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A B S T R A C T

Over-imitation has become a well-documented phenomenon. However there is evidence that
both social and visible, physically causal factors can influence the occurrence of over-imitation in
children. Here we explore the interplay between these two factors, manipulating both task
opacity and social information. Four- to 7-year-old children were given either a causally opaque
or transparent box, before which they experienced either (1) a condition where they witnessed a
taught, knowledgeable person demonstrate an inefficient method and an untaught model de-
monstrate a more efficient method; or (2) a baseline condition where they witnessed efficient and
inefficient methods performed by two untaught models. Results showed that the level of imita-
tion increased with greater task opacity and when children received social information about
knowledgeability consequent on teaching, but only for 6- to 7-year-olds. The findings show that
children are selectively attuned to both causal and social factors when learning new cultural
knowledge.

1. Introduction

Compared to any other species, humans have an enormous propensity to acquire cultural knowledge (Henrich, 2015; Pagel,
2013). This ability is commonly attributed, at least in part, to an early-developing tendency for high fidelity imitation of the be-
haviors, skills, and actions of others (Dean, Kendal, Schapiro, Thierry, & Laland, 2012; Schillinger, Mesoudi, & Lycett, 2015; Tennie,
Call, & Tomasello, 2009; Whiten, McGuigan, Marshall-Pescini, & Hopper, 2009). The disposition to copy others has been found to
extend in some contexts to children and adults imitating apparently indiscriminately, extending to the copying of even visibly
irrelevant or causally superfluous actions (Horner and Whiten, 2005; McGuigan, Whiten, Flynn, & Horner, 2007). It has been sug-
gested that this phenomenon, dubbed “over-imitation” (Lyons, Young, & Keil, 2007) can, in normal daily life, facilitate the spread of
cultural knowledge, particularly when skills pertain to tasks that are causally opaque or too difficult for a naive learner to learn on his
or her own (Lyons, Damrosch, Lin, Macris, & Keil, 2011; Lyons et al., 2007; Nielsen, Mushin, Tomaselli, & Whiten, 2014), or to
behaviors that are associated with rituals or other normative conventions (Herrmann, Legare, Harris, & Whitehouse, 2013; Kapitány
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and Nielsen, 2015, 2017; Keupp, Behne, & Rakoczy, 2013; Keupp, Behne, Zachow, Kasbohm, & Rakoczy, 2015; Legare, Wen,
Herrmann, & Whitehouse, 2015; Watson-Jones, Legare, Whitehouse, & Clegg, 2014; Wilks, Kapitány, & Nielsen, 2016). However, a
number of other studies have shown that children and adults are not necessarily indiscriminate imitators; in some contexts they may
be selective instead (see for example, Gergely, Bekkering, & Kiraly, 2002; Hilbrink, Sakkalou, Ellis-Davies, Fowler, & Gattis, 2013;
Nielsen, 2006). Identifying the potentially interacting factors that modulate over-imitation is accordingly important to understanding
how children learn new skills and cultural knowledge from others. In this spirit the present study examines the limits and selectivity
of children’s motivational tendency to copy others, exploring a potential interplay between social and causal factors that may interact
in underpinning over-imitation.

In many over-imitation experiments children and adults watch a model perform several actions, some causally relevant and some
visibly causally irrelevant. In an initial study, Horner and Whiten (2005) showed children either an opaque or transparent puzzle box
and performed a series of causally irrelevant and relevant actions on it before extracting a reward from the box. Regardless of
whether the puzzle box was opaque or transparent (so in the latter, causal irrelevance appeared highly visible), children copied the
irrelevant actions. What Lyons and colleagues later called “over-imitation”, became identified as a pervasive tendency to imitate a
series of actions even in the face of visual information that these actions have no causal relevance to the task solution (Horner and
Whiten, 2005; Lyons et al., 2007). Later research has therefore concentrated much on the transparent versions of such tasks, showing
that children may continue to copy irrelevant actions even under time constraints (Lyons et al., 2011; Lyons et al., 2007), even when
they are given the opportunity of prior experience with how the task works (Nielsen and Tomaselli, 2010), and even when they have
been schooled that irrelevant actions are ‘silly and unnecessary’ (Lyons et al., 2011; Lyons et al., 2007). Such effects have further been
documented after children’s personal exploration of tasks, despite an irrelevant action occurring after retrieving an award (Wood,
Kendal, & Flynn, 2013a), with children who live in quite different cultures (Berl and Hewlett, 2015; Nielsen, Mushin et al., 2014;
Nielsen and Tomaselli, 2010), and despite the absence of any social interaction or audience (Whiten et al., 2016).

A large part of this literature has thus focused on investigating the motivation to over-imitate in the kinds of transparent con-
ditions that first revealed the phenomenon so starkly (Berl and Hewlett, 2015; Brugger, Lariviere, Mumme, & Bushnell, 2007; Carr,
Kendal, & Flynn, 2015; Chudek, Baron, & Birch, 2016; Flynn, 2008; Flynn and Smith, 2012; Freier, Cooper, & Mareschal, 2015; Frick,
Clément, & Gruber, 2017; Hoehl, Zettersten, Schleihauf, Grätz, & Pauen, 2014; Horner and Whiten, 2005; Kenward, 2012; Kenward,
Karlsson, & Persson, 2011; Keupp, Bancken, Schillmöller, Rakoczy, & Behne, 2016; Keupp et al., 2015; Lucas et al., 2017; Lyons et al.,
2011; Lyons et al., 2007; Marsh, Pearson, Ropar, & Hamilton, 2013; Marsh, Ropar, & Hamilton, 2014; McGuigan, 2012, 2013;
McGuigan and Burgess, 2017; McGuigan, Gladstone, & Cook, 2012; McGuigan, Makinson, & Whiten, 2011; McGuigan and Whiten,
2009; Moraru, Gomez, & McGuigan, 2016; Nielsen, 2013; Ronfard, Was, & Harris, 2016; Schleihauf, Graetz, Pauen, & Hoehl, 2017;
Simpson and Riggs, 2011; Taniguchi and Sanefuji, 2017; Vivanti, Hocking, Fanning, & Dissanayake, 2017; Whiten et al., 2016; Wood
et al., 2016; Wood, Kendal, & Flynn, 2012; Wood et al., 2013a). Less work has explored what is more likely to be the natural
functional context of over-imitation, the everyday world of largely opaque (and moreover causally opaque) objects (Buchsbaum,
Gopnik, Griffiths, & Shafto, 2011; Clay and Tennie, 2017; Gardiner, 2014; Gruber, Deschenaux, Frick, & Clement, 2017; Herrmann
et al., 2013; Marno and Csibra, 2015; McGuigan et al., 2007; Nielsen, Cucchiaro, & Mohamedally, 2012; Nielsen and Hudry, 2010;
Nielsen, Moore, & Mohamedally, 2012; Nielsen, Mushin et al., 2014; Nielsen, Tomaselli, Mushin, & Whiten, 2014; Subiaul,
Krajkowski, Price, & Etz, 2015; Watson-Jones et al., 2014).

The world is full of such complex cultural artefacts and tasks that are physically and causally opaque, too difficult for a naïve
learner to master on his or her own. One explanation for the prevalence of over-imitation in experimental, transparent contexts in our
species is that humans developed this tendency as an adaptive strategy to acquire complex technological skills in contexts of causal
opacity, by copying the methods shown by experienced others as closely as possible (Lyons et al., 2011; Lyons et al., 2007; Nielsen,
Mushin et al., 2014; Whiten et al., 2009). From this perspective over-imitation can result from a pragmatic “rule of thumb” to imitate
in a “copy-all, refine later” functional strategy (Horner and Whiten, 2005). However, more research is required to understand the
motivations and flexibility behind imitating in the kinds of opaque conditions so common in the real world. Accordingly we suggest
that the context of social learning in relation to opaque as well as transparent objects now merits more attention, and further
research.

Based on prior work in transparent conditions where the irrelevancy of actions is visibly apparent, we know that over-imitation
can be limited or modulated by several factors. For example, a dimunition of over-imitation can occur based on either social or causal
cues. When children are presented with causal information via one model who demonstrates a more efficient method and another
model who demonstrates an inefficient one (McGuigan and Robertson, 2015; Nielsen and Blank, 2011; Schleihauf et al., 2017), or
when there is visual confirmation that the actions are superfluous (Gardiner, 2014), they are less likely to over-imitate, instead
tending to adopt the relatively efficient method. Additional research shows that children are sensitive to the relevance of the
communicative intent of others, and over-imitation may decrease when children receive a salient social cue from a model that only
the casually relevant elements of the demonstration need to be copied (Brugger et al., 2007; Buchsbaum et al., 2011; Gergely et al.,
2002; Nielsen, 2006; Southgate, Chevallier, & Csibra, 2009; Vredenburgh, Kushnir, & Casasola, 2015).

Other social factors have been shown to encourage over-imitation. More specifically, studies demonstrate that children are more
likely to imitate irrelevant actions when they perceive ostensive or pedagogical cues that the demonstrator is going to communicate
relevant information (Gergely and Csibra, 2005) and that this is the way an action “ought to be done” (Bonawitz et al., 2011;
Herrmann et al., 2013; Kapitány and Nielsen, 2015, 2017 ; Kenward et al., 2011; Keupp et al., 2013; Keupp et al., 2015; Watson-Jones
et al., 2014). More normative framing (e.g., doing something that “ought to be done”) and goal demoted actions (e.g., actions with no
known goal) increases children’s imitative fidelity compared to instrumental framing (e.g., doing something “to get prizes”) and tasks
with a clear goal (e.g., retrieving prizes or putting an object in a box) (Clegg and Legare, 2016b; Legare et al., 2015; Nielsen,
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