
Background
• Language acquisition is supported by two learning and memory systems: 

declarative memory and procedural memory, with procedural learning underlying 
implicit processes of grammar learning.  

• Previous research has found that impairment of the neural regions underlying 
procedural memory are associated with grammatical deficits, as evidenced in 
children with developmental language disorder (DLD) (Ullman & Pierpont, 2005; 
Ullman, Earle, Walenski & Janacsek, 2020). 

• However, Dąbrowska (2010) proposes that both implicit and explicit processes are 
involved at different stages of children’s language acquisition. 

• According to usage-based theories, grammatical development involves extracting 
constructional schemas from previously encountered utterances (Tomasello, 
2003). Through practice, these schemas are entrenched and routinized to enable 
fluent processing (Dąbrowska, 2010). 

• Language learning is a complex, cognitive skill and the different stages involved in 
skill acquisition theory correspond to the different stages of usage-based theories 
(see model below). 

Objectives
• To combine insights from the usage-based model (Tomasello, 2003), and skill 

acquisition theory (Anderson, 1993; Anderson & Lebiere, 1998, Anderson et al., 
2004; DeKeyser, 2007, 2015) to further understand children’s language 
acquisition.

• To explore individual differences leading proceduralization of a cognitive skill, and 
to investigate how these differences predict children’s linguistic ability,

• To explore performance of typically developing children, and children with 
developmental language disorder (DLD) to gain further insight as to how best to 
support children with language difficulties.

How do individual differences 
in the speed of automatization 
predict children’s linguistic 
ability? 

Method
Children aged between 7 and 9 years.
Native English speakers
Typically developing children and children with DLD

Individual differences design with children completing a battery of attainment
measures:

Language assessments
• Test for Reception of Grammar (Bishop, 2003)
• British Picture Vocabulary Scale II (Dunn, Dunn, Whetton & Burley, 1997)
• Clinical Evaluation of Language Fundamentals (Semel, Wiig & Secord, 2013).

Recalling sentences.
• Expository Discourse (adapted from Nippold, Hesketh, Duthie & Mansfield,

2005)

Cognitive assessments
• Ravens Coloured Progressive Matrices (Raven, 1995)
• Backwards Colour Span Task (Riches, 2012)
• Embedded triplets statistical regularity task (adapted from Arciuli & Simpson,

2012)

The Multiple-trial Tower of Hanoi (MToH)
• Children will complete the MToH puzzle 25 times, the last 5 trials whilst

performing a secondary task.
• The MToH will be conducted over two sessions, to measure consolidation

effects.
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Measuring individual differences in the speed 
of automatization, using the Multiple-trial 
Tower of Hanoi task
Children’s speed of automatization will be measured using the Multiple-trial Tower of 
Hanoi task (MToH) and will be analysed alongside performance measures from language 
and cognitive tasks. 

• Previous research has used the ToH to assess executive function, over a single trial. 
However, multiple trials of the ToH can be used to measure cognitive procedural 
learning with evidence showing that procedural memory is only functional in the final, 
autonomous stage (see Beaunieux et al. 2006; Hubert et al., 2007).  

• The MToH task is advantageous for children with language learning difficulties as it is 
non-verbal. 

• The MToH is hierarchical, following a planned sequence of actions in order to solve the 
task: these actions involve explicit and implicit processes. Language learning operates 
in the same way, with interaction between both declarative and procedural memory.

Predicted outcomes

The two main hypotheses are as follows: 

• Children with DLD will show slower improvement over successive trials in the MToH
task compared to typically developing children, due to proposed deficits in procedural 
learning ability.

• Children with DLD will find it difficult to retain initial learning due to potential difficulties 
in consolidation processes.
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