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Abstract 

Purpose: Word learning depends on attention – children must focus on the right things at the 

right times. However, autistic children often display restricted interests, limiting their intake 

of stimuli during word learning. This study investigates how category interests influence 

word learning in autism and neurotypical development.  

Methods: Autistic and neurotypical children matched on receptive vocabulary used a touch-

screen computer to learn novel words associated with animals (high-interest stimuli) and 

objects (neutral-interest stimuli) via fast mapping. Response accuracy and speed were 

examined at referent selection, 5-minute retention, and 24-hour retention.  

Results: Both groups identified meanings of novel words associated with unfamiliar animals 

and objects via mutual exclusivity with comparable accuracy. After 5 minutes, autistic 

children retained animal names with greater accuracy than neurotypical children. Autistic 

children showed a greater increase in their accuracy between 5-minute and 24-hour retention 

and outperformed neurotypical children across conditions after a night’s sleep. Across 

groups, 24-hour retention was predicted by number of target word repetitions heard at 

referent selection, indicating a relationship between fast mapping input and retention. 

However, autistic children were slower to respond correctly, particularly in the animal 

condition.  

Conclusion:  For autistic children, superior word learning associated with high-interest 

stimuli was relatively short-term, as sleep appeared to consolidate their memory 

representations for neutral-interest stimuli. Although these results demonstrate that 

fundamental word learning mechanisms are not atypical in autism, slower response times 

may signal a speed-accuracy trade-off that could have implications for naturalistic language 

acquisition. Our findings also indicate favourable environmental conditions to scaffold word 

learning. 
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How do autistic and neurotypical children’s interests influence their accuracy during 

novel word learning? 

Word learning is one of the most important milestones in children’s cognitive 

development (Carpenter et al., 1998). While neurotypical children can map word-referent 

associations from 6-months (Friedrich & Friederici, 2011) and know the meanings of 

approximately 200 words before 2-years of age (Dale & Fenson, 1996), autism is often 

characterised by significant delays in receptive vocabulary development (Artis & 

Arunachalam, 2023; Kover et al., 2013). Recent studies investigating the causes of autistic 

children’s difficulties acquiring vocabulary have demonstrated that fundamental word 

learning mechanisms function and inter-relate in a manner that resembles neurotypical 

development (Carter & Hartley, 2021; Hartley et al., 2019, 2020). Thus, it may be that 

autistic children’s word learning difficulties can be attributed to attentional differences that 

affect their intake of visual and auditory input (Arunachalam & Luyster, 2018; Venker et al., 

2018). Here, we directly test this theory by systematically investigating how autistic 

children’s interests in stimuli influence multiple word learning mechanisms. Throughout the 

manuscript we use identity-first language as this is often preferred by the autism community 

(e.g. Kenny et al., 2016). 

When a child detects a novel word in speech, successful word learning is contingent 

on accurately identifying its intended meaning (referent selection; Vlach & Sandhofer, 2012). 

The child must then store the correct word-referent association in memory for later retrieval 

(retention; Gleitman, 1990). According to the ‘dynamic associative account,’ referent 

selection and retention utilise separate ‘fast mapping’ and ‘slow learning’ mechanisms that 

operate on different timescales (McMurray et al., 2012). 

Fast mapping occurs when children overcome the challenge of referential ambiguity 

(there are often multiple potential targets for a newly heard word; Markman, 1989) by 

correctly inferring meaning from linguistic and environmental cues (Carey & Bartlett, 1978). 

For example, by 2 years, neurotypical children map new word-referent associations on the 

basis that each word has only a single referent (they employ the principle of ‘mutual 
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exclusivity (ME);’ Markman, 1989). Children’s use of ME is commonly tested by presenting 

an unfamiliar object amongst familiar objects and asking them to identify the referent of a 

novel word. As the familiar objects already have known labels, neurotypical children deduce 

that the unfamiliar object must be the referent for the novel word.  

Although referent selection is an important first step towards vocabulary acquisition, 

children are considered to have ‘learnt’ a new word only when they can retrieve its meaning 

after a delay (Gleitman, 1990). Crucially, accurate referent selection does not guarantee 

retention; Horst and Samuelson (2008) demonstrated that neurotypical toddlers who perform 

at ceiling on a fast-mapping task often fail to retain novel words after five minutes (also see 

Bion et al., 2013). While referent selection represents a process of attentional narrowing, 

retention is underpinned by basic associative learning mechanisms that gradually strengthen 

as statistical input increases (Hartley et al., 2020; McMurray et al., 2012). Newly formed 

word-referent associations are also strengthened by sleep. School-aged neurotypical 

children’s novel word retention significantly improves after a night’s sleep (Brown et al., 

2012), and preschool children who nap shortly after exposure to novel words are more likely 

to retain their meanings (Williams & Horst, 2014). These effects are explained by ‘active 

system consolidation theory,’ which proposes that sleep enhances retention by reactivating 

recently encoded word-referent representations, facilitating their integration into memory 

networks by strengthening synaptic connections (Diekelmann & Born, 2010).  

Importantly, children’s word learning and attention are fundamentally inter-related. 

During fast mapping, children must focus their attention on a novel word’s intended referent 

while excluding non-target competitors (Twomey et al., 2016). This requires children to 

navigate their attention across multiple components of the learning environment and 

coordinate their attention to corresponding audio-visual stimuli during naming events 

(Samuelson et al., 2017). Ackermann et al. (2020) recently reported that neurotypical 30-

month-olds find it easier to learn names for novel referents belonging to categories they are 

particularly interested in, such as animals. These findings suggest that heightened attention to 
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interesting objects increases children’s focus, which in turn benefits their encoding of word-

referent representations.  

Early studies investigating autistic children’s referent selection identified reduced 

sensitivity to social-pragmatic cues as a potential cause of their language learning difficulties 

(e.g. Baron-Cohen et al.,1997; Preissler & Carey, 2005). However, a plethora of recent 

studies have demonstrated that autistic children with varying language abilities can 

successfully utilise social cues to inform accurate referent selection (e.g. Luyster & Lord, 

2009; McGregor et al., 2013). Furthermore, autistic children – including those with delayed 

receptive vocabulary development – can accurately identify novel word meanings via lexical 

heuristics such as ME (Preissler & Carey, 2005). 

In contrast to referent selection, few studies have investigated retention of newly 

learned words in autistic children with delayed language development. In two recent 

exceptions, Hartley et al. (2019, 2020) investigated the relationship between identification 

and retention of novel word meanings and explored how these processes are influenced by 

attentional cues. In their 2019 paper, language-delayed autistic children and neurotypical 

children matched on receptive vocabulary identified the names of novel objects in a ME-

based fast mapping task. After a 5-minute delay, autistic children responded at least as 

accurately as neurotypical children on a retention test. In Hartley et al. (2020), similar 

samples disambiguated word meanings by tracking statistical word-object co-occurrences 

with equivalent accuracy and the groups did not differ on retention tests. However, autistic 

children were significantly slower to indicate correct referents under both cued and non-cued 

learning conditions. These findings suggest that fundamental mechanisms supporting word 

learning, and the relationships between them, may not be qualitatively atypical in language-

delayed autistic children. Rather, differences in response time may indicate that autism 

impacts the speed at which children process stimuli during word learning (Arunachalam & 

Luyster, 2018; Tenenbaum et al., 2017).  

 Whereas neurotypical children can flexibly navigate attention across their 

environment, many autistic children have difficulties allocating sustained/selective attention 
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and shifting focus between stimuli (Noterdaeme et al., 2002). These differences in attention 

have been linked to domain-general deficits in executive functioning (Ozonoff et al., 2004), 

which in turn have been implicated as a potential cause of diagnosis-defining restricted and 

repetitive behaviours and interests (RRBIs; Richler et al., 2007). RRBIs result in children 

focusing intensely and repeatedly on very specific interests and activities in their daily lives. 

Such is the intensity of their RRBIs, many autistic children experience difficulty disengaging 

from preferred stimulus categories and may be reluctant to attend to stimuli that they find less 

interesting (Leekam et al., 2011). Since environmental input is carefully selected and 

restricted by the child’s interests, attentional focal points are narrowed (Elsabbagh et al., 

2009) and sensitivity to valuable information and informants in the environment may be 

suppressed (McGregor et al., 2013).  

During word learning, restrictive attentional behaviours may prevent autistic children 

from attending to all stimuli in an array (Hartley et al., 2019). Many autistic children 

experience ‘sticky’ attentional fixations, and their focus is often captured by salient 

perceptual features to an atypical degree (Pierce et al., 2011). These attentional differences 

could have profound implications for language acquisition (Hilton et al., 2019; Hilton & 

Westermann, 2017). On one hand, if to-be-learned stimuli do not align with autistic 

children’s interests, reduced attention may result in weak or incorrect representations of 

word-referent relationships (e.g. Tenenbaum et al., 2017; Venker et al., 2018). Alternatively, 

if stimuli appeal to their interests, heightened attentional focus could lead to the formation of 

more robust word-referent relationships that are less susceptible to decay (e.g. Ackermann et 

al., 2020). Whilst some studies have explored how word learning in autism is influenced by 

external social and non-social attentional cues (e.g. Baron-Cohen et al., 1997; Preissler & 

Carey, 2005), no research to our knowledge has directly investigated how differences in 

internal preferential interests impact referent selection and retention in autism. 

For the first time, the present study investigated how interests associated with specific 

categories of stimuli influence multiple word learning mechanisms in autistic children with 

delayed language development. Autistic and neurotypical children matched on receptive 
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vocabulary identified the meanings of novel words in a computer-based ME referent selection 

task with two within-subjects conditions. In one condition, children learned names for 

relatively interesting stimuli – unfamiliar animals (participants’ interest in animals was 

confirmed via a questionnaire). It is well-documented that children generally prefer animal 

stimuli over non-animal stimuli (Celani, 2002; Prothmann et al., 2009) and many autistic 

individuals are particularly fond of animals (Martin & Farnum, 2002). In another condition, 

children learnt names for unfamiliar objects – generic experimental stimuli that are less likely 

to align with children’s pre-existing interests. Retention of novel words was tested after 5 

minutes and 24 hours. The retention tests following a 24-hour delay allowed us to investigate 

a) the robustness of novel word representations relating to different categories, and b) how 

sleep influences lexical consolidation in autistic children with concomitant language delay. 

Autism is often characterised by problematic sleep disorders, including bedtime resistance, 

sleep anxiety, difficulties falling asleep, and parasomnia (Díaz-Román et al., 2018; Souders et 

al., 2009). Given that sleep plays a critical role in protecting newly acquired declarative 

memories against decay in neurotypical development (Axelsson et al., 2018), such difficulties 

could impact autistic children’s consolidation of recently mapped word-referent associations. 

Although previous studies have identified benefits of sleep for autistic children’s lexical 

retention, these have exclusively recruited intellectually-able participants with high IQs who 

do not have language-learning difficulties (e.g. Fletcher et al., 2020; Henderson et al., 2014). 

Therefore, this study is the first to test whether overnight memory consolidation of new 

words differs for autistic children with delayed language development.     

As numerous studies have shown that autistic and neurotypical children can 

accurately apply ME when fast mapping with generic novel objects (e.g. Carter & Hartley, 

2021; Hartley et al., 2019), we did not expect any between-population or between-condition 

differences in accuracy during referent selection. However, we anticipated that differences in 

attention invested during referent selection may have consequences for retention. In 

particular, based on evidence for positive relationships between attentional focus and word 

learning (Ackermann et al., 2020; Axelsson et al., 2012; Bion et al., 2013), we predicted that 
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children in both populations would retain names for unfamiliar animals with greater accuracy 

than names for unfamiliar objects. After 24 hours, we tentatively predicted that sleep-induced 

benefits for retention would be weaker for autistic children with delayed receptive vocabulary 

development than neurotypical controls. We also anticipated that autistic children would be 

slower to generate correct responses than neurotypical children across all word learning 

stages, potentially indicating differences in speed of processing audio-visual input (e.g. 

Hartley et al., 2020). Importantly, this research will advance theoretical understanding of 

word learning by revealing the influences of preferential biases to selective stimuli in both 

autism and neurotypical development. 

Methods 

Participants 

Participants were 15 autistic children (13 males, 2 females; M age = 91.87 months; 

SD = 21.30) recruited from specialist schools, and 16 neurotypical children (6 males, 10 

females; M age = 52.31 months; SD = 18.88) recruited from mainstream schools, nurseries, 

and BLINDED FOR REVIEW BabyLab (see Table 1). All participants were monolingual, 

English was their native language, and had normal or corrected-to-normal colour vision. 

Autistic children were previously diagnosed by a qualified educational or clinical 

psychologist, using standardised instruments (i.e., Autism Diagnostic Observation Scale and 

Autism Diagnostic Interview – Revised; Lord et al., 1994, 2002) and expert judgement. 

Diagnoses were confirmed via the Childhood Autism Rating Scale 2 (CARS; autistic M = 

34.70, SD = 10.23; neurotypical M = 16.78, SD = 2.56; Schopler et al., 2010). This measure 

was usually completed by class teachers, but for eight neurotypical children who were tested 

at our BabyLab due to COVID-19 restrictions, it was completed by parents. Autistic children 

were significantly older, t(29) = -5.48, p  <.001, d = 1.97, and had significantly higher CARS 

scores, t(29) = -6.79, p  <.001, d = 2.40, than the neurotypical children.  

Groups did not significantly differ on receptive vocabulary as measured by the British 

Picture Vocabulary Scale 2 (BPVS; autistic M age equivalent = 53.27 months, SD = 22.48; 

neurotypical M age equivalent = 60.31, SD = 27.44; Dunn et al., 1997), t(29) = 0.78, p = .44. 
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Receptive vocabulary was selected as our group matching criterion as it reflects children’s 

ability to learn word-referent relationships (Bion et al., 2013). Expressive vocabulary was 

measured using the Expressive Vocabulary Test 2 (EVT; Williams, 2007), or the expressive 

language module of the Mullen’s Scales of Early Learning (MSEL; Mullen, 1995) for 

children who scored below the baseline on the EVT. Autistic (M age equivalent = 48.47 

months, SD = 27.70) and neurotypical children (M age equivalent = 60.31 months, SD = 

22.76) did not significantly differ on expressive vocabulary, t(29) = 1.30, p = .20. 

Children’s non-verbal intellectual abilities were measured using the Leiter-3 (Roid et 

al., 2013). The neurotypical group’s average non-verbal IQ score (M = 101.38, SD = 7.84) 

was significantly higher than the autistic group’s (M = 77.67, SD = 11.73), t(23)= 5.99, p 

<.001, d = 2.38. Scaled IQ scores could not be calculated for three neurotypical children as 

they were below the age of three years. However, the groups’ raw scores on the Leiter-3 did 

not significantly differ (autistic M = 60.33, SD = 15.57; neurotypical M = 57.25, SD = 

17.93), t(26)= -0.48, p = .64, suggesting that their non-verbal cognitive abilities were similar 

at time of testing (when age was not considered). Three autistic children did not complete the 

Leiter-3 due to school closure during the COVID-19 pandemic, but they were retained in the 

study as they completed all other measures. To assess attentional behaviours, the Conner’s 

Teacher Rating Scale (CTRS-15; Pupura & Lonigan, 2009) was completed by children’s 

class teachers, or the parents of the eight neurotypical children who were tested in our 

BabyLab. The mean raw scores for the autistic children (M = 17.27, SD = 11.04) and 

neurotypical children (M = 12.25, SD = 6.03) did not significantly differ, t(29) = -1.58, p = 

.12. The Repetitive Behaviour Questionnaire was completed by participants’ caregivers to 

assess the extent of their restrictive and repetitive behaviours (RBQ; Leekam et al., 2007). 

Autistic children (M = 43.87, SD = 8.37) had significantly higher scores than neurotypical 

children (M = 27.00, SD = 5.80), t(29)= -6.56, p  <.001, d = 2.34. 

Finally, we designed a caregiver questionnaire to assess the extent to which children 

were interested in animals (min-max scores: 0-34; autistic M score = 23.93, SD = 5.55, 

neurotypical M score = 23.31, SD = 2.80; see Supplementary Materials). The purpose of this 
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measure was to ensure that we recruited participants who were interested in animals, 

validating our categorisation of stimuli in the animal condition as ‘high-interest.’ The groups 

did not differ significantly on this measure, t(29) = -0.40, p = .69. One autistic child was 

excluded from the study due to their lack of interest in animals. 

An additional four participants were excluded from the study; two neurotypical 

participants who were unable to complete the touch screen task, and two children who did not 

complete both experimental conditions (one autistic and one neurotypical child).  

All procedures performed in this study involving human participants were in 

accordance with the ethical standards of institutional and national research committees. 

Informed consent was obtained from caregivers prior to children’s participation and a debrief 

was provided after participation.  

(insert Table 1 here) 

Materials 

The study was administered via a touch-screen computer running MATLAB. Audio 

stimuli for the word learning task included eight two-syllable unfamiliar words (manu, tanzer, 

boskot, virdex, toma, fiffin, chatten, modi) selected from the NOUN database (Horst & Hout, 

2016) and other academic sources. Visual stimuli included high-resolution colour 

photographs of 4 unfamiliar objects, 4 unfamiliar animals (see Figure 1), and 22 familiar 

objects, all presented on a grey background. All photographs were approximately 6cm2 and 

500 x 500 pixels when displayed on the screen. Unfamiliar objects were selected on the basis 

that children would not know their linguistic labels. Familiar objects were selected on the 

basis that most children understand their linguistic labels by 15 months (Fenson et al., 1994). 

Pictures of six familiar objects were employed in warm-up trials (tree, door, light, slide, 

pram, top). Pictures of 16 familiar objects were presented during referent selection trials in 

the object condition and animal condition. These were divided into two sets and 

counterbalanced across conditions (1. bottle, hat, pillow, toothbrush, rock, balloon, truck, 

bath; 2. telephone, ball, chair, spoon, bed, window, fridge, towel). Familiar objects allocated 

to the two conditions were matched on mean comprehension age (13.5 months for both sets) 
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and frequency of objects belonging to particular categories (e.g. toys, furniture). Familiar 

objects within each set were divided into pairs and presented alongside an unfamiliar object 

or animal in referent selection trials (depending on condition). In every trial type, three 

pictures were presented side-by-side. We ensured that names of objects presented together 

were phonologically distinct and their images clearly contrasted on shape and colour.  

Stimuli names were recorded by a female speaker from the local area and presented 

through the computer’s integrated speakers. Audio files were recorded and edited using a 

Sony ECM-MS907 Digital Microphone and Audacity 2.2.2 software. Auditory stimuli were 

edited for timing and clarity, and the volume of all files was normalised. The carrier phrases 

(e.g. “Can you see the [label]?”, “Touch the [label]!”) and the labels (e.g. “tree”, “fiffin”) 

were edited separately, so they were all distinct files. However, when the MATLAB 

programme ran the experiment, the audio files were presented sequentially. This was to 

ensure that there were no differences in the carrier phrases that may offer a hint to children 

regarding the labels that were about to be presented. Three web cameras attached to the left, 

right, and centre of the computer were used to record participants’ visual attention and 

behaviour during the study, although these data are not reported in the present paper. 

(insert Figure 1 here) 

Procedure 

During recruitment, caregivers completed a questionnaire about their child’s interest 

in animals (see Supplementary Materials). Animals are a common interest of many autistic 

and neurotypical children (Martin & Farnum, 2002; Prothmann et al., 2009), and our 

objective was to explore how this interest would influence their relative performance in the 

two word learning conditions. Examples of questions included: ‘How much does your child 

like animals?’ (responses: 1 - they don’t mind animals, 2 - they like animals a little, 3 - they 

like animals a lot, 4 - they really, really like animals) and ‘How much does your child enjoy 

watching television programmes, videos, and films involving realistic animals?’ (responses: 1 

- they don’t particularly enjoy it, 2 - they enjoy it a little, 3 - they enjoy it a lot, 4 - they really, 

really enjoy it).  
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Participants were tested individually in their own school or nursery, or our BabyLab, 

and were accompanied by a familiar adult when required. Children were assessed using the 

Leiter-3, BPVS, and EVT or MSEL by the researcher over multiple sessions on different 

days. Children completed two within-subjects conditions of the word learning task – novel 

animals and novel objects – administered on different days (average of six days apart, order 

counterbalanced). The word learning task was delivered via a touch-screen computer. 

Children were seated approximately 50-70 cm away from the screen on a height-adjustable 

chair. The word learning task consisted of the following stages, presented in a fixed order: 1. 

Warm-up trials, 2. Referent selection trials, 3. Five-minute delay, 4. Retention trials, 5. 24-

hour delay, 6. Retention trials (see Figure 2). The experimenter sat quietly while the 

participant was engaged in tasks and offered verbal praise for attention and good behaviour. 

(insert Figure 2 here) 

Warm up trials 

Before the study started, children were presented with a cartoon image of a hand that 

appeared in each of three touch-screen panels, one by one. To encourage children to feel 

comfortable touching the screen, the experimenter asked them to “Put their hand on the 

picture.” Then, children completed three warm-up trials. Children were instructed to “Put 

your hand on the picture that the computer asks you to.” During warm-up trials, children 

were presented with images of three familiar objects in the lower left, middle, and right 

panels of the computer screen. After 2 seconds, participants heard “Look, ‘2 s gap’ [label]!”, 

‘1 s gap’, “Can you see the [label]?”, ‘1 s gap’, “Touch the [label]!”. Children then had 12 

seconds to respond. The same instructions played up to six times if children did not respond. 

Responses were accepted only after the first label utterance, preventing children from 

skipping through trials without hearing the requested labels. Consequently, children who took 

longer to respond heard more repetitions of the label (this factor is examined in our analyses). 

Children received feedback when they made their selection; either audio praise if they 

responded accurately (e.g. “Well done, you touched the [label]!”) or corrective feedback if 

they responded inaccurately (“Actually, this is the [label]. Can you touch the [label]?”). 
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Following inaccurate responses, the correct referent was highlighted by a green border and 

children could retry up to five times. The location and order of requested objects were 

counterbalanced across participants. Neurotypical (M = 0.95) and autistic (M = 0.90) children 

did not significantly differ in their response accuracy on warm up trials, t(29)= 1.23, p = .23. 

This demonstrates that the groups were similar in their understanding of familiar labels and 

task requirements.  

Referent selection trials 

After the warm-up trials, children completed eight referent selection trials. These 

followed exactly the same format, except children did not receive feedback following their 

responses. Four novel words were taught via a fast-mapping paradigm based on Horst and 

Samuelson (2008). Children viewed four sets of pictures (each containing one unfamiliar 

picture and two familiar pictures). Each set was presented twice; on one trial the novel picture 

was requested (novel name trial: “Look, modi! Can you see the modi? Touch the modi!”), 

and on another trial a familiar picture was requested (familiar name trial: “Look, ball! Can 

you see the ball? Touch the ball!”). Familiar trials were included to detect whether 

participants’ responses were biased by a preference for novelty and to encourage them to 

examine every item in each array (accurate fast mapping requires children to attend to 

familiar competitors in order to exclude them as referents for a novel word; Halberda, 2003). 

Novel name trials promoted active learning of new word-object pairings; since participants 

already knew labels for the familiar pictures, they could identify the referent of the novel 

label by applying the ME principle. During this stage, familiar stimuli were always novel 

objects, and novel stimuli were either animals (high interest) or objects (neutral interest), 

condition dependent. 

 Trial order was pseudo-randomised with the constraints that the same set of pictures, 

or the same trial type (familiar name or novel name), was not presented on more than two 

trials sequentially. Positioning of objects on the screen (left, middle, right) was pseudo-

randomised across trials with the constraint that the target object did not appear in the same 

location more than twice consecutively. The eight novel words were divided into two sets (1. 
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manu, tanzer, boskot, virdex; 2. toma, fiffin, chatten, modi) and were counterbalanced across 

conditions. Novel words were pseudo-randomly allocated to novel referents, so different 

novel words represented different novel referents across participants. Familiar stimuli were 

divided into two sets of eight to obtain a degree of control, but these were also 

counterbalanced across conditions.  

5-minute delay 

Immediately after referent selection, children engaged in an unrelated task for five 

minutes (e.g. colouring or building with blocks). None of the familiar or unfamiliar 

experimental stimuli were visible during this stage.  

Retention trials 

Following the five-minute delay, children completed one warm-up trial to re-engage 

their attention (exactly as described above). Eight retention trials immediately followed; three 

novel objects that were named during the referent selection trials were presented on screen in 

a row (left, centre, right) and children were asked to identify one (see Figure 2 for an 

illustration of each trial type). Children's memory for each word-referent pairing taught 

during referent selection was tested on two retention trials. These trials enabled us to assess 

whether children’s retention of newly mapped word-referent associations differed between 

high-interest (animals) and neutral-interest (objects) stimuli.  Trial order was pseudo-

randomised, ensuring that the same set of objects was never presented on more than two trials 

sequentially. Positioning of objects on the screen (left, middle, right) was pseudo-randomised 

across trials with the constraint that the target object did not appear in the same location more 

than twice consecutively. Each picture was a target on two trials and a foil on four trials. 

24-hour retention trials 

After a 24-hour delay, children completed a second block of eight retention trials. Due 

to practical constraints, not all children experienced exactly a 24-hour delay (M delay = 23.8 

hours, range: 20.5 – 25.6 hours). These retention trials were preceded by three warm-up trials 

(as described above) to remind children of the task requirements and how to respond. The 24-
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hour retention trials were identical to the 5-minute retention trials with the exception that the 

stimuli were presented in different orders and combinations. 

Results  

Accuracy and response time data were analysed via mixed-effects models using the 

glmer and lmer functions from the lme4 package in R (Bates et al., 2015). Population was 

contrast coded as -0.5 (neurotypical) and 0.5 (autistic). Condition was coded as -0.5 (novel 

object) and 0.5 (novel animal). Trial type was coded as -0.5 (familiar) and 0.5 (novel). By-

word referent selection accuracy was coded as -0.5 (incorrect) and 0.5 (correct) when 

included as a fixed effect in retention accuracy analyses. Total accuracy at referent selection 

for novel trials was coded as 0-4. Number of repetitions of the target word heard at referent 

selection was coded as 1-7 (autistic M = 2.32, SD = 1.03; neurotypical M = 1.84, SD = 0.89). 

Total accuracy at 5-minute retention was coded as 0-8. Trial-level accuracy as a dependent 

measure was coded as 1 (correct) or 0 (incorrect) for all analyses. 

The likelihood of children responding correctly by chance on each trial was 33%. All 

models were built up sequentially, adding fixed effects individually and comparing each 

model with the previous best-fitting model using log-likelihood tests. Each analysis started 

with a baseline model containing by-participant and by-word random intercepts, with a 

random slope of condition x trial type per participant (referent selection phases), or condition 

per participant (retention phases).  If some models in a sequence were singular fitting or 

failed to converge, random effects were simplified until all models in the sequence 

successfully converged. Only final models are reported; please refer to Supplementary 

Materials for full details of model building sequences and analyses of individual differences. 

Referent selection accuracy 

Referent selection accuracy was analysed via generalised linear mixed-effects models 

testing the effects of population, condition, and trial type. Five trials were excluded from 

autistic participants who simultaneously responded to different locations with their head and 

hands. This analysis contained 491 data points. Descriptive statistics for referent selection 

accuracy are presented in Figure 3. 
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(insert Figure 3 here) 

 The best fitting model included a fixed effect of trial type (z = -5.19, p <.001; see 

Table 2) indicating that autistic and neurotypical children responded with significantly 

greater accuracy on familiar trials than novel trials. However, it is noteworthy that both 

groups responded well above chance on novel trials with object and animal targets 

(neurotypical children, animal condition M = 0.86, neurotypical children, object condition M 

= 0.88; autistic children, animal condition M = 0.81, autistic children, object condition M = 

0.73), demonstrating their effective use of mutual exclusivity. 

Referent selection response times 

Children's response times for correctly answered referent selection trials were 

analysed using linear mixed-effects models, testing the effects of population, condition, and 

trial type. We calculated the average correct response time for each population in each trial 

type and condition, and removed outliers that were ≥ 3SD above the mean for the sub-group 

(e.g. autistic children in the animal condition responding to novel trials). We also removed 

three trials from autistic children who did not use their hand to respond (e.g. they responded 

hand-over-hand, or using their head). The models in these analyses included 185 of 193 

(96%) correct responses from autistic children, and 233 of 235 (99%) correct responses from 

neurotypical children. With outliers excluded, mean correct response times for each 

population are reported in Figure 4. 

(insert Figure 4 here) 

The best fitting model included significant fixed effects of trial type (t = 4.40, p 

<.001), population (t = 2.19, p = .037) and a population x condition interaction (t = 2.65, p = 

.008; see Table 2). Children in both populations were slower to generate correct responses for 

novel trials than familiar trials. Autistic children took significantly longer than neurotypical 

children to respond correctly across both conditions, but the difference between groups was 

greater in the animal condition than in the object condition. 

(insert Table 2 here) 

5-minute retention accuracy 
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Children’s retention accuracy after 5 minutes was analysed via generalised linear 

mixed-effects models testing the effects of population, condition, referent selection accuracy, 

novel referent selection trial accuracy, and number of repetitions of the target word heard at 

referent selection. We excluded nine trials for autistic participants and three trials for 

neurotypical participants due technical issues (8) and ambiguous responses (4). The models 

in these analyses contained 484 data points. The descriptive statistics are reported in Figure 3.  

The final model included a significant population x condition interaction (z = 2.94, p 

= .003; see Table 3). Autistic children responded significantly more accurately than 

neurotypical children in the animal condition (z = 2.50, p = .013), but not the object condition 

(z = -1.24, p = .22). Autistic children responded with significantly greater accuracy in the 

animal condition compared to the object condition (z = 2.08, p = .038), but neurotypical 

children did not significantly differ in their response accuracy between conditions (z = -1.69, 

p = .09). 

(insert Table 3 here) 

5-minute retention response times 

Children's response times for correctly answered 5-minute retention trials were 

analysed using linear mixed-effects models. Outliers were identified and removed in the same 

way as described for referent selection trials. The models in these analyses included 102 of 

106 (96%) correct responses from autistic children and 99 of 100 (99%) correct responses 

from neurotypical children. With outliers excluded, mean correct response times for each 

population are reported in Figure 4.  

The inclusion of fixed effects (population and condition) did not improve model fit. 

24-hour retention accuracy 

Children’s retention accuracy after 24 hours was analysed via generalised linear 

mixed-effects models testing the effects of population, condition, referent selection accuracy, 

accuracy on novel referent selection trials, number of repetitions of the target word heard at 

referent selection, and total 5-minute retention accuracy (all coded as described previously). 

Two autistic children in the animal condition and one neurotypical child in the object 
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condition did not complete the 24-hour retention trials due to absence. We excluded eight 

trials for autistic participants due to non-completion (1), ambiguous responses (4), and 

technical issues (3). The models in these analyses contained 464 data points. Descriptive 

statistics for 24-hour retention accuracy are presented in Figure 3.  

The best fitting model contained fixed effects of population (z = 1.92, p = .055), total 

accuracy at 5-minute retention (z = 4.43, p <.001), referent selection accuracy (z = 2.83, p = 

.005), and number of repetitions of the target word heard at referent selection (z = 3.18, p = 

.001; see Table 4). These results show that (1) autistic children responded more accurately 

than neurotypical children (marginally significant), (2) children with higher 5-minute 

retention accuracy were significantly more likely to respond correctly on 24-hour retention 

trials, (3) children who heard more repetitions of the target word at referent selection were 

significantly more likely to respond correctly, and (4) children with higher referent selection 

accuracy for individual novel words were more likely to respond correctly. Note that the 

condition effect at 5-minute retention was not detected after 24 hours. 

24-hour retention reaction times 

Children's response times for correctly-answered 24-hour retention trials were 

analysed using linear mixed-effects models. Outliers were identified and removed in the same 

way as for previous analyses. These analyses included 121 of 128 (95%) correct responses 

from autistic children, and 107 of 109 (98%) correct responses from neurotypical children. 

With outliers excluded, mean correct response times for each population are reported in 

Figure 4.  

The best fitting model included a significant population x condition interaction (t = 

2.82, p = .005; see Table 4). Autistic children took longer than neurotypical children to 

respond correctly in the animal condition, but not in the object condition.  

(insert Table 4 here) 

Discussion 

This study examined whether autistic and neurotypical children differ in their ability 

to disambiguate and retain novel words associated with high-interest and neutral-interest 
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stimulus categories. Importantly, we examined children’s accuracy and response speed across 

three distinct stages of word learning: referent selection, 5-minute retention, and 24-hour 

retention after a period of sleep.  In comparison to neurotypical controls matched on receptive 

vocabulary, autistic children did not significantly differ in accuracy when spontaneously 

disambiguating the meanings of novel words using ME across conditions. After 5 minutes, 

autistic children retained significantly more novel word-referent mappings for animal stimuli 

compared to object stimuli, whereas neurotypical children retained novel words for both 

animals and objects with comparable accuracy. Autistic children also retained more novel 

animal names after a 5-minute delay than neurotypical children. Surprisingly, after a 24-hour 

delay, autistic children retained novel word-referent mappings with greater accuracy than 

neurotypical children (marginally significant difference). However, autistic children 

demonstrated slower response times than neurotypical children at each word learning stage 

(with significant differences detected at referent selection and 24-hour retention). 

As predicted, our participants’ referent selection across conditions demonstrates that 

both autistic and neurotypical children can employ ME to accurately identify the meanings of 

novel words, regardless of whether intended referents correspond with categories of interest. 

These findings, alongside existing evidence, show that autistic children can perform ME-

based referent selection with similar accuracy to neurotypical children when expectations are 

based on receptive vocabulary (e.g. Carter & Hartley, 2021; Preissler & Carey, 2005). Using 

ME to actively disambiguate word meanings may represent a critical strategy through which 

both neurotypical and autistic children establish correct word-referent associations for 

neutral- and high-interest stimuli, increasing the quality of their audio-visual input and 

potentially contributing to long-term vocabulary development (Hartley et al., 2019). 

Unsurprisingly, children in both populations responded more accurately on familiar trials 

than novel trials as they had pre-existing representations of referents for requested words.  

Also in support of our predictions, effects of stimulus condition were observed at 5-

minute retention. Here, autistic children achieved significantly greater accuracy in the animal 

condition – where they surprisingly exceeded neurotypical children – than in the object 
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condition. As autistic children tend to process high-interest stimuli with greater focus and 

intensity (Sasson et al., 2011), it may be that their interest in animals facilitated encoding of 

more robust word-referent representations that were less vulnerable to decay after five 

minutes. Indeed, previous studies have demonstrated positive relationships between 

children’s attentional focus during word-referent mapping and subsequent retention accuracy 

(Bion et al., 2013; Hilton et al., 2017, 2019). It is also well-documented that many autistic 

individuals are adept at memorising information associated with topics and events of 

heightened interest (Bölte & Poustka, 2008; Happé, 1999). By contrast, neurotypical 

children’s 5-minute retention accuracy did not significantly differ between conditions. These 

findings show that autistic children experience short-term retention benefits for words 

associated with high-interest stimuli. 

In contrast to 5-minute retention, after 24 hours we observed that autistic children 

retained novel words for both objects and animals with greater accuracy than neurotypical 

children, and the condition effect on autistic children’s retention accuracy disappeared. For 

autistic children, overnight improvement in the object condition compared to the animal 

condition may be attributed to sleep having more beneficial consolidation effects on weaker 

memory representations (Drosopoulos et al., 2007; Williams & Horst, 2014). Sleep plays a 

critical role in protecting newly acquired declarative memories against decay, and many 

studies have demonstrated that neurotypical children retain words more accurately after sleep 

(e.g. Axelsson et al., 2018; Williams & Horst, 2014). Active system consolidation theory 

(Diekelmann & Born, 2010) posits that sleep enhances novel word retention through the 

reactivation of recently encoded word-referent representations. New word-referent 

representations are initially fragile, but reactivation during sleep facilitates their integration 

into memory networks enabling longer-term retention (Gais & Born, 2004). While limited 

evidence suggests that novel word retention in intellectually-able autistic children with age-

expected language abilities may benefit from overnight sleep (e.g. Fletcher et al., 2020; 

Henderson et al., 2014), this study is the first to show a similar effect in autistic children with 

delayed language development.  
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One explanation for the observed between-population difference in 24-hour retention 

accuracy concerns chronological age. Children experience shorter sleep cycles than adults until 

6 years (Hill et al., 2007; Montgomery-Downs et al., 2006), but longer sleep cycles are more 

beneficial for novel word consolidation (Diekelmann & Born, 2010). Therefore, it is possible 

that our autistic participants benefited more from overnight sleep because their average age 

exceeded 6 years, while the average age of the neurotypical children was significantly younger 

at just over 4 years. However, it is important to note that autism is commonly characterised by 

sleep disorders (e.g. bedtime resistance, sleep anxiety, difficulties falling asleep, parasomnia) 

that have the potential to negatively impact on overnight lexical consolidation and long-term 

vocabulary development (Díaz-Román et al., 2018; Souders et al., 2009). As no previous 

studies have tested 24-hour retention in autistic children with delayed language development, 

further research is required to replicate this effect and draw comparisons against neurotypical 

children matched on chronological age (in addition to children matched on receptive 

vocabulary) to control for developmental differences in sleep cycles. We also recommend that 

future studies investigate whether individual differences in sleep quality, duration, and 

disturbances predict variability in overnight consolidation of novel words for autistic children 

with language impairments.    

At 24-hour retention, we found that both autistic and neurotypical children responded 

more accurately when they had heard more label repetitions during referent selection. This 

result highlights an important relationship between fast mapping and longer-term retention – 

quantity of auditory input received during referent selection influences the likelihood of 

successful memory consolidation. As proposed by the dynamic associative model (McMurray 

et al., 2012), successful identification of meaning may not necessarily support retention 

unless sufficient statistical input has been experienced.  Cross-situational word learning 

studies show how more frequent exposures to word-referent pairings can increase children's 

uptake from input and support encoding of word-referent representations that can be retrieved 

after delays (Hartley et al., 2020). Thus, for both autistic and neurotypical children, repeated 

exposures to novel word-referent associations may be critical to successful vocabulary 
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acquisition, emphasising the importance of repetition as a component of communication 

interventions.   

While response accuracy indicates whether children successfully identified and 

retained word-referent pairings, the time taken to generate correct responses provides insight 

into the speed of children’s information processing. At referent selection, children in both 

populations were quicker to respond correctly on familiar trials than novel trials. As children 

already knew the meanings of familiar words, correct responding simply required visual 

recognition of familiar referents. However, on hearing a novel word, children had to 

disambiguate the meaning of the word via mutual exclusivity. This required children to 

evaluate familiar competitors, ruling them out as targets, and shift their attention to the novel 

object (Halberda, 2003). Since this task is more cognitively demanding, it is unsurprising that 

children were slower to make their selections on novel trials (Bion et al., 2013).  

Critically, autistic children took significantly longer than younger neurotypical children 

to generate correct responses, particularly in the animal condition. This finding aligns with 

previous evidence (e.g. Hartley et al., 2020) and suggests that, although word learning 

mechanisms appear to be intact, autistic children may require longer to process audio-visual 

stimuli in the service of word learning. Delays in processing stimuli could be attributed to 

general learning difficulties or differences in visual attention disrupting children’s intake of 

information (Arunachalam & Luyster, 2018; Venker et al., 2018). On the other hand, autistic 

children’s particularly slow responses in the animal condition across test stages could be due 

to their heightened interest in the novel stimuli (i.e., they chose to spend longer studying items 

in the array before identifying referents). Longer response times at referent selection may have 

ultimately benefitted their subsequent retention accuracy by affording more time to encode 

each target’s perceptual features and providing the opportunity to hear more repetitions of the 

corresponding label. By extension, it is possible that neurotypical children’s retention accuracy 

would have increased if they had also taken longer to respond on referent selection trials. Thus, 

we recommend that future research investigates potential speed-accuracy trade-offs across 

word learning mechanisms in autism and neurotypical development. 
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Thinking practically, our findings have the potential to inform the development of 

interventions designed to scaffold autistic children’s word learning. While autistic children 

are often highly motivated to interact with touchscreen technology, evidence of effective 

learning via this platform has been mixed (Allen et al., 2016; Wainwright et al., 2020). Our 

study demonstrates that it is possible to teach children new words associated with different 

types of stimuli using a touchscreen computer when distractions are minimised. Additionally, 

we have shown that employing ME-based referent selection is an effective way to facilitate 

autistic children’s word learning. Presenting limited options helps children to utilise their 

existing vocabulary to engage in active learning, deciphering which novel referent is 

associated with a novel word. Furthermore, progression through trials was dependent on the 

speed of children’s responses, enabling them to engage with stimuli at their own pace. In 

natural environments, speech occurs at a rate of approximately 150 words-per-minute 

(Studdert-Kennedy, 1986), significantly faster than in most experimental contexts. The 

increased rate of stimuli presentation and greater attentional demands in natural 

communicative situations could create a processing bottleneck for autistic children, reducing 

the quality of their visual-auditory input and strength of associations between words and 

referents (Hartley et al., 2020; McMurray et al., 2012). As such, applying unrestricted 

processing times in clinical and educational interventions, as well as natural learning 

environments where possible, may facilitate autistic children’s vocabulary acquisition.  

This study is not without limitations. Firstly, we must reflect on the implications of 

matching autistic and neurotypical children on receptive vocabulary, but not chronological 

age (the autistic sample was significantly older than the neurotypical sample). We selected 

these matching criteria because the study’s purpose was to compare word learning abilities 

across populations when delays in language development were controlled for. Previous 

studies comparing various aspects of language development in autism against chronological 

age norms for neurotypical children have consistently found deficits (e.g. Charman et al., 

2003; Luyster et al., 2007). However, these differences could be due to various factors, 

including neurotypical children’s generally superior vocabulary learning abilities and 
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differences in nonverbal intelligence. As such, matching on receptive vocabulary allows us to 

identify whether autistic children fundamentally differ in how they learn words relative to 

neurotypical children with similar vocabularies. Secondly, we acknowledge that our findings 

are derived from a single study with modest sample sizes. Unfortunately, our recruitment of 

participants was hindered by school closures and lockdown restrictions associated with the 

COVID-19 pandemic which occurred whilst the study was underway. Thus, we recommend 

that future studies seek to replicate our findings with larger samples.  

In summary, this study has advanced understanding of how autistic and neurotypical 

children identify and retain novel word meanings, and how these processes are influenced by 

interests in stimulus categories. Despite our autistic participants’ delayed language 

development, they responded at least as accurately as vocabulary-matched neurotypical 

children on measures of referent selection, 5-minute retention, and 24-hour retention. 

Differences between neutral- and high-interest stimuli were only observed at 5-minute 

retention, where autistic children recalled animal names significantly more accurately than 

object names. This condition advantage disappeared after 24 hours, suggesting that superior 

learning of words associated with high-interest stimuli was relatively short-term. Thus, under 

favourable experimental conditions, differences in attention to stimuli that are perceived to be 

more or less interesting may not be detrimental to autistic children’s word learning. Although 

these results demonstrate that fundamental word learning mechanisms are not atypical in 

autism, autistic children were slower than neurotypical children to generate correct responses, 

particularly in the animal condition. As children responded at their own pace and processing 

times were unrestricted, spending longer studying stimuli may have benefited autistic 

children’s accuracy (i.e., a speed-accuracy trade-off). However, restricted processing times 

and the rapid pace of input during naturalistic communicative interactions could place strain 

on autistic children’s word learning mechanisms and impact on their accuracy.  Our findings 

also indicate environmental conditions to scaffold word learning in clinical and educational 

contexts. 
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Figure Captions 

Figure 1. Sets of unfamiliar objects and animals used in the word learning task 

Figure 2. Examples of trial types in the word learning task 

Figure 3. Mean referent selection, 5-minute retention, and 24-hour retention trial accuracy for 

neurotypical and autistic children, error bars show ± 1 SE 

Figure 4. Mean response times on correctly answered referent selection, 5-minute retention, 

and 24-hour retention trials for neurotypical and autistic children, error bars show ± 1 SE 
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Figure 1 top 
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Figure 2 top 
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Figure 3 top 
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Figure 4 top 
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Table 1 

Characteristics of Autistic and Neurotypical Participants (SD and Ranges in Parentheses) 

Group N Gender 

Chron. 
Age  
(M 

months) 

BPVS age 
equiv. 

(M 
months) 

Express. 
Lang. age 

equiv. 
(M 

months) 

CARS 
raw 

score 
(M) 

Leiter-3 
raw 

score 
(M) 

CTRS 
raw 

score 
(M) 

RBQ 
raw 

score 
(M) 

Animal 
Interest 
score 
(M) 

NTa 16 
6 males, 

10 
females 

52.31 
(18.88; 
27-94) 

60.31 
(27.44; 
36-118) 

60.31 
(22.76; 
35-104) 

16.78 
(2.56; 
15-24) 

57.25 
(17.93; 
40-95) 

12.25 
(6.03; 
2-26) 

27.00 
(5.80; 
20-35) 

23.31 
(2.80; 
19-29) 

ASDa 15 13 males,  
2 females 

91.87 
(21.30; 
67-136) 

53.27 
(22.48; 
24-97) 

48.47 
(27.70; 
5-82) 

34.70 
(10.23; 
20-52) 

60.33 
(15.57; 
38-83) 

17.27 
(11.04; 
5-36) 

43.87 
(8.37; 
30-59) 

23.93 
(5.55; 
17-34) 

 
Group 

comparison 
t-test (p) 

 

  
 
 
 

 
 

<.001 

 
 

.44 

 
 

.20 

 
 

<.001 

 
 

.64 

 
 

.12 

 
 

<.001 

 
 

.69 

 

aNote. NT: neurotypical; ASD: autism spectrum disorder; BPVS: British Picture Vocabulary 

Scale, CARS: Childhood Autism Rating Scale, CTRS: Conner’s Teacher Rating Scale, RBQ: 

Repetitive Behaviour Questionnaire.  
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Table 2 

Summaries of the fixed effects in the final generalised and linear mixed-effects models (log 

odds) of children's accuracy on referent selection trials, and response times on correctly-

answered referent selection trials 

 Fixed effects Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

Accuracy (Intercept) 3.42 0.48 7.13 <.001 
 Trial Type -2.59 0.50 -5.19 <.001 
  AIC BIC logLik deviance 
  326.1 380.7 -150.1 300.1 
 Fixed effects Estimated 

coefficient 
Std. 

error t Pr(> |t|) 

Response Times (Intercept) 3.41 0.33 10.35 <.001 
 Population     1.44 0.66 2.19 .037 
 Condition 0.07 0.19 0.38 .70 
 Trial Type 0.85 0.19 4.40 <.001 
 Population x 

Condition 
1.03 0.39 2.65 .008 

  AIC BIC logLik deviance 
        1836.1 1864.4 -911.1 1822.1 
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Table 3 

Summaries of the fixed effects in the final generalised linear mixed-effects models (log odds) 

of children's accuracy on 5-minute retention trials 

Fixed effects Estimated 
coefficient  

Std. 
error z Pr(> |z|) 

(Intercept) -0.32 0.15 -2.17 .03 
Population     0.28 0.25 1.13 .26 
Condition 0.12 0.21 0.59 .56 
Population x Condition 1.24 0.42 2.94 .003 

 AIC BIC logLik deviance 
 656.7 690.2 -320.4 640.7 
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Table 4 

Summaries of the fixed effects in the final generalised linear mixed-effects models (log odds) 

of children's accuracy on 24-hour retention trials 

 Fixed effects Estimated 
coefficient  

Std. 
error z Pr(> |z|) 

Accuracy (Intercept) -2.14 0.44 -4.89 <.001 
 Population     0.49 0.26 1.92 .055 
 Total Accuracy at 5-minute Retention    0.35 0.08 4.43 <.001 
 Referent Selection Accuracy              0.79 0.28 2.83 .005 
 Number of Labels at Referent 

Selection 
0.41 0.13 3.18 .001 

  AIC BIC logLik deviance 
  604.8 642.0 -293.4 586.8 

 
Fixed effects 

Estimated 
coefficient 

Std. 
error t Pr(> |t|) 

Response (Intercept) 4.01 0.50 7.98 <.001 
Times Population 1.89 1.00 1.88 .072 
 Condition 0.26 0.32 0.82 .41 
 Population x Condition 1.81 0.64 2.82 .005 

  AIC BIC logLik deviance 
  1106.1 1126.7 -547.1 1094.1 

 

 

 

 

 


