (e.g., executive function, working
memory) underlie comorbid learning disorders?

¢ /
comorbldlty Ok

e.g., Peng & Fuchs, 2014; Peng et al., 2020;
Viesel-Nordmeyer et al., 2023

Brain picture: https://www.ox.ac.uk



Thank you for your attention!

PhD Nurit PhD Johannes
Viesel-Nordmeyer Ziegler Prado

- Labnratni e
g AMPIrc s’

Péle pilote de formation des enseignants

Psychotogie

4 =
AD E F et de recherche pour I'éducation o \ ..: . ogn i t i ve

Apprentissage | Didactique |Evaluation | Formation

BBL-lab.com



Memiory

Emotioms] regulation

vs. Arithmetic Sound

vs. Grammar




Left MTG

Left IFG
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