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Specific Learning Disorders

Definition, classification & Italian legislation




What are Specific Learning Disorders?

"Specific” = affects one skill domain while leaving general intelligence intact (IQ >

average)
. Dysorthographia . -
Dysl .
yslexia & Dysgraphia Dyscalculia Comorbidity
Specific reading Writing disorders Arithmetic skills Mixed SLD disorder
disorder (F81.0) (F81.1 / F81.8) disorder (F81.2) (F81.3) — most common
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SLD Diagnosis: Key Criteria

Consensus Conference (AID, 2006—2007) — Discrepancy Model

Affected Ability

DSM-5 Severity Levels
Mild Moderate Severe

Recovery & strengthening activities
needed

Some didactic measures sufficient Intensive support required
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Italian Law 170/2010: Rights & Obligations

Q, Early Identification

Schools must report suspected SLDs to families for
accredited diagnosis

¢ Compensatory Tools

Right to adapted tools & dispensatory measures in all
subjects

Healthcare Services

Strengthened diagnostic services for timely assessment

Personalized Didactic Plan (PDP)

Mandatory individualized plan prepared by Class Council
each year

® Teacher Training

Mandatory training for teachers and school leaders in SLD
support

88 Protection from Exclusion

Law acknowledges risk of frustration & impact on
employment
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Dyscalculia

Neurobiological profile & impact on STEM education




Dyscalculia: Two Distinct Profiles

Neurobiological origin — affects numerical intelligence from birth

Profile A — Cognitive Structure Profile B — Executive Procedures

‘ Quantification & comparison mechanisms ‘ Reading & writing numbers
‘ Mental calculation strategies ‘ Retrieval of number facts
‘ Number sense & numerosity ‘ Written calculation algorithms

of Italian students affected by SLDs

% (2018/2019 school year — MIUR data)
® Increasing trend: 2.9% (2016/17) > 6.0% (2022/23)
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Development of Numerical Intelligence

People with dyscalculia tend to count in units (often on fingers) and struggle to progress beyond foundational
strategies.

Common challenges: multiplication tables, carrying in division, transposing digits, unintentional misuse of
arithmetic signs, inability to solve complex problems — with obvious consequences on self-esteem.

7+

14— years
years

Pre-verbal Number-words & Reading & writing Strategies refined,
numerical knowledge counting skills numbers develop basic operations stabilize
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Dyscalculia & Mathematics

Didactic strategies, self-esteem & the low self-esteem spiral




Didactic Strategies for Mathematics

Reasoned Understanding Concrete Materials

Avoid mnemonic learning of arithmetic; Drawings, diagrams, graphs to make learning tangible and
favor conceptual reasoning over rote methods visual

Small Steps Active Participation

Carefully structured sequences; Games where students find their own solutions; varied
limit memory load; sufficient repetition methodologies

Adequate Time Clear Instructions

Respect individual rhythms; No ambiguity; adapted font & spacing;

flexibility in materials & strategies symbol meanings stated explicitly

11/27



Self-Esteem & The Low Self-Esteem Spiral

Low Self-Esteem Spiral Counter-strategies

O siographies ofsuccest

scientists with SLDs

Q Neurodiversity normalization
in the classroom

rdinforces
cycle

Feeling of helplesshess

spiral
repeats

- > Cooperative learning
School assignment and peer support

v

e B (CTtoosfor aci

and autonomous participation

Adapted from Donato, C. (2014) — Scuola e Didattica
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Scientists Who Overcame Learning Difficulties

Presenting these biographies counters the low self-esteem spiral and normalizes neurodiversity

Challenge: Late speech development Challenge: Spelling & arithmetic difficulties g:

v Nobel Prize in Physics v Inventor of the light bulb

His student VVera Rubin described him so:
he couldn’t write nor count, yet he
understood the universe

Challenge: Severe difficulties with numbers
& mathematics

Vv Pioneer astronomer Vv founder of NASA
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Dyscalculia & Chemistry

Why chemistry is uniquely challenging — and how to teach it inclusively




Why Chemistry is Especially Challenging

Chemistry requires logical thinking, sequential learning, numerical reasoning, memory of formulas & notation

Formalism Inconsistency — A Key Barrier

Molecular Weight | unit: amu | symbol: PM or

Molar Mass | unit: g/mol | symbol: MM or M Mw

Stoichiometric . .

. Ambiguous formalism
calculations
Multi-step unit conversions Same concept, different symbols
with high memory load across textbooks
Molar concept Sequential logic
Switching between mass, Rules must be applied in

moles & molecule counts exact order — no shortcuts
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The Evidence: Kaminska-Ostep & Gulinska
(2008)

400 students (age 13—-15) » ~20% with dyslexia/SLD e 4 didactic units ® Two groups: Method A (inclusive) vs

Method B (traditional)

Computational Chemical Inorganic Organic
Chemistry Experiments Nomenclature Nomenclature

Proportion method Video instructions Computer games Ball-and-stick models
vs equations vs written vs board games vs animated

+16%

+13% +16% +12%
for SLLD
students

for SLLD for SLLD for SLLD
students students students

efficacy gain efficacy gain efficacy gain efficacy gain
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Innovation 1: Proportion Method for Calculations

Why it works: reduces equation complexity — less working memory load for SLD students

Traditional Equation Method

One step at a time
using ratios:

Requires manipulating

multiple algebraic steps
simultaneously AB=C:D
High working memory

demand Breaks complexity into

manageable proportions

+13%

efficacy gain for SLD students
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Innovation 2 & 3: Video Instructions &

Manipulative Models

Video Instructions for Experiments Ball-and-Stick Models for Nomenclature

Why effective:
Multi-sensory input; students can
pause, rewind, repeat at own pace

Effective for ALL students —
not just those with SLDs

+16% for SLLD
students

Why effective:
Direct physical manipulation
outperforms animated computer models

Promotes meaningful learning
over rote memorization

+16% for SLLD
students
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Chemistry & Self-Esteem: Notable Scientists

Nobel laureates and leading scientists who succeeded despite — or because of — their learning differences

Carol Greider Jacques Dubochet

Condition: Dyslexia (diagnosed age 14)

Condition: Dyslexia

v Nobel Prize — Chemistry
Cryo-electron microscopy

v Nobel Prize — Physiology/Medicine
Discovery of telomerase

Condition: Dyslexia Condition: Severe mathematical difficulties

v Discovered electrical nature of
lightning & invented lightning rod

v Nobel Prize — Chemistry
Partition chromatography
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Disabilities of scientists related with the PT

PERIODIC TABLE of the Elements

Scientists who made extraordinary discoveries — despite their disabilities
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Modified from Miner D et al., “Teaching Chemistry to Students with Disabilities: A Manual for High Schools, Colleges, and Graduate Programs”, The American Chemical Society, 2001
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Inclusive Textbooks & ICT

Zanichelli's approach and the role of technology




Zanichelli: "Chimica: molecole in movimento"

Valitutti et al., 2022 — 2nd edition — uniquely designed with an inclusive approach

7 pages on the mole
Diagrams, mind maps,
visual examples
SLD-optimized

~25 pages on the mole
Extensive explanations
& exercises

Hands-on experiments
adapted for inclusive

pedagogy

Key Inclusive Features of "Idee per imparare"

Larger font size for readability Color-coded units of measurement
Concept-activating maps at start of each chapter Everyday analogies (eggs - Avogadro's number)
Guided exercises with explicit step-by-step instructions Summary concept maps at end of each chapter
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Zanichelli: "Chimica: molecole in movimento"

Valitutti et al., 2022 — 2nd edition — uniquely designed with an inclusive approach

MOLE (mol}
quantiti 8i sostanza che contient 1o stesso

A o i massa atomica (g) umero d atomi presents in 12 g & UC

« mumers adumersanate
UNITA DI MASSA ATOMICA (u)
U = 1412 defls massa @ VC =

= 1,681 10" g

walore scelto come riferimento guale alis MA o MM
MA u = massa ol un solo b 1)
atoma fin grammi) |_1
e

MASSA MOLECOLARE (MM)
NH E=3
@ 1401 + 3x
74

somma delle masse atomiche

Key Inclusive Features of "Idee per imparare"

. Larger font size for readability . Color-coded units of measurement

. Concept-activating maps at start of each chapter . Everyday analogies (eggs - Avogadro's number)

. Guided exercises with explicit step-by-step instructions . Summary concept maps at end of each chapter

23/27



Conclusions & Recommmendations

Bridging research-practice divides in inclusive science education




Key Findings

Chemistry teaching for students with dyscalculia requires an evolution of methodologies — not a

revolution of content

Proportion method

Video instructions

Computer games

Ball-and-stick models

Inclusive textbooks

Self-esteem interventions

+13% efficacy vs equations for SLD students in computational
chemistry

+16% efficacy vs written instructions for lab experiments

+12% efficacy vs board games for inorganic nomenclature

+16% efficacy vs animated models for organic nomenclature

Color-coding, larger fonts, concept maps & everyday analogies
reduce cognitive load

Biographies of scientists with SLDs counter the low self-
esteem spiral
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Recommendations & Research Gaps

Recommendations Research Gaps
1. Teacher training in multisensory pedagogies for A\ Few studies on dyscalculia in upper secondary
secondary STEM chemistry

2. Policy advocacy for equitable access to STEM subjects A\ Most research focuses on primary mathematics

: A\ Limited chemistry-specific SLD interventions
adaptations

4. Integration of ICT tools as standard inclusive practice A\ Need for longitudinal efficacy studies in STEM

| 3. Systematic use of PDPs with chemistry-specific
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New Perspectives in Science Education — 15th Edition

Thank You

"Teaching chemistry for students with dyscalculia
does not require a revolution of content,
but an evolution of methodologies.”

Martina Bodner
Direzione Istruzione e Formazione Italiana, Bolzano, Italy
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