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Introduction 

Successful word learning requires children to pay attention to corresponding auditory 

and visual input during naming events (Pereira et al., 2014; Zosh et al., 2013). However, 

autism is characterized by Restricted and Repetitive Patterns of Behaviour, Interests, or 

Activities (RRBIs) which can impact attentional mechanisms and cause perseverative fixation 

on specific stimuli (American Psychiatric Association, 2022). RRBIs may prevent autistic 

children from paying attention to the right audio-visual stimuli at the right times, reducing 

their likelihood of successfully disambiguating and retaining novel word meanings (Venker 

et al., 2018, 2022). Yet, when acquiring vocabulary associated with stimuli that align with 

their interests, autistic children’s heightened attentional focus may facilitate their word 

learning (Akechi et al., 2013; Parish-Morris et al., 2007; Rothwell et al., 2024). Existing 

evidence indicates that word learning is influenced by visual attention (Akechi et al., 2011; 

Axelsson et al., 2012; Bion et al., 2013; Hilton et al., 2019; Hollich et al., 2000; Venker et al., 

2022; Yu & Smith, 2011), but research has yet to determine how neurotypical and autistic 

children’s attention to semantic categories of differing interest levels affects novel word 

identification and retention. Here, we examine how autistic and neurotypical children’s visual 

attention differs during naming events associated with stimuli that do, and do not, correspond 

with pre-existing interests, and how these differences influence their referent selection and 

retention accuracy. 

 Word learning is a crucial developmental milestone that underpins children's language 

acquisition (Patael & Diesendruck, 2008). To learn a new word, children must disambiguate 

its intended meaning (referent selection) and store a word-referent representation in memory 

for later retrieval (retention; Gleitman, 1990). In natural learning environments, each novel 

word can have many potential referents (Quine, 1960). Children must therefore overcome the 

challenge of ‘referential ambiguity’ by narrowing their attention to a single target and its 

corresponding label (Markman & Wachtel, 1988). The process of referent selection has been 

demonstrated very early on in neurotypical development, with research suggesting that 
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children as young as six months can utilise statistical learning mechanisms to correctly 

identify and encode novel word-referent mappings (Bergelson & Swingley, 2012). By 24 

months, accurate referent selection is facilitated by children applying heuristics that help 

them to rapidly decipher word-referent mappings in the context of naming events (‘fast 

mapping’; Carey & Bartlett, 1978). Such heuristics include the mutual exclusivity principle 

(the assumption that each referent has only one label; Monaghan & Mattock, 2012), the novel 

name name-less category principle (the assumption that a novel label refers to novel stimuli, 

rather than familiar stimuli; Mervis & Bertrand, 1994), and attentional preferences for 

unfamiliar stimuli (Mather & Plunkett, 2012). Following this, retention involves integration 

of novel words into the lexicon, which is constrained by external inputs and cues during 

learning events (Kucker et al., 2020). 

Crucially, neurotypical children’s word learning is intrinsically related to visual 

attention. Statistical learning is initially underpinned by broadly distributed shifts of attention 

between distractor and target objects, with Friedrich and Friederici (2011) suggesting that 

infants can exclude non-target competitors and map correct word-referent associations from 6 

months. Yu and Smith (2011) showed that as neurotypical infants begin to learn correct 

word-referent associations in the first year of life, looking patterns become more focused and 

systematic. Neurotypical children’s visual attention can also be influenced by specific 

properties of stimuli. Hollich et al. (2000) demonstrated that 12-month-olds failed a referent 

selection task when relatively dull objects were labelled but succeeded when perceptually 

salient stimuli were labelled (see Taxitari et al., 2020 for similar results). Additionally, 

studies examining attentional processes during word learning indicate how neurotypical 

children’s looking behaviour during referent selection affects subsequent retention (Hilton & 

Westermann, 2017). Bion et al. (2013) found that novel word retention accuracy increased 

when neurotypical 18–30-month-olds looked proportionally longer at a novel target after 

labelling. Likewise, Hilton et al. (2019) found that 20- and 26-month-olds who showed 

increased attention to novel objects during labelling achieved more accurate retention. 
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Axelsson et al. (2012) influenced neurotypical 2-year-olds’ attention towards targets during 

referent selection by increasing their salience (e.g. via illumination) relative to competitors. 

This manipulation increased retention accuracy for word–object mappings after 5 minutes, 

demonstrating that heightened attentional focus on targets during labelling facilitates 

subsequent retention. Together, these findings indicate that increasing visual attention 

towards targets through a variety of means enhances neurotypical children’s referent 

selection and retention accuracy.  

Increasing evidence suggests that autistic and neurotypical children may not differ in 

terms of how they disambiguate and retain word meanings. While early studies suggested that 

autistic children struggle to interpret social pragmatic cues to inform word-referent mappings 

(Baron-Cohen et al., 1997; Preissler & Carey, 2005), more recent research shows that autistic 

children can utilise social and non-social word learning cues in a similar manner to 

neurotypically developing children (de Marchena et al., 2011; Luyster & Lord, 2009). A 

growing number of studies also demonstrate that autistic children can retain novel word 

meanings as accurately as neurotypical peers matched on receptive vocabulary (Carter & 

Hartley, 2021; Hartley et al., 2019, 2020; Rothwell et al., 2024). Yet, the factors that 

determine whether autistic children successfully disambiguate and retain labels following 

naming events are largely unknown. It is possible that differences in accuracy across children 

or trials may be attributable to their patterns of attention when receiving audio-visual input. 

During fast mapping, differences in visual attention displayed by autistic individuals 

may affect the accuracy and/or strength of newly encoded word meanings (e.g., Akechi et al., 

2011). Prior studies suggest that autistic children may allocate their attention to stimuli less 

flexibly when acquiring new vocabulary, resulting in the loss of important informants from 

the environment (Tenenbaum et al., 2017). Autistic children can also experience “sticky” 

attentional fixations, defined by a prolonged latency to engage or disengage focus (Sacrey et 

al., 2014). As such, autistic children’s attention may be captured by salient perceptual 

features to an atypical degree (Hartley & Allen, 2014). Venker et al. (2022) reported that 
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autistic children’s novel word referent selection was disrupted more than neurotypical 

children’s when stimuli in a referent selection task were of high perceptual salience. 

Similarly, previous looking time studies have demonstrated that autistic children are slower, 

or unable, to disengage their attention from irrelevant stimuli (Elsabbagh et al., 2013). These 

findings indicate that autistic children’s word learning may be impacted by attentional 

allocation; failure to attend to informative referential cues, or focusing on incorrect target 

referents during naming events, may result in spurious word-referent associations.  

It is important to note that studies investigating autistic children’s word learning via 

looking measures often interpret differences in fixation duration towards targets as evidence 

for differences in accuracy. However, differences in visual attention and differences in 

learning accuracy may not necessarily be congruent. Venker et al. (2021) investigated how 

visual allocation differs for autistic and neurotypical children when perceptual salience 

competes with linguistic information. They found that both groups of children recognised 

words, although competing perceptual salience significantly decreased autistic children’s 

attention to targets. Conversely, in Akechi et al. (2013), autistic children often attended to a 

speaker’s face and followed gaze as frequently as neurotypical children, but their referent 

selection accuracy was significantly lower. Therefore, to truly understand the influence of 

visual attention on autistic children’s vocabulary acquisition, it is necessary to investigate 

how looking behaviour and learning accuracy inter-relate, and how children’s looking during 

referent selection influences their retention. Here, we investigate the possibility that 

differences in visual attention during referent selection may reduce the quality or quantity of 

input feeding into mechanisms involved in encoding and retaining word-referent associations, 

resulting in the formation of fragile - or potentially inaccurate - memory representations that 

are vulnerable to rapid decay. 

One factor that may influence autistic children’s attention to stimuli, and subsequent 

retention of corresponding labels, is their semantic interests (Ackermann et al., 2020). To our 

knowledge, Rothwell et al. (2024) is the only study to investigate how autistic children’s pre-
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existing interests relating to particular semantic categories influences their ability to learn 

new vocabulary. Autistic children with delayed language development and neurotypical 

children matched on receptive vocabulary completed a pair of referent selection tasks in 

which the novel target stimuli were high-interest (unfamiliar animals) or neutral-interest 

(unfamiliar objects). Retention was tested after delays of 5 minutes and 24 hours. A touch 

screen computer measured accuracy and response times at each word learning stage. The 

results showed that autistic children took significantly longer to correctly identify stimuli, 

particularly in the animal condition. However, autistic children demonstrated superior 5-

minute retention accuracy of novel animal names compared to novel objects and, 

surprisingly, outperformed neurotypical children across conditions at 24-hour retention. 

These findings suggest that the autistic children displayed a speed-accuracy trade off: looking 

longer or more frequently at stimuli during referent selection may have facilitated their 

encoding of stronger word-referent associations, potentially reflecting an important 

relationship between low level visual attention and longer-term word learning accuracy.  

For the first time, the present study investigated how autistic and neurotypical 

children’s attention differs when learning words associated with stimuli of contrasting 

interest levels (animals vs. objects) and elucidates predictive relationships between visual 

attention and word learning accuracy. Two measures of visual attention were collected 

concurrently to the touch screen accuracy and response time data reported in Rothwell et al. 

(2024), from the same autistic and neurotypical participants. The visual attention measures 

presented in the present paper are proportion of time spent looking towards the target and 

number of looks towards the target. At referent selection, we expected autistic children to 

look longer towards unfamiliar objects regardless of whether they were intended targets – 

particularly in the animal condition – due to difficulties disengaging attention from salient 

stimuli (Sacrey et al., 2014). We also anticipated that autistic children might make more 

frequent looks to target stimuli due to greater curiosity and/or longer processing times 

required to generate correct responses (Venker et al., 2018). We expected that increased 
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visual attention to targets would predict referent selection and retention accuracy across 

conditions, groups, and task stages, and that increased visual attention at referent selection 

would be associated with superior retention accuracy (Hilton et al., 2019). However, we were 

mindful of the possibility that between-population differences in visual attention may not 

necessarily translate to significant differences in word learning (Venker et al., 2021). 

Comparing autistic and neurotypical children’s in-trial visual attention to stimuli, and how 

differences in visual attention influence referent selection and retention accuracy, is necessary 

to advance theoretical understanding of the mechanisms underpinning autistic children’s 

vocabulary acquisition. Our results will have important implications for research 

methodology (by highlighting the extent to which looking truly reflects learning) and 

potentially signpost favourable conditions for interventions targeting receptive vocabulary 

development.  

Method 

The participants and methodology in the present study were the same as those 

reported in Rothwell et al. (2024).  

Participants 

Thirty-one children participated; 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 (see Table 1). Autistic children were significantly older, 

t(29) = -5.48, p <.001, d = 1.97, than neurotypical children. All children had normal or 

corrected-to-normal colour vision and were monolingual native English speakers. All autistic 

participants 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., 2002) and expert judgement.  
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Five participants were excluded from the study: one autistic participant who did not 

like animals, two neurotypical participants who could not complete the touch screen task, and 

two participants 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.  

Standardised assessments 

Childhood Autism Rating Scale Second Edition (CARS-2). Autism diagnoses were 

confirmed via the CARS-2 standard version, which was completed by children’s classroom 

teachers, or the caregivers of eight neurotypical children who were tested in our Lab due to 

COVID-19 restrictions (Schopler et al., 2010). Higher raw scores on the CARS-2 indicate 

higher autistic traits. The CARS-2 has high internal consistency (α = .93). Autistic children 

had significantly higher raw CARS-2 scores than the neurotypical children (autistic M = 

34.70, SD = 10.23; neurotypical M = 16.78, SD = 2.56), t(29) = -6.79, p <.001, d = 2.40.  

British Picture Vocabulary Scale Second Edition (BPVS-2). Children’s receptive 

vocabulary was measured by the BPVS-2 (Dunn et al., 1997). Higher scores on the BPVS-2 

indicate older age equivalents and therefore more advanced receptive vocabulary. The BPVS-

2 has high internal consistency (α = .93, split-half r = .86). Receptive vocabulary was used as 

our group matching criterion as it reflects children’s ability to learn word-referent 

relationships (Bion et al., 2013). Raw scores were converted to receptive language age 

equivalents, which did not significantly differ between groups (autistic M age equivalent = 

53.27 months, SD = 22.48; neurotypical M age equivalent = 60.31, SD = 27.44), t(29) = 0.78, 

p = .44.  

Expressive Vocabulary Test Second Edition (EVT-2) & Mullen’s Scales of Early 

Learning (MSEL). Children’s expressive vocabulary was measured using form B of the EVT-
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2 (Williams, 2007), or the expressive language module of the MSEL (Mullen, 1995) for 

children who scored below the baseline on the EVT-2. Higher scores on the MSEL and EVT-

2 indicate older age equivalents and therefore more advanced expressive vocabulary. The 

internal consistency of the EVT-2 is excellent (α = .96, M split-half r = .93). The split-half 

internal consistency median for the MSEL expressive language scale is also high (r = .82). 

Raw scores were converted to expressive language age equivalents, which did not 

significantly differ between groups (autistic M age equivalent = 48.47 months, SD = 27.70; 

neurotypical M age equivalent = 60.31 months, SD = 22.76), t(29) = 1.30, p = .20. 

Leiter-3. Children’s non-verbal intellectual abilities were measured using the Leiter-3 

(Roid et al., 2013). Three autistic children did not complete the Leiter-3 due to school 

closures during the COVID-19 pandemic (autistic N = 12, neurotypical N = 16). Higher 

scores on the Leiter-3 demonstrate greater progress through the tasks, indicating increased 

intellectual abilities irrespective of age. The brief IQ version was used, which consists of four 

subscales, with good internal consistency: Figure Ground (α = .86), Form Completion (α = 

.86), Sequential Order (α = .95), Classification and Analogies (α = .79). Raw non-verbal IQ 

scores were transformed into validated scaled age-norms, and the neurotypical group’s 

average age-norm was significantly higher than the autistic group’s (autistic M = 77.67, SD = 

11.73; neurotypical M = 101.38, SD = 7.84), 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. Raw scores on the Leiter-3 did not significantly differ between groups, suggesting that 

when age was not considered, their non-verbal cognitive abilities were similar at the time of 

testing (autistic M = 60.33, SD = 15.57; neurotypical M = 57.25, SD = 17.93), t(26) = -0.48, 

p = .64,  

Conner’s Teacher Rating Scale-15 (CTRS-15). To assess attentional behaviours, the 

CTRS-15 was completed by children’s classroom teachers, or the caregivers of eight 

neurotypical children who were tested in our Lab due to COVID-19 restrictions (Pupura & 

Lonigan, 2009). Higher scores on the CTRS-15 indicate more extensive attentional 
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difficulties. The CTRS-15 subscales significantly correlate with the previous CTRS scale 

which contains a larger set of items (CTRS-44; Gerhardstein et al., 2003), demonstrating 

psychometric similarity: Inattention (r = .92), Hyperactivity/Impulsivity (r = .94), Opposition 

(r = .96). Raw CTRS-15 scores did not significantly differ between groups (autistic M = 

17.27, SD = 11.04; neurotypical M = 12.25, SD = 6.03), t(29) = -1.58, p = .12.  

Repetitive Behaviour Questionnaire 2 (RBQ-2). Caregivers completed the RBQ-2 to 

assess the extent of children’s restrictive and repetitive behaviours (Leekam et al., 2007). 

Higher scores on the RBQ-2 indicate increased restrictive and repetitive behaviours. This 

questionnaire has high internal consistency (α = .85). Autistic children’s raw scores were 

significantly higher than neurotypical children’s raw scores (autistic M = 43.87, SD = 8.37; 

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

Animal interests questionnaire. To ensure that we recruited participants who liked 

animals (our high-interest stimuli), caregivers completed a questionnaire designed for this 

study assessing their children’s animal interests (see Supplementary Materials). Higher scores 

on this measure indicate a greater interest in animals. The groups’ raw scores did not 

significantly differ on this measure (autistic M = 23.93, SD = 5.55; neurotypical M = 23.31, 

SD = 2.80), t(29) = -0.40, p = .69.  

(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 novel words (manu, tanzer, 

boskot, virdex, toma, fiffin, chatten, modi). Visual stimuli were high-resolution colour 

photographs of 22 familiar objects, 4 unfamiliar objects, and 4 unfamiliar animals. Six 

familiar objects were presented during warm-up trials, and 16 familiar objects were displayed 

during referent selection trials across conditions. Novel words and novel object stimuli were 

selected from the NOUN database (Horst & Hout, 2016) and other academic sources. The 

names of the familiar objects were typically comprehensible by 16 months (Fenson et 



10 
 

al., 1994) and were divided into two sets matched on mean comprehension age (13.5 

months). Familiar objects in each set spanned a variety of non-animal semantic categories 

(e.g. vehicles, furniture) and sets were matched on frequency of semantic categories. Familiar 

objects within each set were divided into phonologically and visually distinct 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. Whilst detailed 

information about the study and methodology are reported here, for further information 

please see Rothwell et al. (2024). 

Three cameras attached to the left, right, and centre of the computer recorded 

participants’ visual attention and behaviour during the study. Recording was controlled by 

‘Open Broadcaster Software’ version 23.2.1, which allowed recording from all three cameras 

simultaneously. The cameras positioned to the left and right of the computer were 15-

megapixel Logitech C920 HD Pro Webcams and recorded at a rate of 30 frames-per-second. 

The centre camera was built into the iMac computer (1.2 megapixels), also recording at 30 

frames-per-second. The red recording lights were obscured from participants using black tape 

to avoid distraction.  

Procedure 

The study took place in participants’ own school, nursery, or blinded for review. The 

researcher administered the Leiter-3, BPVS-2, and EVT-2 or MSEL to participants over 

multiple sessions on different days. For analyses examining whether autistic and neurotypical 

children differed in their visual attention during referent selection and retention, the predictor 

variables were trial type (referent selection only, familiar/novel - within-subjects factor), 

condition (novel animals/novel objects - within-subjects factor) and population 

(neurotypical/autistic – between-subjects factor), and the outcome variables were looking 

time (proportion of looking) and looking frequency (number of looks). For analyses 

examining the relationship between visual attention and word learning accuracy, the predictor 

variables were looking time (proportion of looking), looking frequency (number of looks), 
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condition (novel animals/novel objects - within-subjects factor) and population 

(neurotypical/autistic – between-subjects factor), and the outcome variables were referent 

selection and retention accuracy (correct/incorrect). The conditions were administered on 

different days and presentation order was counterbalanced. The word learning task was 

delivered via a customised touch screen computer and consisted of six stages: 1. Warm-up 

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

6. Retention trials (see Figure 1).  

(insert Figure 1 here) 

Warm up trials 

At the beginning of the study, children completed three warm-up trials, where they 

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

the touch screen (order and location counterbalanced). Two seconds after the images 

appeared on the screen, 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, and the 

same instructions repeated up to six times until children provided a response. Responses were 

accepted only after the first label utterance, preventing children from selecting an image 

without hearing the requested label. If children responded incorrectly, the correct referent was 

highlighted by a green border and children could retry up to five times.  

After the warm-up trials, children were video recorded to measure their visual 

attention. To assist with coding, LEDs on the three video cameras flashed to signify the start 

of the experiment, transitions between trials, and when participants touched the screen. 

However, the LEDs were invisible to participants as they were covered with black tape.  

Referent selection trials 

Eight referent selection trials directly followed the warm-up trials, which were in the 

same format except children did not receive feedback following their responses. In each 

condition, children viewed four sets of pictures (each containing one unfamiliar image and 

two familiar images) and learnt four novel words via fast mapping (Horst & Samuelson, 
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2008). Familiar stimuli were always objects, and novel stimuli were either animals (high-

interest condition) or objects (neutral-interest condition). Each stimuli set was presented 

twice; on one trial the novel picture was requested, and on another trial a familiar picture was 

requested. Trial order was pseudo-randomised so that the same trial type (familiar name or 

novel name) was not presented on more than two trials sequentially. Stimuli positioning was 

pseudo-randomised across trials, ensuring that any target did not appear in the same location 

more than twice consecutively (left, middle, right).  

5-minute delay 

After completing the eight referent selection trials, children participated in a task 

unrelated to the experiment for five minutes to distract them from the stimuli (e.g. drawing, 

building with blocks). 

Retention trials 

After the five-minute delay, children completed one warm-up trial (as described 

above) to remind them of the task requirements. Eight retention trials followed (see Figure 1), 

with each of the four novel words serving as a target on two trials and a foil on four trials.  

24-hour retention trials 

After a 24-hour delay, children completed three warm-up trials to remind them how to 

complete the task. These were followed by another block of eight retention trials, which were 

presented in the same manner as the 5-minute retention trials, except stimuli were presented 

in different orders and combinations.  

Coding and data cleaning 

Videos were coded using the software Blender 2.78, with a customised version of the 

python script ultra-coder added on (see https://github.com/dmbasso/misc-blender-

tools/blob/master/ultra_coder.py for original). Coders were blind to the location of target 

stimuli on each trial. Children’s visual fixations were coded frame-by-frame with a precision 

of 16.67 ms, and looks were coded as left, right, centre, away, or not visible. The LEDs that 

flashed to signify the beginning of the experiment and transitions between trials, as well as 

https://github.com/dmbasso/misc-blender-tools/blob/master/ultra_coder.py
https://github.com/dmbasso/misc-blender-tools/blob/master/ultra_coder.py
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participant touches, were vital for coding. One-hundred-and-eighty-three videos were 

recorded, divided across referent selection, 5-minute retention, and 24-hour retention. Of 

these videos, 25% were reviewed by two independent coders. Inter-observer agreement was 

calculated per frame, yielding 98.08% for referent selection, 97.60% for 5-minute retention, 

and 97.23% for 24-hour retention. A custom MATLAB programme then calculated the 

primary dependent variables. These variables were calculated 233 ms after label onset to 

allow for saccade initiation latencies (Swingley, 2009).  

We analysed two distinct measures of visual attention from our coded videos. 

‘Proportion of looking towards the target’ was selected because this measure is commonly 

used in both the neurotypical and autism word learning literatures (e.g. Ackermann et al., 

2020; Akechi et al., 2013) and is often interpreted as a measure of learning accuracy in the 

absence of an explicit behavioural response. It is calculated by dividing time spent looking 

towards the target by total time spent looking at all visible stimuli in the trial array. ‘Number 

of looks towards the target’ was also selected as autistic children are known to demonstrate 

greater exploration and detail-orientation towards stimuli that relate to their interests (e.g. 

Sasson et al., 2011), which could be interpreted as greater curiosity or information 

processing. The moment that a participant’s eyes directed towards the target was taken as the 

onset of a look, and the moment their eyes directed away from the target was taken as the 

offset of the look. Each individual look towards the target was counted. 

Results 

We examined whether autistic and neurotypical children differed in their visual 

attention during each stage of the word learning task (see Figure 2 for descriptive statistics). 

To elucidate the relationship between visual attention and word learning performance, we 

also investigated how variability in children’s in-trial visual attention predicted their response 

accuracy. Detailed analyses of referent selection and retention accuracy and response times 

are reported in Rothwell et al. (2024). 

(insert Figure 2 here) 
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All models were conducted using the glmer and lmer functions from the lme4 

package (Bates et al., 2015) using R Statistical Software (R Core Team, 2024). Population 

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

0.5 (novel object) and 0.5 (novel animal). Referent selection trial type was contrast coded as -

0.5 (familiar) and 0.5 (novel). As dependent variables, trial-level accuracy at referent 

selection, 5-minute retention, and 24-hour retention were coded as 1 (correct) or 0 (incorrect). 

Proportion of time spent looking at the target stimuli on each trial was scored between 0 and 

1. Number of looks to the target stimuli on each trial ranged from 0 to 14.  

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 for referent selection 

phases, or condition per participant for retention phases. As only final models are reported, 

please refer to the Supplementary Materials for full details of the model building sequences. 

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. 

Referent selection 

Linear mixed-effects models testing whether effects of population, condition, and trial 

type predicted variability in each visual attention measure during referent selection contained 

496 data points.   

 Generalised linear mixed-effects models testing whether population, condition, and 

children’s in-trial visual attention measures predicted their referent selection accuracy 

contained 491 data points, as five trials were excluded from autistic participants who 

provided ambiguous responses (they selected different stimuli simultaneously with both their 

head and their hand). 

Proportion of time spent looking at the target  
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Proportion of time spent looking at the target was predicted by a fixed effect of 

population (t = -2.55, p = .016) and a trial type x condition interaction (t = 2.73, p = .006; see 

Table 2). Neurotypical children looked significantly longer at targets than autistic children. 

The trial type x condition interaction was deconstructed by testing the effect of trial type on 

the animal and object conditions separately. Children looked significantly longer at the target 

on familiar trials than novel trials in the object condition (t = -5.45, p <.001), but proportional 

looking did not differ across trial types in the animal condition (t = -1.12, p = .26).  

Referent selection accuracy was predicted by this visual attention measure (z = 7.59, p 

<.001; see Table 2). Across populations and conditions, as children’s proportion of looking 

towards the target increased, so too did their referent selection accuracy. 

(insert Table 2 here) 

Number of looks towards the target  

Number of looks towards the target stimuli was predicted by fixed effects of 

population (t = 3.20, p = .003) and trial type (t = 2.34, p = .026; see Table 3).  Across 

conditions, autistic children made more looks towards the target stimuli than neurotypical 

children, and children in both groups made more looks towards the target during novel trials 

than familiar trials. 

Referent selection accuracy was predicted by a visual attention measure x population 

interaction (z = -2.01, p = .044; see Table 3). This interaction was deconstructed by testing 

the effect of the visual attention measure on autistic and neurotypical children separately. 

Across conditions, children who made more frequent looks towards the target during referent 

selection responded more accurately, but this effect was stronger for the autistic group (z = 

4.37, p <.001) than the neurotypical group (z = 3.69, p <.001). 

(insert Table 3 here) 

5-minute retention 
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Linear mixed-effects models testing whether effects of population and condition 

predicted variability in each visual attention measure at 5-minute retention contained 493 data 

points. Due to a technical error, three trials were removed for one neurotypical participant. 

 Generalised linear mixed-effects models testing whether population, condition, and 

children’s in-trial visual attention measures at referent selection predicted their 5-minute 

retention accuracy contained 489 data points. Generalised linear mixed-effects models testing 

whether population, condition, and visual attention measures at 5-minute retention predicted 

5-minute retention accuracy contained 488 data points. We excluded four trials due to a 

technical error, and four trials due to ambiguous responding.  

Proportion of time spent looking at the target  

Proportion of time spent looking at the target during 5-minute retention did not 

significantly differ between populations or conditions; the inclusion of fixed effects did not 

improve fit in comparison with the baseline model. 

Children’s 5-minute retention accuracy was predicted by this visual attention measure 

(z = 11.21, p < .001; see Table 4). Across groups and conditions, children who looked 

proportionately longer at the target stimuli at 5-minute retention also responded more 

accurately at 5-minute retention. 

Variability in proportion of time spent looking at the target stimuli during referent 

selection did not predict 5-minute retention accuracy. 

(insert Table 4 here) 

Number of looks towards the target  

Number of looks towards the target during 5-minute retention was predicted by a 

population x condition interaction (t = 2.24, p = .033; see Table 5). This interaction was 

deconstructed by exploring the effect of population in the animal and object conditions 

separately, and condition for neurotypical and autistic groups separately.  While neurotypical 

children looked towards the target significantly more often in the object condition compared 

to the animal condition (t = -2.50, p = .013), number of looks towards the target by autistic 
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children did not significantly differ between conditions (t = 1.19, p = .23). Autistic children 

made significantly more looks towards the target than neurotypical children in the animal 

condition (t = 2.70, p = .011), but not the object condition (t = 1.30, p = .20).  

Children’s 5-minute retention accuracy was predicted by a visual attention measure x 

condition interaction (z = 2.60, p = .009; see Table 5). Across populations, children who 

looked more frequently towards the target stimuli during 5-minute retention achieved 

significantly higher 5-minute retention accuracy, but this effect was larger in the animal 

condition (z = 5.51, p <.001) than the object condition (z = 3.80, p <.001).  

Across populations and conditions, children who looked more frequently towards the 

target stimuli during referent selection responded with significantly greater accuracy at 5-

minute retention (z = 2.20, p = .028; see Table 5). 

(insert Table 5 here) 

24-hour retention 

Linear mixed-effects models testing whether effects of population and condition 

predicted variability in each visual attention measure at 24-hour retention contained 471 data 

points. Two autistic children in the animal condition and one neurotypical child in the object 

condition did not complete this phase due to absence. One additional trial from an autistic 

participant in the object condition was removed due to non-completion.  

 Generalised linear mixed-effects models testing whether population, condition, and 

children’s in-trial visual attention measures at referent selection and 24-hour retention 

predicted their 24-hour retention accuracy contained 467 data points. We excluded five trials 

for autistic participants in the object condition due to non-completion (1), and ambiguity (4).  

Proportion of time spent looking at the target  

Proportion of time spent looking at the target during 24-hour retention did not 

significantly differ between populations or conditions; the inclusion of fixed effects did not 

improve fit in comparison with the baseline model.  
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Children’s 24-hour retention accuracy was predicted by this visual attention measure 

(z = 11.56, p < .001; see Table 6). Across groups and conditions, as children’s proportion of 

looking at the target stimuli increased during 24-hour retention, so did their 24-hour retention 

accuracy.  

Children’s 24-hour retention accuracy was predicted by a proportion of time spent 

looking at target stimuli during referent selection x population x condition interaction (z = -

2.04, p = .041; see Table 6). This interaction was deconstructed by separately testing the 

effect of the visual attention measure on each population in each condition. For autistic 

children, greater proportion of time spent looking at the target during referent selection 

predicted more accurate 24-hour retention in the object condition (z = 2.72, p = .006), but not 

the animal condition (z = -0.83, p = .41). However, this visual attention measure did not 

predict neurotypical children’s 24-hour retention accuracy in either the object (z = 0.35, p = 

.73) or animal (z = 1.08, p = .28) condition. 

(insert Table 6 here) 

Number of looks towards the target  

Number of looks towards the target was predicted by a fixed effect of population. 

Across conditions, autistic children made significantly more looks towards the target than 

neurotypical children (t = 2.35, p = .025; see Table 7). 

Children’s 24-hour retention accuracy was predicted by a visual attention measure x 

population interaction (z = -3.03, p = .002; see Table 7). More frequent looks towards the 

target during 24-hour retention were associated with significantly higher 24-hour retention 

accuracy in both populations. However, this effect was larger for neurotypical children (z = 

6.01, p < .001) than autistic children (z = 4.02, p < .001).  

Across populations and conditions, children who looked more frequently towards the 

target stimuli during referent selection responded with significantly greater accuracy at 24-

hour retention (z = 3.11, p = .002; see Table 7). 

(insert Table 7 here) 
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Discussion 

The present study investigated how autistic and neurotypical children’s visual 

attention differed when learning words associated with high interest stimuli (animals) and 

low interest stimuli (objects) in Rothwell et al.’s (2024) task. We also tested whether 

differences in visual attention predicted variability in accuracy at referent selection, 5-minute 

retention, and 24-hour retention. Neurotypical children spent proportionally longer looking at 

target stimuli during referent selection than autistic children, and both populations looked 

longer at target stimuli during familiar trials than novel trials. However, autistic children 

looked more frequently towards targets than neurotypical children during all three word 

learning stages. At 5-minute retention, autistic children looked more frequently at targets in 

the animal condition than neurotypical children. Across groups and conditions, children’s in-

trial visual attention predicted accuracy at all three word learning stages. We also discovered 

that children’s visual attention at referent selection predicted their 5-minute and 24-hour 

retention accuracy, suggesting that visual attention during encoding of new word-referent 

mappings directly influences the likelihood of memory consolidation (see Hilton et al., 2019 

for similar results). 

Children’s visual attention during referent selection may be attributed to the differing 

cognitive demands associated with identifying targets for familiar and unfamiliar words 

(Preissler & Carey, 2005). It is possible that increased frequency of looks on novel trials 

reflected participants’ need to check multiple stimuli to disambiguate the intended referent 

from competitor objects through successful implementation of word learning heuristics (de 

Marchena et al., 2011). Conversely, children may have spent more time looking towards 

targets during familiar trials compared to novel trials because they did not need to eliminate 

competitors to identify the requested referent. As our autistic sample was characterised by 

delayed language and intellectual development, these children may have looked more 

frequently towards target stimuli due to their need for greater input to support processing. 

While these differences in visual attention may not have had a detrimental impact on learning 
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accuracy, they may explain why autistic children took significantly longer to generate correct 

responses during referent selection (i.e. a speed-accuracy trade off; see Rothwell et al., 2024).  

Although neurotypical children looked proportionately longer towards targets than 

autistic children during referent selection, this difference did not persist across retention 

stages. Despite this difference in visual attention during initial encoding – which, in isolation, 

could be interpreted as evidence for reduced learning accuracy in autistic children – Rothwell 

et al.’s (2024) behavioural data show that the groups’ referent selection accuracy did not 

significantly differ. These results demonstrate that, whilst autistic and neurotypical children’s 

visual attention may vary during fast mapping, their likelihood of successfully identifying 

and retaining the meanings of novel words appears to be unaffected. Importantly, these 

findings indicate that population differences in word learning accuracy should not necessarily 

be inferred from contrasting profiles of visual attention. Indeed, autistic children’s more 

frequent looks towards novel stimuli across both referent selection trial types in comparison 

to neurotypical children could have afforded more robust encoding of novel word-object 

associations (e.g., Axelsson et al., 2012), potentially supporting their superior accuracy at 24-

hour retention (Rothwell et al., 2024). These findings also show that differences in time spent 

looking towards targets during referent selection do not necessarily persist for other word 

learning stages, highlighting the importance of studying word learning as a holistic system. 

At 5-minute retention in the animal condition, Rothwell et al. (2024) showed that 

autistic children responded with significantly greater accuracy and outperformed vocabulary-

matched neurotypical children. Moreover, after 24-hours, autistic children retained 

significantly more novel animal and object words than neurotypical children (Rothwell et al., 

2024). Correspondingly, significant between-group conditional differences in visual attention 

emerged when testing children’s retention of novel word meanings. Autistic children looked 

at animal targets significantly more frequently than neurotypical children at 5-minute 

retention and across conditions at 24-hour retention. As autistic children tend to process high-

interest stimuli with greater focus and intensity (Elison et al., 2012), it may be that their 
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interest in animals facilitated encoding of more robust word-referent representations that 

were less vulnerable to decay after 5-minutes. Overall, these patterns of results suggest that 

frequent looking may represent curiosity towards stimuli in autistic children. As predictive 

relationships were identified between both in-trial visual attention measures and response 

accuracy at 5-minute and 24-hour retention, it may be that group differences in visual 

attention reflected variability in memory consolidation. 

Analysing relationships between visual attention and forced-choice accuracy 

represents an important methodological advancement that can generate new insight into 

autistic children’s word learning. Specifically, we discovered that these measures both 

complement and contradict one another. On one hand, across populations and conditions, 

increased looking predicted accuracy at each word learning stage. On the other hand, visual 

attention measures at each learning stage often contradicted one another and did not always 

align with direct accuracy measures. In terms of response accuracy, autistic children 

outperformed neurotypical children in the animal condition at 5-minute retention and across 

conditions at 24-hour retention (Rothwell et al., 2024). While population and condition 

differences in number of looks broadly complemented these between-group differences in 

accuracy, proportion of time spent looking at target stimuli did not significantly differ across 

populations or conditions at 5-minute or 24-hour retention. These findings suggest that 

proportional looking time and frequency of looks reflect distinct aspects of visual attention 

that vary in different ways between autistic and neurotypical populations and differ in how 

they relate to actual word learning outcomes. Of the two measures, our findings spotlight 

number of looks towards targets as a key measure – more frequent looks at referent selection 

predicted greater retention accuracy at 5-minutes and 24-hours, and population differences in 

this variable aligned with between-group differences in accuracy at both retention stages. 

Crucially, this study shows that differences in learning accuracy are not necessarily mirrored 

in visual attention, and we recommend caution when drawing conclusions about autistic 

children’s word learning abilities exclusively from proportional looking times.  
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The current study also indicates how fast mapping and retention mechanisms are 

related within a unified word learning system. Whilst earlier studies with neurotypical 

children suggested that these word learning stages are distinct (e.g. Horst & Samuelson, 

2008), our findings demonstrate a link between referent selection and overnight retention that 

is mediated by visual attention. Greater 24-hour retention accuracy was predicted by looking 

more frequently at targets during referent selection, suggesting that increased visual input 

supports consolidation of newly acquired word-referent associations into children’s 

vocabularies (see McMurray et al., 2012 for similar findings). Additionally, differences in 

visual attention during referent selection may have contributed to differences between the 

groups’ word learning accuracy. Autistic children’s more frequent looks towards the target 

during encoding may have scaffolded their superior retention accuracy in comparison to 

neurotypical children. As such, interventions that increase visual fixations during learning 

could be employed to improve autistic children’s vocabulary acquisition. 

Naturally, we must consider the limitations of this study. As outlined in Rothwell et 

al. (2024), participant recruitment was hindered by the COVID-19 pandemic lockdown 

restrictions which were initiated mid-way through data collection. We therefore recommend 

that future studies combining behavioural and visual attention measures seek to replicate our 

findings with larger samples. As the study did not emulate a naturalistic environment, we 

cannot be certain that our samples’ performance levels would be comparable under less 

controlled word learning conditions. Although autistic children’s word learning may have 

benefitted from more frequent looks towards targets in our experiment, these extra looks 

might not be afforded in real world environments where processing times are restricted, and 

stimuli are presented more rapidly (Hartley et al., 2020). Thus, future research should explore 

autistic children’s visual attention during word learning in a more demanding, naturalistic 

environment. Presenting children with more salient distractors, more complex and numerous 

stimuli, and faster paced learning environments would allow us to examine how autistic 

children’s word learning is influenced by more naturalistic challenges.  
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It is also important to acknowledge that we did not directly assess children’s interests 

in unfamiliar objects specifically. However, the unfamiliar objects were typical experimental 

stimuli that are often used in studies of this nature and were necessarily included to ensure 

comparability with previous research. As the familiar stimuli spanned a variety of non-animal 

categories that differed across trials (e.g. furniture, vehicles), we can be confident that pre-

existing interests relating to these would not have systematically influenced children’s 

responding. Moreover, observed differences in autistic children’s attention to different 

semantic categories highlights the need for future studies to consider how participants’ 

interests in stimuli may influence their word learning performance. 

Overall, this study advances theoretical understanding of visual attention, and its 

relationship with accuracy, during novel word learning in autism and neurotypical 

development.  Our results highlight that differences in visual attention do not necessarily 

reflect equivalent differences in word learning accuracy. Indeed, we revealed that autistic and 

neurotypical children matched on receptive vocabulary can differ in visual attention yet reach 

similar word learning outcomes (Rothwell et al., 2024). Our results therefore highlight the 

risk of drawing inaccurate conclusions about autistic children’s learning from specific 

measures of looking time alone and show the importance of including multiple measures of 

learning outcomes and visual attention. Our study also discovered that increased visual 

attention during encoding at referent selection influences children’s ability to retrieve novel 

word meanings at retention. This highlights the importance of designing word learning 

contexts that afford children optimal opportunities to attend to all vital information and thus 

improve chances of successful word learning. Our findings also emphasise the importance of 

studying word learning as a holistic system of inter-related stages. 
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Figure Captions 

Figure 1. Examples of trial types in the word learning task 

Figure 2. Mean visual attention measures for referent selection, 5-minute retention, and 24-

hour retention, error bars show±1 SE   
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Figure 1 top 
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Figure 2 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 

 

Note. 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. Participants in the present study are the same as those 

reported in Rothwell et al. (2024). 
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Table 2 

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

odds) for proportion of time spent looking at the target stimuli during referent selection 

 Fixed effects Estimated 
coefficient 

Std. 
error t Pr(> |t|) 

Between-group (Intercept) 0.59 0.02 32.66 <.001 
Differences  Trial Type -0.10 0.02 -4.37 <.001 
 Condition -0.001 0.02 -0.01 1.00 
 Population -0.09 0.04 -2.55 .016 
 Trial Type x Condition 0.12 0.04 2.73 .006 

  AIC BIC logLik deviance 
        47.5 77.0 -16.8 33.5 
 Fixed effects Estimated 

coefficient 
Std. 

error z Pr(> |z|) 

Predicting (Intercept) -1.71 0.60 -2.84 .004 
Accuracy Proportion of time spent 

looking at the target 
10.72 1.41 7.59 <.001 

  AIC BIC logLik deviance 
  187.9 242.4 -80.9 161.9 
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Table 3 

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

odds) for number of looks at the target stimuli during referent selection 

 Fixed effects Estimated 
coefficient 

Std. 
error t Pr(> |t|) 

Between-group (Intercept) 1.87 0.12 15.38 <.001 
Differences  Population 0.77 0.24 3.20 .003 
 Trial Type 0.25 0.11 2.34 .026 

  AIC BIC logLik deviance 
        1624.0 1657.7 -804.0 1608.0 
 Fixed effects Estimated 

coefficient 
Std. 

error z Pr(> |z|) 

Predicting (Intercept) 1.44 0.61 2.36 .018 
Accuracy Number of looks to target 1.68 0.34 4.96 <.001 
 Population -0.43 1.19 -0.36 .72 
 Number of looks x Population -1.35 0.67 -2.01 .044 
  AIC BIC logLik deviance 
  298.1 361.0 -134.0 268.1 
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Table 4 

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

of 5-minute retention accuracy, predicted by proportion of time spent looking at the target 

stimuli 

Fixed effects Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

(Intercept) -3.65 0.37 -9.78 <.001 
Proportion of time looking at 
target 

8.12 0.72 11.21 <.001 

 AIC BIC logLik deviance 
       366.0 391.1 -177.0 354.0 
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Table 5 

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

odds) for number of looks to the target stimuli during 5-minute retention 

 

 

 

 

 

 
Fixed effects Estimated 

coefficient 
Std. 

error t Pr(> |t|) 

Between-group (Intercept) 1.43 0.13 11.15 <.001 
Differences Population 0.56 0.24 2.31 .028 
 Condition -0.05 0.11 -0.41 .68 
 Population x Condition 0.50 0.23 2.24 .033 

  AIC BIC logLik deviance 
        1570.7 1608.5 -776.4 1552.7 
 

Fixed effects Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

Predicting (Intercept) -1.41 0.25 -5.58 <.001 
Accuracy Number of looks to target 0.74 0.11 6.91 <.001 
 Condition -0.63 0.37 -1.70 .09 
 Number of looks x 

Condition 
0.52 0.20 2.60 .009 

  AIC BIC logLik deviance 
  609.4 642.9 -296.7 593.4 
 

Fixed effects Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

Referent Selection  (Intercept) -0.70 0.21 -3.32 <.001 
Looking Predicting 
Accuracy 

Number of looks to target 
at referent selection 

0.17 0.08 2.20 .028 

  AIC BIC logLik deviance 
  658.3 683.4 -323.1 646.3 
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Table 6 

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

for proportion of time spent looking at the target stimuli during 24-hour retention 

 
Fixed effects 

Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

Predicting (Intercept)   -2.85 0.29 -9.84 <.001 
Accuracy Prop. of time looking to target 7.19 0.62 11.56 <.001 

  AIC BIC logLik deviance 
        375.3 400.1 -181.6 363.3 
 Fixed effects Estimated 

coefficient 
Std. 

error z Pr(> |z|) 

Referent  (Intercept) -0.43 0.28 -1.52 .13 
Selection 
Looking  

Prop. of time looking at target 
at referent selection 

0.96 0.41 2.30 .021 

Accuracy Population 0.55 0.54 1.03 .30 
 Condition 0.22 0.50 0.44 .66 
 Proportion x Population  0.47 0.83 0.57 .57 
 Proportion x Condition -0.72 0.84 -0.86 .39 
 Population x Condition 2.47 1.00 2.47 .014 
 Proportion x Population x 

Condition 
-3.40 1.66 -2.04 .041 

  AIC BIC logLik deviance 
  635.2 685.0 -305.6 611.2 
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Table 7 

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

odds) for number of looks towards the target stimuli during 24-hour retention 

 

 

 

 

 

 
Fixed effects Estimated 

coefficient 
Std. 

error 
t Pr(> |t|) 

Between-group (Intercept) 1.49 0.13 11.87 <.001 
Differences Population 0.51 0.21 2.35 .025 

  AIC BIC logLik deviance 
        1582.2 1611.3 -784.1 1568.2 
 

Fixed effects Estimated 
coefficient 

Std. 
error 

z Pr(> |z|) 

Predicting (Intercept) -1.14 0.23 -5.05 <.001 
Accuracy Number of looks  0.90 0.12 7.39 <.001 
 Population                                               1.35 0.45 3.02 .003 
 Number of looks x 

Population 
-0.74 0.24 -3.03 .002 

  AIC BIC logLik deviance 
  566.8 600.0 -275.4 550.8 
 

Fixed effects Estimated 
coefficient 

Std. 
error z Pr(> |z|) 

Referent Selection  (Intercept) -0.51 0.26 -1.99 .047 
Looking Predicting 
Accuracy 

Number of looks to 
target at referent 
selection 

0.29 0.09 3.11 .002 

  AIC BIC logLik deviance 
  628.2 653.1 -308.1 616.2 


