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a b s t r a c t

The ability to form and use recursive representations while
processing hierarchical structures has been hypothesized to rely
on language abilities. If so, linguistic resources should inevitably
be activated while representing recursion in non-linguistic domains.
In this study we use a dual-task paradigm to assess whether verbal
resources are required to perform a visual recursion task. We test-
ed participants across 4 conditions: (1) Visual recursion only, (2)
Visual recursion with motor interference (sequential finger tap-
ping), (3) Visual recursion with verbal interference – low load,
and (4) Visual recursion with verbal interference – high load. Our
results show that the ability to acquire and use visual recursive
representations is not affected by the presence of verbal and motor
interference tasks. Our finding that visual recursion can be repre-
sented without access to verbal resources suggests that recursion
is available independently of language processing abilities.

� 2015 Elsevier Inc. All rights reserved.

1. Introduction

Humans are exceptional creatures. Our ability to form complex social structures, and to transform
our environment is unprecedented in the animal kingdom. What makes us exceptional is our cognitive
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power: our ability to combine actions to achieve complex goals and to represent complex structures
goes well beyond what is documented in any other animal species (Badre, 2008; Badre, Hoffman,
Cooney, & D’Esposito, 2009; Conway, & Christiansen, 2001; Unterrainer, & Owen, 2006;
Wohlschlager, Gattis, & Bekkering, 2003). Language, for example, requires the combination of words
into sentences (Chomsky, 1957). The combinatorial processes involved in language are powerful
and flexible, allowing us to generate an infinite number of meaningful sentences by combining a finite
set of words (Hauser, Chomsky, & Fitch, 2002; von Humboldt, 1972).

Underlying the capacity to combine individual elements to form higher order structures is the con-
cept of hierarchy. ‘Hierarchy’ can be used to denote a tree-like organization in structural representa-
tions where ‘higher’ levels incorporate multiple ‘lower’ levels. Language (Chomsky, 1957; Hauser et al.,
2002), complex problem solving (Unterrainer, & Owen, 2006), and complex social navigation (Nardini,
Jones, Bedford, & Braddick, 2008) all require the use and production of hierarchies (Fig. 1). For exam-
ple, in action sequencing (Fig. 1C), the general goal of ‘making coffee’ is hierarchically superior, or
‘dominant’ over the specific actions of ‘grinding the coffee beans’ and ‘filling the water container’
(Jackendoff, 2002). Individuals can evaluate the need for these basic actions and omit them if they
are unnecessary without impairing the overall procedure of making coffee (Badre, & D’Esposito, 2009).

Hierarchies can be generated and represented using processes that establish relationships of dom-
inance and subordination between different items (Martins, 2012). Some of these processes are
depicted in Fig. 2. For instance, ‘iterative rules’ (Fig. 2A) can be used to represent the successive addi-
tion of items to a structure, such as the addition of beads to a string to form a necklace. ‘Embedding
rules’ can also be used to generate hierarchies by embedding one or more items into a structure so that
they depend on another item (Fig. 2B). For example, in an army hierarchy, two brigades can be incor-
porated into a division. Finally, we can also use ‘recursive embedding rules’ to generate and represent
hierarchies. Recursive embedding, or simply ‘recursion’, is the process by which we embed one or
more items as dependents of another item of the same category (Fig. 2C). As we can see from Fig. 2,

Fig. 1. Examples of linguistic (A), social (B) and action sequencing (C) hierarchies.
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